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ABSTRACT

Previous studies of electrokinetic ion and water transport have generally disregarded its
application to remediation of unsaturated soils due to a lack of theoretical understanding, numerical
predictive capabilities, and suitable electrodes. The research focus of this dissertation is on the
electromigration of ions in unsaturated soils. Electrokinetic transport theory, three-dimensional
numerical model development, comparison of model predictions to experimental results, and a
surfactant-coating procedure for the anode electrode casings are all described in this dissertation.

An electromigration transport model was developed based on a modified Nernst-Planck
equation describing the electromigration and diffusive flux of ions in a porous medium and on the
equation of continuity. A steady-state electric potential field was assumed, an assumption valid for
highly buffered soils or when the electrode electrolysis reactions are neutralized. The model also
assumed advective water movement through the soil due to either electric or hydraulic potentials
was negligible. The transport and continuity equations were implemented in the model using
public domain ground-water flow (MODFLOW) and transport (MT3D) numerical codes that were
modified to allow prediction of ion transport due to an electric potential field.

Effective ionic mobility and diffusion parameters for porous media were calculated using a
tortuosity function based on a closed-form solution of an equation describing electrical
conductivity dependence on moisture content. The effect of ionic strength on ionic mobility was
estimated using the activity coefficient calculated by the Davies equation.

One-dimensional laboratory experiments that measured anionic dye electromigration rates
as a function of moisture content were used to verify the model. Laboratory experiments were
conducted using a 10-mA, constant-current condition. Predicted red dye No. 40 migration rates

matched the experimental data very well. Both the numerical simulations and the experimental
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results showed a maximum electromigration velocity at moisture contents less than saturation.
This maximum is believed to be due to competing effects between current density and tortuosity.

A six-month field demonstration was conducted to examine ion electromigration through
heterogeneous unsaturated sandy soils. Acetate electromigration transport in the field
demonstration indicated preferential transport through soil layers exhibiting higher moisture
content and electrical conductivity.

Modeling was used to assess the effects of spatial heterogeneities on electromigration
transport at the field-scale. The measured soil properties of the ficld demonstration were
conceptualized as a layered system or as a homogencous system. The layered model had three
layers where each layer was assigned a moisture content and electrical conductivity value. The
homogeneous model represented a single homogeneous profile with average properties of the
layered model. Numerical results from these models suggest that spatial heterogeneities in soil
properties must be accounted for in order to predict electromigration transport in a heterogeneous
soil profile. The numerical predictions of the layered model qualitatively matched observations
from the field experiments.

A surfactant-coating procedure for ceramic electrode casings was developed that
eliminates excess electroosmotic flow from the anode into unsaturated soils. Anode porous
ceramic casings were treated with hexadecyltrimethylammonium at concentrations above the
critical micelle concentration. Laboratory experimental results suggested the surfactant coating
formed a bilayer on the ceramic surface, reversed the zeta potential and hence the electroosmotic
flow direction within the treated-ceramic pores. A six-month ficld demonstration confirmed the
stability and effectiveness of the surfactant treatment on the porous ceramic.

The results of this dissertation illustrate the importance of moisture content and its
relationship to electrical conductivity on electromigration transport, and the importance of

including spatial heterogeneity in electrokinetic transport models. The steady-state electric
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potential field assumption allowed soil spatial variability effects on electromigration to be
incorporated in a three-dimensional transport model. Electrokinetic transport models assuming

homogeneous soil parameters will not adequately predict ion transport pathways at the field-scale

in heterogeneous soil profiles.
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CHAPTER 1. INTRODUCTION

Inorganic contamination in unsaturated soil is a widespread problem at Environmental
Protection Agency Superfund.sites, Department of Energy sites, and privately-owned facilities
throughout the nation. Viable methods for remediating unsaturated soils that contain dissolved
ionic contaminants such as heavy metals are limitéd, Recenﬂy, there has been a focus on
developing and assessing innovative in-situ technologies to treat contaminated soil. One such
innovative technology is electrokinetic remediation, the use of a direct electrical current potential

field to induce ion and pore water transport.

1-1. ELECTROKINETIC PHENOMENA

The application of a direct electrical current imposed between electrodes implanted in
soil leads to a number of effects collectively known as electrokinetic phenomena. The transport
of ions dissolved in the soil pore water under the influence of an electric potential field is known
as electromigration. Similarly, charged particle transport towards the oppositely charged
clectrode is known as electrophoresis. Finally, electroosmosis describes movement of soil water
in response to the electric potential field (Hunter, 1981).

Soil water is typically transported towards the cathode due to the excess net positive
charges in the double layer associated with the negative surface charge of the soil. Under the
influence of an electric potential field, these positive charges migrate toward the cathode and
create a viscous drag effect on the bulk pore water. Non-charged contaminants will be
transported with the electroosmotic water flux. Charged contaminants dissolved in the pore
water, and charged particles such as colloids, will migrate to the oppositely charged electrode.
The combination of these phenomena, electroosmosis, electromigration, and electrophoresis,

leads to contaminant transport toward the electrodes (Figure 1-1).
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The electromigration velocity of an ion transported in a porous medium is a function of

the ionic mobility and the voltage gradient:

v (-1

where v.,, is the electromigration velocity (m s™), u* is the effective ionic mobility (m*V™'s™),
and dV/dx is the voltage gradient (V m™). The ionic mobility in a solution can be calculated from
the Nernst-Einstein equation describing the ionic mobility as a function of the diffusion
coefficient or can be found in published references. Previous researchers (Shapiro et al., 1989;
Yeung, 1990; Alshawabkeh and Acar, 1996) have provided corrections for 4;* to account for
tortuosity in a porous medium.

Similarly, the Helmholtz-Smoluchowski equation (Hunter, 1981) describing water
transport due to electroosmotic flow in a capillary tube has also been corrected for tortuosity to

extend the description of electroosmosis to porous media:

, =8 v (1-2)
“ 771; dx

where v,, is the electroosmosis velocity (m s™), £1is the fluid permittivity (C Vim! [N V7)), Cis
the zeta potential (V), zris a tortuosity factor (-) describing the ratio of the ion pathway to the

straight-line pathway, and 7 is the fluid viscosity (Pa s [N m?s]).
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1-2. MOTIVATION FOR INVESTIGATING ELECTROKINETIC TRANSPORT-IN
UNSATURATED SOILS

Previous electrokinetic research has focused on saturated, fine-grained soils and clays
that are difficult to remediate using typical pump-and-treat methods. The predominance of these
environments in electrokinetics work has led to a common misconception that electrokinetics is
not applicable to unsaturated, sandy soils even though limited experimental electrokinetics wofk
in such media has been documented (Runnells aﬁd Larson, 1986; Dahab ct al., 1992; Lindgren et
al., 1992; Mattson and Lindgren, 1995).

Further support that electrokinetic transport would be applicable in unsaturated soil
comes from understanding the transfer of electrical current through a soil-water medium.
Assuming the soil minerals are non-conducting, then the fluxes of individual ionic species
through the bulk pore water (electromigration) and through the double layer (electroosmosis) are
the two mechanisms that transfer electrical current (Figure 1-1). Therefore, if an electrical
current is passed through an unsaturated non-conducting soil, then ionic species must be
transported through the pore water.

The electrical conductivity of an unsaturated soil does not immediately drop to a
negligible value as soon as the soil begins to desaturate. Rather, the draining of pores reduces the
cross-sectional area for electrical current transport and increases the length of the electrical
pathway, producing a smooth continuum of electrical conductivity reduction as a soil desaturates.
For example, Figure 1-2 illustrates the electrical conductivity of Hanford dune sand as a function
of volumetric moisture content. The electrical conductivity is at a maximum when the soil is
fully saturated and decreas;as with decreasing moisture content. Throughout this entire range of
moisture content, ion transport through the bulk pore water and through the double layer are
responsible for the resulting electrical conductivity.

This is not to say that because an electrical current can be passed through an unsaturated

soil it can be easily remediated. The decrease of ¢lectrical conductivity is nonlinear with respect



1-4

to soil moisture. At soil moisture values near the residual value, the electrical conductivity
decreases rapidly, implying a much larger voltage gradient is needed to transfer an equivalent
amount of electrical current as the soil dries. In addition, engineering a remediation system
becomes more complex in drier soil.

The work presented in this dissertation is an extension of research conducted for Sandia
National Laboratories (SNL), Albuquerque, New Mexico. SNL was interested in evaluating
whether the electrokinetic remediation process could remediate a chromate plume emanating
from an unlined chromic acid pit (UCAP) at their chemical waste landfill.

The SNL chemical waste landfill was the chemical disposal site for SNL from 1962 to
1985. During this time, chemicals were separated by type and disposed of in unlined trenches. It
is estimated that over 16 m* (4290 gallons) of chromic/sulfuric acid solution was disposed in the
chromic acid pits (SNL, 1991). The chromium was disposed of in the hexavalent form, and the
very low organic fraction present in the native soil suggests the chromium should stay in the
anionic hexavalent form adsorbing weakly to soil beneath the chemical waste landfill (Persaud
and Wierenga, 1982). Chemical analysis of soil samples collected from boreholes drilled in 1987
indicated chromium transport to a depth of at least 25 m (75 ft) below the land_surface. Soil
moisture content in the chromium-contaminated soil was in the range of 2 to 12% by weight.

Prior to this dissertation, a detailed study of moisture content effects on electrokinetic
transport of ions through unsaturated soil had not been performed. For this dissertation, an
experimental data set illustrating the electromigration transport velocity of red dye #40asa
function of moisture content was developed from a series of laboratory experiments. Red dye
#40 was used as a surrogate contaminant for chromate since both are anions with a valance of -2.
In addition, red dye #40 had the advantage of being non-hazardous and allowing visual
observation of transport phenomena during an experiment. Chapter 2 details the laboratory

experiments and results of the red dye #40 electromigration rate as a function of moisture content.
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In addition to lack of experimental data sets, the theoretical relationships describing
electromigration transport in unsaturated soils had not been developed. Although the laboratory
experiments performed by Runnells and Larson (1986) and Dahab et al. (1992) demonstrated
electrokinetic transport of copper ions in a sandy soil, these experiments lacked a theoretical
description of electrokinetic transport phenomena in an unsaturated soil. Chapter 2 addresses this
issue by describing the effects of varying cross-sectional area of the pore water and the tortuosity
as a function of moisture content on the electrokinetic transport processes.

Electrokinetic transport models have generally been confined to a single dimension due
to the complexity of coupling the electrokinetic flux equation and the electric current equation
(Shapiro et al., 1989; Yeung, 1990, Alshawabkeh and Acar, 1996). While one-dimensional
simulations are useful to examine physicochemical effects on electrokinetic phenomena, such
models can not predict changes in the ¢lectric potential field due to electrode geometry or spatial

variability of the soil/water properties. These one-dimensional models have limited application
for predicting electrokinetic transport at the ficld scale.

This dissertation describes a three-dimensional ion transport model through unsaturated
soils. The model assumes a constant moisture content and electrical potential ficld with respect to
time but allows both variables to vary in space. This model is described in Chapter 2 of this
dissertation and is tested against electrokinetic field demonstration results in Chapter 3.

Previous models also assumed ionic mobility was equal to the values at infinite dilution,
thereby overestimating an ion’s velocity at a constant voltage potential. Kohlrausch
demonstrated through a series of laboratory measurements (Bockris and Reedy, 1973) that the
equivalent conductivity of a free solution decreases with the square root of concentration.
Nﬁmerical models must account for this reduction of ionic mobility as the concentration of the
pore water increases. For this dissertation, the reduction in mobility was estimated using the

activity coefficient calculated by the Davies Equation (see Chapter 2, Appendix A).
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Finally, a method was developed to control the rate of water entering the soil at the anode
electrode. A continuous water pathway is required to maintain an applied electrical potential, but
excess water could saturate the soil causing the contaminants to be transported deeper into the
soil profile. Chapter 4 describes a surfactant coating procedure of the porous ceramic anode
casing necessary for the successful application of electrokinetics to unsaturated soils.

The research focus of this dissertation is on the electromigration of ions in unsaturated
soils. Electrokinetic transport theory, three-dimensional numerical model developfnent,
comparison of model predictions to experimental results, and a surfactant-coating procedure for

anode electrode casings are all described here.

1-3. ORGANIZATION OF THIS DISSERTATION

Each chapter of this dissertation discusses a particular topic related to the electrokinetic
transport or removal of ions in unsaturated soil. Chapter 1 (this chapter) introduces the
fundamental phenomena of ion transport in porous media due to an electric potential field and
describes the organization of this dissertation.

Chapter 2 is the first of two companion papers to be submitted to the journal Water
Resources Research. Chapter 2 describes the history of electrokinetic numerical modeling, the
theory of electromigration of ions in soils, and simplifying assumptions used in this dissertation
for numerical model development. Implementation of the transport and continuity equations by
modifying a ground-water flow code (MODFLOW) and a transport code (MT3D) to allow
predictions of electromigration transport through unsaturated soils is described. The model was
verified by comparing numerical predictions to laboratory experimental electromigration results.

Chapter 3 is the second of the companion papers and describes an electrokinetic field
demonstration in unsaturated soil conducted at SNL in Albuquerque, NM. The effects of spatial
heterogeneities on the transport of acetate at the field-scale are discussed based on the results of

both numerical model predictions and field measurements.



1-7

Chapter 4 describes a surfactant-coating procedure for anode ceramic casings that
reverses the electroosmotic flow direction within the treated-ceramic pores. This paper was
submitted to the Journal of Environmental Engineering for publication. Laboratory experiments
and a field demonstration resﬁlts compare electroosmotic flow rates from untreated- and treated-
ceramic electrode casings to evaluate the effectiveness of the treatment procedure.

Chapter 5 concludes the dissertation and presenm suggestions for future research.

Finally, the appendices provide additional details about some aspects of the dissertation
project. Table 1-1 lists each appendix, provides a bricf description of its content, and indicates

the chapter to which the appendix is related.
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Table 1-1. Description of Appendices

Appendix Name Description Related
Chapter

A MODFLOW and LKMT Fortran listing of changes to the 2
Code Modifications MODFLOW code modules.

B MODFLOW Input File Example of *.dat files used to determine 2
Example: One-Dimensional  the electric potential field for anionic
Laboratory Dye Experiment  dye simulations.

C MT3D Input File Example: Example of *.inp files used to 2
One-Dimensional Laboratory  determine the anionic dye
Dye Experiment concentrations

D MODFLOW OQutput File Example of electric potential field 2
Example: One-Dimensional  output.

Laboratory Dye Experiment

E MT3D Output File Example: ~ Example of anionic dye concentration 2
One-Dimensional Laboratory  output.

Dye Experiment

F Experimental Electrode Provides additional detail of the 3
Control System construction and installation of the field

electrodes.

G MODFLOW Input File Example of *.dat files used to determine 3
Example: Three-Dimensional the electric potential field for acetate
Field Demonstration simulations

H MT3D Input File Example: Example of *.inp files used to 3
Three-Dimensional Field determine the acetate concentrations
Demonstration

1 MODFLOW Output File Example of electric potential field 3
Example: Three-Dimensional output.

Field Demonstration

J MT3D Output File Example:  Example of acetate concentration 3

Three-Dimensional Field output.

Demonstration




Figure 1-1. Electrokinetic phenomena in a soil pore.
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Figure 1-2. Electrical conductivity of Hanford dune sand as a function of moisture content.
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ABSTRACT

A three-dimensional electromigration transport model for ion transport in unsaturated soil
was developed and tested against laboratory experiments. This model assumed the electric
potential field was constant with respect to time, an assumption valid for highly buffered soil, or
when the electrode electrolysis reactions are neutralized. The model also assumed constant
moisture contents with respect to time, and that electroosmotic and hydraulic transport of water
through the soil was negligible. A functional relationship between ionic mobility and the
electrolyte concentration was estimated using the chemical activity coefficient. Tortuosity was
calculated from a mathematical relationship fitted to the electrical conductivity of the bulk pore
water and soil moisture data. The functional relationship between ionic mobility, pore-water
concentration, and tortuosity as a function of moisture content allowed the model to predict ion
transport in heterogeneous unsaturated soils. The model was tested against laboratory
measurements assessing anionic electromigration as a function of moisture content. In the test
cell, a strip of soil was spiked with red dye No. 40 and monitored for a 24-h period while a 10-
mA current was maintained between the electrodes. Electromigration velocities predicted by the

electromigration transport model
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were in agreement with laboratory experimental results. Both laboratory-measured and model-
predicted dye migration results indicated a maximum transport velocity at moisture contents less
than saturation due to competing effects between current density and tortuosity as moisture

content decreases.

2-1, INTRODUCTION

Electrokinetic remediation descibes a transport process intended to extract dissolved ions
and organic compounds from porous media. To initiate electrokinetic transport, a DC electric
potential field is applied to the porous medium. The applied current transports dissolved charged
ions due to electromigration towards the oppositely charged electrode. Concurrently,
electroosmosis moves the pore water in response to the electric field, typically towards the
cathode because of the negative surface charge of the soil. The magnitude of the transport
velocity due to electromigration and electroosmosis is directly related to the electric potential
gradient.

In recent years, there has been an interest in using electrokinetics as an mn-situ
remediation technology to extract heavy metals, radionuclides, and organic compounds from
saturated and unsaturated soils, sediments, and groundwater. Considerable effort has been
devoted to the development of mathematical and numerical models describing the remediation
process.

Modeling electrokinetic transport through porous media is complex due to use of the
current equation to determine the electric potential gradient, the driving potential for
electromigration and electroosmotic transport. This method calculates the fluxes of all the ions in
the fluid system to determine the current density, then iteratively solves the current equation until
the calculated electric potential across the computational system matches the boundary conditions
(Shapiro et al., 1989; Alshawabkeh and Acar, 1996). Although theoretically correct, the solution

scheme is numerically intensive due to the small time steps required, the number of ion fluxes to
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be calculated, and the iterative approach required to solve the current equation. The change in the
electric potential appears to be due to chemical reactions within the pore water. When ¢lectrode
electrolysis rcactions change the pore-water pH and hence the electric potential gradient, then the
iterative solution scheme is required.

However, in many situations, the electric potential gradient does not significantly change
with time. Electrolysis reactions can be neutralized at the electrodes, minimizing pH effects. In
addition, many soils have large buffering capacities that neutralize electrokinetically introduced -
pH effects in the soil. For example, due to such a large buffer capacity, Jacobs and Probstein
(1996) found the closest agreement between model simulation results and observed effluent
phenol concentrations in laboratory experiments when electromigration of hydrogen ions was
ignored. In situations where the pH is constant, a model that either calculates a steady state
electric potential field from soil electrical conductivity or assumes an electric potential field can
be used.

The first electrokinetic modeling cfforts were initiated from an engineering desire to use
electrokinetics for enhancement of soil slope stability, with a focus on electroosmotic water
movement rather than ion transport. Ersig (1968) and Lewis and Humpheson (1973) developed
models to study electroosmotic de-watering of clay soils. These early models simulated soil
consolidation and de-watering, both of which affect the apparent soil electrical conductivity, yet
they assumed a constant electric potential gradient.

Shapiro et al. (1989) extended an electrophoresis model by Saville and Palusinski (1986)
to a saturated porous medium by introducing electroosmosis processes, porosity, and tortuosity.
Advective hydraulic transport was neglected, although dissociation reactions, electrochemical
reactions, and local pH effects on surface charge were all included in the Shapiro et al. (1989)
model. Laboratory results for phenol removal from a saturated kaolin clay soil were compared to

numerical simulation results (Shapiro et al., 1989).
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The Shapiro et al. (1989) model has been modified to include additional complex
chemical effects on transport. Shapiro and Probstein (1993) added linear adsorption and
compared the numerical results to laboratory experiments with phenol and acetic acid.
Adsorption, complexation, dissolution, and precipitation reactions were added by Jacobs et al.
(1994) to simulate zinc removal from kaolin clays in laboratory experiments. In a parallel effort,
Shapiro modified the Shapiro and Probstein (1993) model to include ion transport in the double
layer, pH buffering by the soil, and the dependeﬂce of zeta potential on pH and ionic strength
(Monsanto, 1996). Alshawabkeh and Acar (1996) also developed a one-dimensional model
similar to that of Jacobs et al. (1994) and simulated lead removal from clay.

During this same time period, Acar et al. (1991) developed a one-dimensional analytical
model to predict the migration of pH fronts in kaolin clay media. Their model superimposed
hydraulic and electrical gradients that were all assumed constant in time and space. Mitchell and
Yeung (1990) developed a one-dimensional model based on the non-equilibrium thermodynamics
on the coupled flow. Later Yeung and Datla (1993) presented an electrokinetics model assuming
electric neutrality was maintained by the formation of hydrogen and hydroxyl ion. Yeung and
Datla performed a numerical analysis to calculate pH distributions in kaolin clay, and compared
their modeling simulations to laboratory pH results published by Acar et al. (1991).

Much less effort has been directed toward the development of multi-dimensional
electrokinetic fnodels. A few two-dimensional electroosmosis models have been developed for
aquifer de-watering applications. Lewis and Gardner (1972) simulated water flow beneath sheet
pilings by coupling electroosmosis and advective hydraulic flow. Renaud and Probstein (1987) |
examined steady-state coubling between electroosmotic and hydraulic flow to evaluate the
effectiveness of electroosmosis to divert groundwater around hazardous waste sites. They
evaluated different site geometries, electrode configurations, and Ivalues of physicochemical

parameters.
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To date, only one multi-dimensional electrokinetic model has been developed to predict
electromigration ion transport in a saturated porous medium. Jacobs and Probstein (1996)
developed a two-dimensional model that included hydraulic advection, electroosmosis,
electromigration, and diffusion based transport processes as well as chemical processes including
complexation, dissolution, precipitation reactions, surface complexation and sorption, and
electrochemical reactions. An artificial diffusivity was necessary to facilitate numerical stability
and convergence, in the simulation of phenol removal from homogeneous kaolin clay in a small-
scale (12-cm electrode spacing) laboratory experiment.

Applications of electrokinetic models to large-scale experiments are limited. Most
models have been applied to laboratory-scale experiments where the distance between electrodes
varied from 10 em (Acar et al., 1991) to 50 cm (Shapiro anci Probstein, 1993). Shapiro
(Monsanto, 1996) applied his one-dimensional model to a larger-scale experiment, a pilot-scale
field test where the electrodes were 3 m apart.

There is a need for electrokinetic transport models suitable for field applications. Such
models must address spatial heterogeneities in soil properties and in pore water solution
chemistry. Existing electrokinetic models typically assume homogeneous soil parameters,
saturated moisture content and hence a constant tortuosity term throughout the entire model
domain. Tortuosity is a strongly nonlinear function of moisture content. Furthermore, these
models do not adjust the ionic mobility for electrolyte concentration effects, instead using ion
electric mobilities determined at infinite dilution for their simulations. In reality, as the
evlectrolyte solution becomes more concentrated, individual ion mobilities are reduced due to ion
interactions.

We developed a three-dimensional saturated/unsaturated electromigration transport
model to address the limitations of previous models. A direct analogy between groundwater flow
and ion flow prompted the application of the three-dimensional groundwater flow model

MODFLOW (McDonald and Harbaugh, 1988), and the three-dimensional transport model MT3D
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(Zheng, 1990), to predict ion transport due to an electric field. The numerical implementation of
ion transport by an electric field was based on the assumption that the flow lines of current under
an electric gradient through soil are the same as the flow lines of water molecules under a
hydraulic gradient. The electromigration transport model was implemented by calculating the
electric potential field by MODFLOW. Using this electric potential field, ion migration
velocities were determined in the linking program module and transferred to MT3D. The
transport model then solved the electromigration transport equation with no further modifications.
In this paper we describe the model development and compare model predictions to
results of laboratory experiments in unsaturated soils. In a companion paper, we compare model

predictions to ion transport in a heterogeneous field soil.

2-2, THEORY
The equation of continuity describing the transport of a species through a unit volume of

porous medium is:

de,
—=-V.j +R 2-1
Y Ji T4 -1

where &/ is the change in concentration of component 7 in the unit volume with respect to time
(mol m™ s, ; is the molar flux of component i (mol m?s"), and R; is the molar source/sink of
component i (mol m> s™).

The molar flux of an ion due to an electric potential gradient is governed by the Nernst-
Planck equation that describes the diffusive flux, electromigration flux, and the convective bulk
water flux (all with units of mol m?s™") in a capillary tube. The Nemst-Planck equation has been
extended by numerous researchers (Shapiro et al., 1989; Yeung; 1990; Alshawabkeh and Acar,
1996; Jacobs and Probstein, 1996) to a porous medium by modifying the transport coefficients to

include the effects of tortuosity:
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Ji=- D,." Ve, +y,.' c;Vo+vc, (2-2)
where D," is the effective molecular diffusion coefficient of ion 7 in a porous medium (m*s™), #i'
is ion i’s effective ionic mobility in a porous medium (m’ Vs, ¢is the electrostatic potential

(V), and v is the linear pore water velocity including the effects of both electroosmotic and

hydraulic flow (m s™).

The effective diffusion coefficient in a porous medium is related to that in free-water by:
D; =D,07(f) 23
where D; is the molecular diffusion coefficient in water (m*s™), @is the volumetric moisture
content (m*> m™), and ris the tortuosity (L/L.)’, where L. is the average length of the streamlines
in a porous medium and L is the straight-line length.
Similarly, the effective ionic mobility is calculated as:

W=p0 1(0) (2-4)

where ; is the ionic mobility of ion 7 in water (m? V' §). Previous models have assumed that 4
is the same as the ionic mobility at infinite dilution. However, appropriate use of the ionic
mobility involves adjusting for the presence of other ions in the pore water solution. The method
proposed in this paper (detailed in Appendix 2-A) calculates the effective ionic mobility by
multiplying the ionic mobilify of ion 7 at infinite dilution in water, 2 , (m*> V"' s™), by the activity

coefficient as calculated by the Davies Equation:

(40.5085 zz(l_:—[—lﬁ-o.y})

where z is the valence of ion #, and I is the ionic strength (mol kg™).

gy =410 2-5)
Wolt (1994) summarized several published empirical relationships for the ionic strength
of an electrolyte solution as a function of the solution electrical conductivity. Based on Wolt’s

summary, the equation of Griffin and Jurinak (1973) appears to be the most appropriate for the
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study presented in this paper. Griffin and Jurinak modified an earlier linear relationship
developed by Ponnamperuna et. al. (1966) by: 1) including ion-pair formation in the calculation
of the actual ionic strength and, 2) extending the validity of the empirical relationship to solutions
of higher salt contents represeﬂtative of semi-arid ecosystems. They fitted a linear relationship
between the ionic strength and the electrical conductivity from a data set including 124 nver
water samples and 27 pore-water extracts with elecfrical conductivities up to 3.24 S m™;

I=0127EC, -0003 (2-6)
where EC,, is the electrical conductivity of a free solution (S m').

Mualem and Friedman (1991) presented a functional relationship between £C,, and the
electrical conductivity of the bulk soil solution, EC; (S m"). EC, is the effective electrical
conductivity of liquid phase within a porous medium including the effects of tortuosity, and cross
sectional area of the liquid phase. See Appendix 2-B for details of the Mualem and Friedman
model. Solving Mualem and Friedman’s Eq. 27 (1991, p. 2773) for EC,, provides:

EC, = _BG -7

F(A) (®)n+2
©).a
where the effective moisture content, ©, is represented by:
O=0-6 (2-8)

F(A) and n are fitting parameters derived from the EC, versus © data, and 6 (m® m?) is
the immobile water content along the soil solid surface ét which there is no ion flow through the
bulk water. &, has been assumed to be equal to the residual moisture content (Mualem and
Friedman, 1991) or zero (Kelly and Kalinski, 1993).

Tortuosity as a function of moisture content was also calculated from the conceptual
model proposed by Mualem and Friedman (1991). Appendix 2-B contains a detailed explanation

of the tortuosity function:
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F(/l) (G))n+l

©)..

Most researchers (Mattson and Lindgren, 1994; Jacobs and Probstein, 1996;

r (0)= (2-9)

Alshawabkeh and Acar, 1996) agree that electromigration is the dominant transport mechanism

of ionic species under the influence of an electric potential gradient. The sandy soil used in this
study exhibits little electroosmosis flow, even when saturated. Furthermore, the hydraulic
conductivity decreases rapidly as the water content of a coarse-grained soil decreases. Therefore, -
the advective term on the right hand side of Eq. (2-2) is neglected for this study, simplifying the

transport equation for porous media to:
Ji== D: Ve, +'u; ¢ Ve » (2-10)
Finally, substituting Eq. (2-10) into Eq. (2-1) results in the governing electrokinetic

transport equation:

5= V(- D Ve, + 4 ¢, V) + R, (2-11)

Equation 2-11 is numerically difficult to solve because it is written in terms of both concentration
and electric potential gradients. Previous researchers (eg., Shapiro, 1989; Lindgren et al., 1995,
Alshawabkeh and Acar, 1996) used a relationship called the current equation where the current
within a soil pore is defined as the sum of the individual ion fluxes multiplied by their valance
and Faraday’s constant. The difficulty with this numerical approach lies in determining the
potential field due to each ion’s flux in the system. The solution requires very small time steps to
reach numerical stability [e.g., the Shapiro et al. (1989) model], resulting in a numerically
intensive solution.

Our approach assumed the electric potential field was constant with respect to time. This
approach de-couples the electric potential gradient and the ion concentrations allowing a much
simpler solution scheme. The electric potential gradient was solved from a macroscopic

viewpoint by incorporating the relationships of Ohm’s Law in an existing groundwater flow code.
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2-3. NUMERICAL DEVELOPMENT

The numerical description of ion transport by an electric potential gradient begins with
the assumption that the flow lines of ions under an electric potential gradient in soil are the same
as the flow lines of water molecules due to a hydraulic potential. The governing equation for

water flow is:

oh
(K, VH) -Ww=82" 2-12
V(K Vh) = (2-12)

where Kj; is the hydraulic conductivity in the principle directions of flow (m s), his the
hydraulic head (m), W is the volumetric flux rate per volume (s") representing sources and sinks,

and S, is the specific storage (m™). The form ofEq. (2-12) is similar to that for current flow:

v-(EC, V4) ~J; =0 (2-13)

where EC, ; is the apparent electrical conductivity of the soil in the principle directions (S m™),
and Jr is the applied current at an electrode. The apparent electrical conductivity is that measured
through a soil medium and is equal to the summation of the electrical conductivity through the
pore water and the electrical conductivity along the soil.

This direct analogy between groundwater flow and ion flow prompted the application of
an existing USGS three-dimensional groundwater flow model, MODFLOW (McDonald and
Harbaugh, 1988), to solve for the electric potential gradient (Eq. 2-13) and an existing solute
transport model, MT3D (Zheng, 1990) to solve the continuity equation (Eq. 2-1).

The original MODFLOW simulates groundwater ﬂon using a block-centered finite
difference approach. The flow model interface module, LKMT (Zheng, 1990), links output from
MODFLOW and transfers it as input to MT3D. Specifically, Zheng’s LKMT module sends the
hydraulic heads, flux of groundwater across each cell face, and the locations and flow rates of the

sources and sinks to MT3D. MT3D was then used to solve the continuity equation (Eq. 2-1).
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MT3D simulates advection, dispersion, and chemical reactions of dissolved constituents in
ground-water systems (Zheng, 1990), using the upstream finite difference method.

The electromigration transport model used the existing USGS models to calculate the
electric potential and ion transport due to a electric potential field. Electrical parameters of the
soil properties replaced the analogous groundwater flow parameters to obtain the electric
potential field. Table 2-1 shows the electromigration transport model parameters that were used
as input for the MODFLOW code to calculate the electric potential field.

Several modifications were required before MODFLOW and LKMT code modules could
be used to simulate ion transport under the influence of an electric potential gradient. LKMT was
modificd such that the electric potential gradient, the equivalent Darcy ion flux across each cell
face, and the location and current flow rate of the electrical source and sinks were generated by
MODFLOW to be used as input to the MT3D calculations. MODFLOW was modified by adding
additional input and output blocks to module BCF1.FOR. The additional blocks included
transport properties of the ion of interest and soil electrical properties (Table 2-2). In addition,
the X-array size was increased in module BAS1.FOR to allow the new clectromigration transport
model input parameters to be stored. Finally, LKMT.INC was changed to read the additional
electromigration transport model input parameters from the BCF .dat input file. Appendix A
contains a list of the FORTRAN code modifications made to the above MODFLOW modules.
No code modifications were required for the MT3D transport model.

To conduct an electromigration model run, first Eq. (2-13) was solved to calculate the
electric potential field throughout the model domain. Next, the effective ionic mobility was
calculated using Egs. (2-4) through (2-9), adjusting the ionic mobility for concentration and
tortuosity effects. The advective ion velocity (viy, m s) through each cell face was calculated
using the electric potential gradient as calculated by:

o d
Vi =M ;’-;i (2-14)
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where \;,;4 is the velocity of ion i across a cell face (m s™), and d@/dx; is the electric potential
gradient (V m™) across the cell face. The equivalent Darcy ion velocity was calculated by
multiplying Eq. (2-14) by the cross-sectional area of the cell face. Finally, in MT3D the
equivalent Darcy velocity was multiplied by the cell concentration to determine the
electromigration flux (the second term on the right-hand-side of Eq. (2-10)). The diffusional flux

was calculated in MT3D as described by Zheng (1990).

2-4. LABORATORY EXPERIMENTS
One-dimensional laboratory experiments were conducted to examine electromigration
anion transport as a function of moisture content. The soil was chemically equilibrated with a
0.005 M CaCl, solution in an attempt to have a known pore water ¢lectrical conductivity value.
Laboratory experiments were conducted in test cells under uniform moisture content conditions
. ranging from 9.5 to 37.5% (m’ m™) (approximately 25 to 100% saturation). Each experiment was

operated for a period of approximately 24 hours at a constant applied current of 10 mA.

2-4.1 Materials and Methods
Soil for the experiments was obtained from alluvial surface sediments collected at Sandia

National Laboratories in Albuquerque, New Mexico. The soil was composed of Quaternary
granitic alluvium contained pedogenic calcite and clasts of limestone. Primary mineralogic
constituents included quartz, potassium-feldspar, gypsum, and calcium carbonate; the calcareous
components comprised approximately 10 weight percent of the soil (Persaud and Wierenga,
1982).

| In preparation for the laboratory experiments, the soil was wet-sieved to retain the 150 to
300 um diameter fraction, then soaked in successive aliquots of a 0.005 M CaCl, solution until
the electrical conductivity of the supernatant stabilized to approximately 0.12 § m™. At this time

it was assumed that the soil sorption sites were in equilibrium with the CaCl, solution. To
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prevent CaCl, precipitation that would have occurred by oven drying the sample, the soil was then
dewatered in a pressure plate apparatus at approximately 6 bars, reducing the moisture content to
approximately 4 wt %. Prior to packing the test cell, additional 0.005 M CaCl, solution was
added to the dewatered soil until the desired moisture content was obtained. Moisture content of
the soil was determined by microwave-drying a representative subsample following ASTM
Method 4643 (ASTM, 1993). This preparation method provided a soil at a known moisture
content and pore-water electrical conductivity for the laboratory experiments.

Independent measurements of the physical and electrical properties of the soil and pore
water were used to approximate 8, EC;, 8, and EC,. 6, was assumed to be the moisture content
at which there was no electrical conduction through the bulk pore water. &, had a value of 0.01 in
laboratory experiments (described below). Alternatively, & could have been estimated from
moisture retention data (i.e., & at 15 bars) as suggested by others (Mualem and Friedman, 1991;
Kelly and Kalinski, 1993).

EC,, the electrical conductivity of the matrix surface (S m™), was calculated following the
procedure outlined by Rhoades et al. (1976). Different values of £C, were measured on
laboratory soil samples using pore waters of varying EC,, at a moisture content of 10 weight
percent. The EC, EC, data sct was regressed to find the intercept. The intercept, where EC,,
equals zero, was assumed to represent the soil surface electrical conductivity (Rhoades et al.,

1976). Using this method, the surface conductivity was estimated to be 2.8x 10° Sm'.

The measured 6, for the alluvial sand was 0.375 m* m™. The EC,, in the dye experiment
(described below) was assumed to be equal to that of the synthetic ground water used to prepare
the soil (0.12 Sm™).

The experiment test cell was constructed of clear acrylic with internal dimensions of 15.2
cm x 25.2 cm x 1.9-cm. Graphite rods (Ultra Carbon, Inc.), 1.9 x 1.9-cm’ by 15.2-cm long, were

placed at cach end of the test cell to act as electrodes (Figure 2-1).
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The test cells were packed with the prepared soil usinga 1.2 x 10*kg (12-ton) hydraulic
press. A single lift of soil was spread evenly along the bottom of the test cell and covered with a
1.2-cm thick by 15.2-cm x 21.4-cm steel plate. The steel plate was used to distribute the force of
the hydraulic piston evenly ac'ross the soil. The soil was compacted using the maximum force of
the hydraulic press. The resulting dry bulk densities ranged from 1.45to 1.6 g cm”, depending
on the moisture content during packing. |

Next, a strip of soil spiked with 0.02 M FD&C red dye No. 40 (Warner Jenkinson
Company) was placed midway between the electrodes. Chemically, the red dye No. 40 isa
disodium salt of 6-hydroxy-5[(2-methy-4-sulfophenyl) azo-]-2-naphthalenesulfonic acid with a
molecular weight of 450, Lindgren et al. (1992) suggest that sodium ions will completely
dissociate from the sulfate groups even at low pH creating a red anionic tracer with a valance of -
2. The red dye No. 40 soil was placed in the test cell by excavating a 0.6-cm x 1.9-cm x 15.2-cm
channel midway between the electrodes. The channel was filled with spiked soil matching the
desired moisture content of the experiment. Prior to attaching the cover plate of the cell, a sheet |
of plastic wrap was placed over the soil to provide a moisture barrier, followed by a 3-mm thick
closed-cell styrofoam sheet to prevent the soil from shifting. The test cell was onentated
horizontally as illustrated in Figure 2-1 to allow clear visual access to the soil and spiked dye strip
and to minimize pore water redistribution due to gravity.

An experiment was conducted by applying an electric potential to the electrodes located
at each end of the cell. A 10-mA current was applied for up to 24 h across the graphite
electrodes, which were connected to a programmable power supply (Fisher Scientific, Model
FB701). The applied voltage and current were recorded hourly with a Fluke Model 45
multimeter. Photographs were taken at 1-h intervals to record the location of the red dye No. 40
within the test cell. When the electric potential application was stopped, a strip of soil through
the middle portion of the test cell extending from the anode to the cathode was removed, sub-

sampled at 1- to 2-cm increments, and analyzed for moisture content and pH (2 to 1 soil water
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extract). The average moisture content of the soil samples was used to define the moisture

content of that experiment.

2-4.2 Results

The velocity of the leading edge of the red dye over time was determined by analyzing
photographs of the test cell for each laboratory experiment. The leading edge of the red dye No.
40 was visually located in each photograph to determine the migration distance the dye had
traveled. An example of leading edge dye position as a function of time for the 9.5% moisture
content experiment is presented in Figure 2-2. The dye position showed a nearly linear
progression across the test cell throughout the experiment. For each experiment, the measured
dye velocity was calculated from the linear regression of the dye location versus time. The dye
transport velocity was quite constant throughout the experiment duration, as indicated by the high
R? values (Table 2-3).

Ion transport is proportional to the electric potential gradient (Eq. 2-14). The linear
progression of the leading edge of the red dye No. 40 across the cell suggests that the electric
potential field was constant with respect to time. Electrolysis reactions that produce H' ions at
the anode and OH' ions at the cathodes would be expected to alter the electric potential gradient.
The buffering capacity of the soil resulting from the high carbonate content likely retarded
hydrogen transport from the anode to the dye transport region, resulting in a constant voltage
field. This assertion is supported by uniform pH of the soil samples measured across the test cell
in post-test pore-water extracts.

Electrode reactions had little effect on moisture content and pH in the dye transport
region. Figure 2-3 shows a post-test analysis of soil for the 9.5% moisture content experiment.
Moisture content and pH were generally constant except for the soil immediately adjacent to the
electrodes. The high moisture content in the middle of the experiment likely represents a

deviation due to the addition of the dye spike. Hydrogen ion production is indicated by the lower
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pH values adjacent to the anode while hydroxyl ion production is indicated by higher pH values
at the cathode. The low moisture content at the anode suggests limited electroosmosis transport
of water towards the cathode. However, within the dye transport region, analysis of post-test soil
samples indicated moisture contents within + 1% (m* m®) and pH values within 0.3 units of the
initial values.

The anionic dye was transported by electromigration in the direction opposite to the
electroosmotic flow, an indication that electromigration of charged ions was the dominant
transport process in this unsaturated sandy soil. This behavior supports the theoretical prediction

of Mattson and Lindgren (1994).

2-5, ELECTROMIGRATION TRANSPORT MODEL TESTING

To test the electromigration transport model, one-dimensional numerical simulations of
the laboratory experiments were performed to predict the red dye No. 40 electromigration
transport rate. The laboratory test set-up was discritized into 2100 cells, each 1 x 10™*-m long.
The first and last cells of the model dorﬁain were designated to be the anode and cathode,
respectively. For the MODFLOW simulations, the electrodes were assumed to be a constant flux
source or sink. The anode “injected” a constant 10 mA while the cathode was “pumped” 10 mA.
In addition, the cathode voltage was assumed equal to zero volts. During MT3D transport
simulations, béth electrodes were assumed to be zero concentration boundaries. A 20 mol m”
dye concentration was assigned to the dye strip (cells 951 to 1050) matching the experimental
initial conditions. The remaining cells were assigned an initial dye concentration of zero.

Initial conditions wére assigned for the EC, and @ for the simulations. EC, was assumed
to be constant in the non-dyed soil. Within the dye region (cells 951 to 1050), EC, was assigned
a value four times that of the non-dyed soil due to the presence of both red dye No. 40 and

sodium ions.
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Measurements of the bulk ¢lectrical conductivity of the pore water, EC,, versus
©® measurements were fitted to a power curve to obtain regression parameters, F{4) and ». The
EC,y(®) data set was determined using Eq. (2-B-2) where EC, was calculated from the initial
electric potential gradient and current density for each laboratory test, and a surface electrical
conductivity value equal to 3.5x10° S m, The EC, used in this regression analysis was slightly
higher than the 2.8x10” § m™ estimated using the Rhoades et al., (1976) method on core samples.
This higher EC, was found to produce a better fit of the power curve to the experimental dye data
set due to denser soil packing in the dye experiments as compared to the soil packing in core
samples measured by the Rhoades et al., (1976) method. The EC,-® data set was fitted to a
POWET curve regression:

EC ,(®)=D(©)" (2-15)

where D and x are the fitted parameters.

Parameters F(4) and n can be calculated by noting the relationship between the power fit
regression parameters (Eq. 2-15) and the Mualem and Friedman (1991) functional relationship as
illustrated in Appendix 2-B (Eq. 2-B-7). Parameter F{4) can be calculated as:

—_— D ®Sﬂt

F(A)= 5 (2-16)

where the parameter » (in Eq. 2-B-7) is directly related to the exponent x from Eq. (2-15) by the
power fit:
n=x-2 (2-17)
The measured £EC, and € data and the regressed function (Eq. 2-15) are shown in Figure

2-4. The EC, power curve regression had an R? of 0.98. Values for F{4) and n were calculated to
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be 1.58 and 0.71 respectively. These values are close to the empirical values of 1.0 and 0.5
suggested by Mualem and Friedman (1991) for coarse-grained soils.

The ionic mobility of red dye No. 40 at infinite dilution has not been measured.
Therefore, the red dye No. 40 ionic mobility at infinite dilution was adjusted until the predicted
and observed dye velocities matched at the saturated moisture content. This dye ionic mobility
value equaled 4.41x10° m® v s and is in the range of those for other aromatic disulfonic acids

listed by Friedl et al. (1995).

2-5.2 Electromigration Transport Model Simulations

To test the electromigration transport model, one-dimensional modeling simulations were
performed to predict the dye velocity over a series of moisture contents. Figure 2-5 illustrates an
example of model results showing the dye.concentration as a function of position. Initially the
~dye (20 mol m™) was located between the electrodes in a 1-cm wide channel. After electricity
was applied, the dye was transported by electromigration toward the anode. The dye migration
front velocity was approximately four times faster than the velocity in the dye-spiked region.
This velocity difference was due to the four times higher voltage gradient in the dye-free soil as
compared to the higher conductivity dye-spiked soil. The location of the first moment of the dye
migration front after 5 h of simulated time was used to determine the migration velocity.

Predicted dye velocities matched the experimental data very well (Figure 2-6). The
electromigration transport model predictions illustrate a maximum dye migration velocity at
moisture contents less than saturation, in agreement with the measured dye velocities. The model
agrees with the measured dye transport velocities at the higher moisture contents but overpredicts
the observed dye velocities at moisture contents approaching the residual value. The over-
prediction is likely due to deviations between the fitted and measured bulk electrical conductivity
at low moisture contents, or possible significant electroosmosis effects. It is not believed that

resistive heating is responsible for the modeling prediction deviations. Significant temperature
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increases were not noted during the lower moisture content experiments. Furthermore, an
increase in temperature would result in underprediction of the dye migration rate.

The observed dye migration velocity for the laboratory experiments and the
electromigration transport model simulation results show a maximum velocity when &1is
approximately equal to 0.2 (Figure 2-6). This set of laboratory experiments was conducted psing
constant current conditions. We hypothesize that the dye velocity profile is due to two competing
effects; initially, as the moisture content decreases from saturation, the velocity inc‘;reases duetoa
decrease in the cross-sectional area available for current transport, thus increasing the current
density within the pore water. After the moisture content decreases below 0.2, the observed dye
velocities begin to decrease due to tortuosity of the pore water pathways increasing faster than the
cross-sectional area decrease.

The electromigration transport model calculated tortuosity to adjust the ionic mobility for
the more tortuous pathway of the soil medium. Tortuosity was calculated as a function of 6, F(),
n, and @,, according to Eqs. (2-8) and (2-9). The relationship of tortuosity to moisture content is
shown in Figure 2-7. At saturation (0.375 m’ m’), tortuosity was calculated to be 0.77. As the
moisture content decreases, the ion migration pathways through the pore water become much

longer.

2-6. Conclusions

A three-dimensional electromigration transport model for ion transport in unsaturated soil
was developed and tested against laboratory experiments. This model assumed the electric
potential ficld was constant with respect to time, an assumption that is valid for highly buffered
soil, or when the electrode electrolysis reactions are neutralized. The model also assumed that
advective water movement through the soil due to either electric or hydraulic potentials was

negligible. The linking code between two public domain ground water flow (MODFLOW) and
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transport (MT3D) numerical codes was modified to allow these codes to predict ion transport due
to an electric potential gradient.

The effects of pore-water ionic strength on ionic mobility were included in the
electromigration transport mod;el. Ionic mobility is a function of the concentration of ions in the
electrolyte solution (i.¢., ionic strength). Previous electrokinetic models neglected the reduction
in ionic mobility as the concentration of the pore wéter increases. Our electromigration transport
model estimated ionic strength from electrical conductivity data using an empirical equation
proposed by Griffin and Jurinak (1973). Ionic mobility reduction (approximately 64% of u “at an
EC, equal to 0.12 S m™) was estimated using the chemical activity coefficient as calculated by
the Davies equation. Although chemical activity does not exactly represent the processes that
reduce ionic mobility, it does provide an initial estimate of ionic mobility as a function of ionic
strength. More studies are needed to better predict ionic mobility in multi-component solutions.

Tortuosity and apparent electrical conductivity functions required as input to the
electromigration transport model were developed from the model of Mualum and Friedman
(1991). Their model assumes that the electrical conductivity of the bulk solution can be
calculated using Mualem’s (1976) closed form solution. Bulk electrical conductivity of the pore
water versus effective moisture content measurements were fitted to a power function to obtain
the regression parameters necessary to calculate the apparent electrical conductivity and
tortuosity functionality relationships to moisture content.

Anionic dye migration velocities were measured at various moisture contents in
laboratory experiments under constant electrical current conditions. The velocities predicted by
the electromigration transport model were in agreement with laboratory experimental results.
Both the laboratory-measured and the model-predicted dye results indicated a maximum transport
velocity at a moisture content less than saturation due to competing effects between current

density and tortuosity.
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This electromigration transport model is believed to be the first to describe electrically
induced ion transport through variably saturated soil. Although anions were used in this study,
the model could also be used to predict the transport of cations and colloids in the bulk pore water
due to an electric potential gradient, However, the model does not account for electromigration
transport of cations located in the double layer. For soils exhibiting a low zeta potential such as
the Sandia soil, neglecting electromigration transport of cations in the double layer is acceptable.
Additional experimental data sets are required to test the applicability of this model to other soil

types, different electrode geometries, and other ions or colloids.

APPENDIX 2-A: IONIC MOBILITY DEPENDENCE ON CONCENTRATION

There is currently a need to obtain effective ionic mobilities for mulﬁ—component
solutions in porous media (Alshawabkeh and Acar, 1996, Yeung and Menon, 1997). Previous
electrokinetic models neglected ionic mobility reduction as a function of increasing ionic
strength. Using ion mobilities derived at infinite dilution will over-predict the electromigration
transport rate.

Kohlrausch was the first to recognize that the equivalent conductivity, A (S m’ eq’)
decreases as the solution concentration increases. The equivalent conductivity is the electrical
conductivity of the solution, EC,, (S m’') normalized by the solution concentration in equivalents,
Ceq (éq m™): Kohlrausch developed an empirical relationship between the equivalent conductivity
and the square root of the concentration in equivalents, c.,, (€q m") that became known as
Kohlrausch’s Law (Bockris and Reddy, 1973), a relationship that is valid for solutions with

concentrations up to about 0.01 N:

A=N-F cjf (2-A-1)

where A° is the equivalent conductivity at infinite dilution and E is an empirical constant.
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Furthermore, the equivalent conductivity is related to Faraday’s constant ,F (96,500 C mol) and

the sum of the ion mobilities:
A=FY (u;) (2-A-2)

where subscript / represents all of the ions in the solution. It follows that an individual 1on’s ionic
mobility also follows the relationship described by Eq. (2-A-1):

p=p -Ec’ (2-A-3)
wﬁere E ' is an empirical constant.

The rate of electromigration of cations and anions decreases as the ions interact with each
other. Although Kohlrausch documented a linear relationship between equivalent electrical
conductivity and the square root of the equivalent solution concentration, the slope of the
relationship [E in Eq. (2-A-1)] depended on the particular set of anions and cations. This species

dependence is described by the Debye-Huckel-Onsagar (DHO) Equation (Bockris and Reddy’s
Equation 4.294, [1973]):

A=A°—(4+BA°)c" C(2-A4)
where 4 and B are constants dependent on the valences of the ion pair. However, the DHO
Equation is only valid for dilute electrolyte solutions (<0.001 N) derived from a single salt. In
contrast, soil pore water is composed of multiple ions and is typically at higher concentrations
than described by for the DHO Equation.

Due to the limitations of using the DHO Equation to describe the ionic mobility for the
presence of other ions in solution, the approch taken in this study adjusted the 1onic mobility
using the chemical activity coeffcient calculated from the ionic strength, using the Davies

equation :

[‘.5035 22[1 :/7‘/7—31)]

p=p 10 (2-A-5)
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where 2’ is the ionic mobility at infinite dilution (m?v's™), z is the ion’s valance (-), and / is the
ionic strength of the solution (mol kg'"). This approach stems from the fact that an ion’s mobility
depends on the Debye-Huckel reciprocal length, y, Bockris and Reddy, 1973. Furthermore, % is a
function of the square root of the ionic strength. Using the ionic strength rather than individual
ions to adjust the ionic mobility has the advantage of examining electrolyte solutions composed
of multiple ions rather than a single salt species as examined by the DHO Equation. The
contaminant ionic mobility can be estimated by multiplying the ionic mobility at infinite dilution

by its activity coefficient.

An example of the concentration effects for a copper sulfate solution is illustrated in
Figure 2-A-1. At ionic strenghts of 0.10 mol I the effective equivalent electrical conductivity is
reduced by over 50% due to the greater interaction of ions in the solution. Equivalent electrical
conductivity calculated by Eq. (2-A-5), although not exact, follows the copper sulfate data set
well. Eq. (2-A-5) slightly under predicts the normalized equivalent electrical conductivity data
set but captures the general nature of the reduction of the equivalent electrical conductivity as a

function of ionic strength.

APPENDIX 2-B: TORTUOSITY

Transforming the governing transport equation (2-11) from a pure liquid solution to a
porous medium requirés accounting for the tortuous path through the porous medium and a
reduced cross-sectional area available for ion transport. The approach taken in this study
assumed that electrical current flows through a soil along two parallel conductors; one conductor
is the bulk pore water while the second conductor is along the soil surface. The sum of these two
conductivities equals the apparent electrical conductivity (EC,), which is the electrical
conductivity of the soil measured by resistivity techniques. Several researchers (Dutt and

Anderson, 1964; Rhoades et al., 1976, Mualem and Friedman, 1991) have related the apparent
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soil electrical conductivity to the pore water electrical conductivity and the surface electrical
conductivity using the relationship:

EC, = f(Q)EC, + EC, (2-B-1)
where EC, is the apparent electrical conductivity (S m™), /{8 is a geometric factor that accounts
for the reduced cross-sectional area for current flow as well as the more tortuous pathway the ions
follow in a porous medium, and EC; is the electrical conductivity of the matrix surface (Sm™). In
order to be able to evaluate tortuosity, it is useful to define the electrical conductivity of the bulk
soil solution ECs, as the measured electrical conductivity minus that portion carried by the soil
surface:

EC, = EC, - EC, (2-B-2)
Furthermore, EC} is related to the electrical conductivity of the pore water as a free solution, EC,,
adjusted by the effects of the reduced cross-sectional area and increased tortuosity due to the

“presence of the soil. Substituting Eq. (2-B-1) into Eq. (2-B-2) relates ECyt0 EC,.
EC, = f(OEC, (2-B-3)
Numerous researchers (Archie, 1942; Rhoades et al., 1976; 1989) have developed

relationships to represent f{§) for both saturated and unsaturated media. We used the method of
Mualem and Friedman (1991) which assumes the area immediately adjacent to the solid surface is
not available for ion migration and therefore an effective cross-sectional moisture content, © (m’
m™), Eq. (2-8) must be used to calculate the f{§) of Eq. (2-B-1). Using the effective moisture
content approach, Eq. (2-B-3) becomes Mualum and Friedman’s Equation 16, (1991, p. 2772):

EC,(®)=F,(®) O EC, (2-B-4)
where F5(®) is the geometry factor that accounts for the variable cross-sectional area of the pore
water and the longer travel path through the soil.

Mualum (1976) used an analogous approach to solve Eq. (2-B-4) in order to develop a

relationship between hydraulic conductivity and moisture content. Assuming that the moisture
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retention curve can be approximated by a power function relationship, EC, is related to EC, as in

Mualem and Friedman’s Equation 27 (1991, p. 2773):

n+2

EC,(0) = F(/l)®

5 EC. (2-B-5)

sat
where F(4) and » are functions of the soil moisture retention curve power fit.

Equation 2-B-4 is similar in form to Eq. (2-B-3) in as much as the geometry factors are
related. The geometry factor, f{6), of Eq. (2-B-3), accounts for both tortuosity and- reduced cross-
section area. The geometry factor, Fy, from Eq. (2-B-4) accounts solely for the long travel
pathways through the soil since ®, (Eq. 2-B-4) accounts for the reduced cross-sectional area for
current flow. Therefore, F; describes the tortuosity, 7, (Eqgs. 2-3 and 2-4) for an ion migrating
through a porous media:

7 (6)=F;(O) | (2-B-6)

To calculate the tortuosity as a function of moisture content, we made use of the
parameters relating £Cy, to EC,, in Egs. (2-B-3) and (2-B-5) and solved for 7 using Eq. (2-B-6):

F(ﬂz) ®n+l

T (B= 5

(2-B-7)

sat
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Table 2-1. Electromigration Transport Model Parameters Substituted for Conventional
MODFLOW Groundwater Flow Parameters

Electromigration Transport Parameter Hydraulic Parameter

Input
Apparent Electrical Conductivity, EC, (S m?) Saturated Hydraulic Conductivity, K (m s™)

Current at Electrode, O (Cs™) Pumping Rate, W (m’s™)

Qutput

Voltage, ¥ (V) Hydraulic Head, A (m)
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Table 2-2. Parameters Required for the Electromigration Transport Model added to MODFLOW
Input Blocks

Additional MODFLOW Input Parameters

Tonic Mobility at Infinite Dilution, g, (m* v' s
Ion Valance, z (-)
Electrical Conductivity of Soil Surface, EC, (Sm™)

Constants to Calculate Ionic Strength, [Eq. (2-6): 0.127 and ~0.003]
Moisture Content, &(m’ m™)

Saturated Moisture Content, 6, (m’ m”)

Moisture Content where EC, = EC,, 8, (m® m™)

Fitting Parameters to EC(®) Function, [F{4) and » of Eqgs. (2-7) and (2-8)].
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Table 2-3. Mean Red Dye No. 40 Velocity as a Function of Water Content. Numbers in
Parentheses are the 95% Confidence Limits

6 Mean Dye Velocity R’

(m® m” %) (cm hr')
95 0.46 (£0.08) 0.97
13.5 0.62 (£0.11) 0.96
24.5 0.91 (+0.14) 0.97
29.0 0.89 (+0.08) 1.00

375 0.75 (£0.03) 1.00
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Figure 2-1. Laboratory test cell apparatus used to determine red dye No. 40 electromigration

transport velocities.
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Figure 2-2. Laboratory observations of the leading-edge dye location from the spiked dye strip as
a function of time. Line represents the linear regression of the data set.
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Figure 2-3. Laboratory analysis of moisture content (diamonds) and pH of 1:2 soil-water extracts
(squares) from post-test soil samples take from the 9.5% moisture experiment after 24 hours of

applied electricity.



2-35

0.04

0.035 -

0.03 4

0.025 A

0.02

EC, (Sm')

0.015 4

0.01

0.005 -

o] ‘ T T
0 0.1 0.2 0.3 04

8 (m*mY)
Figure 2-4. Electrical conductivity of the bulk pore water as a function of volumetric moisture
content. Laboratory data represented by crosses. Solid line represents fitted Mualem and
Friedman (1991) continuous function.
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Figure 2-6. Observed and predicted transport velocities of red dye No. 40. Points represent

observed electromigration velocities with 95% confidence intervals as determined from dye

location versus time regression analysis. The solid line represents velocities predicted by the
numerical model.
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Figure 2-7. Tortuosity as a function of moisture content as calculated by Eq. (2-9) for the
laboratory experiments.
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Figure 2-A-1. Normalized equivalent clectrical conductivity of CuS0* as a function of ionic
strength, Diamonds represent data obtained from the CRC (1970, Table 3-36), solid line
represents chemical activity coefficient adjustment to the equivalent electrical conductivity at
infinite dilution.
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ABSTRACT

Results of a field demonstration of electrokinetic transport of acetate through an
unsaturated heterogeneous soil are compared to numerical modeling predictions. The numerical
model was based on the groundwater flow and transport codes MODFLOW and MT3D modified
to account for electrically induced ion transport. The six-month field demonstration was
conducted in an unsaturated layered soil profile where the soil moisture content ranged from 4 to
28 % (m®> m™). Specially designed ceramic-cased electrodes maintained a steady-state moisture
content and electric potential field between the electrodes during the field demonstration.
Acetate, a b)pfoduct of acetic acid neutralization of the cathode electrolysis reaction, was
transported from the cathode to the anode by electromigration. Field demonstration results
indicated preferential transport of acetate through soil layers exhibiting higher moisture
content/electrical conductiﬁty. These field transport results agree with theoretical predictions
that electromigration velocity is proportional to a power function of the effective moisture
content. A numerical model using a homogeneous moisture content/electrical conductivity
domain did not adequately predict the acetate field results. Numerical model predictions using a

three-layer electrical conductivity/moisture content profile agreed qualitatively with the observed
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acetate distribution. These results suggest that field heterogeneities must be incorporated into

electrokinetic models to predict ion transport at the ficld-scale.

3-1. INTRODUCTION

Multi-dimensional electrokinetic transport models have not been applied to large-scale
field experiments. The application problem appears to lie with the numerical intensity of solving
the electrokinetic transport equation coupled with the current equation (Mattson et al., 1999a).
For example, the two-dimensional finite element electrokinetic transport model described by
Jacobs and Probstein (1996) was used to simulate phenol removal in a laboratory experiment in
which the electrodes were 12 cm apart. This numerical model required 1172 elements (Jacobs,
1995). It is not practical to apply a model requiring this density of elements to field-scale
situations where the electrodes are meters apart.

Monsanto (1996) applied a one-dimensional transport model to predict trichloroethylene
removal at a field demonstration where the electrodes were 3 m apart. Homogeneous soil
parameters were assumed. Modeling results indicated that although the electrolysis reactions at
the electrodes produced hydrogen and hydroxyl ions, the buffering capacity of the soil and
electric current transport in the double layer resulted in a very uniform electric field with time.
These modeling results were confirmed by field observations that measured the electric field at
the Lasagna demonstration. Nonuniformities of the observed electric field were attributed to soil
heterogeneity rather than the redistribution of ions by electromigration (Monsanto, 1996).

To incorporate multi-dimensionality and spatial variability of soil properties in an
electrokinetic transport model, Mattson et al. (1999a) modified the linking program between
MODFLOW (McDonald and Harbaugh, 1988) and MT3D (Zheng, 1990) to account for the
electromigration of ions in heterogeneous soil. This model is applicable to saturated/unsaturated
soils if the electric potential field is constant with respect to time. The constant electric potential

field assumption greatly simplifies the numerical solution, and therefore allows multi-
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dimensional models of large-scale problems that account for variable moisture content effects on

electromigration transport.

Transfer of electric current from an electrode to an electrolytic fluid involves the
oxidation or reduction of the fluid or an ion within the fluid. For water, the reduction reaction at
the cathode is:

4H,0+4e” - 40H +2H, (3-1)

Similarly, the oxidation reaction at the anode 1s:

2H,0-4e” - 4H +0,7T (3-2)

Researchers (c.g., Acar et al., 1991) who have not neutralized these electrode reactions
* have reported pH values adjacent to anodes and cathodes of 1-4 and 10-13, respectively.

Changes in the pH of the pore water can geochemically alter the electrokinetic transport processes
(Probstein and Hicks, 1993; Yeung and Détla, 1995; Alshawabkeh and Acar, 1996, Monsanto,

1 1996). By neutralizing the electrode reactions, the processes that hinder electromigration can be
minimized. Acetic acid may be used to neutralize hydroxyl generated at the cathode, resulting in
the production of acetate ions:

OH +C,H,0, > H,0+C,H,0,” (3-3)

An electrokinetic field demonstration was conducted beneath an unlined chromic acid
disposal trench in the southwest corner of the Chemical Waste Landfill at Sandia National
Laboratories, Albuquerque, New Mexico. The size of the demonstration was approximately 4-m
x 4-m x 5-m deep. The purpose of this demonstration was to extract chromate from unsaturated
soil by electromigration. Lindgren et él. (1998) described the chromate removal portion of the
field demonstration in detail. This paper focuses on the southern portion of the field
demonstration that included two phases of electrokinetic tests. Each phase tested a different
electrode configuration. The southern portion of the field demonstration was chosen because

acetic acid was used as a hydroxyl-neutralizing agent at the cathodes during Phase 1. The acetate
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anions transported by electromigration from the cathodes to the anodes were used to trace
electromigration pathways through this heterogeneous soil. Acetate concentrations measured at
the end of the field demonstration were compared to numerical model predictions for a layered

and a homogencous system using the Mattson et al. (1999a) electromigration transport model.

3-2. FIELD METHODS
3-2.1 Site Characterization

The near-surface geology at the field demonstration site is heterogeneous in nature,
consisting of alluvial fan deposits interspersed with eolian deposits. The deposits consist of
intercalated fine- to coarse-grained, well- to poorly-sorted sands, gravels, and cobbles that are
typically composed of unconsolidated to poorly cemented, sub-rounded to sub-angular fragments
- of granite, limestone, and quartzite. Caliche cement and grain coatings act as the primary means
of formation induration when present. Little organic matter (0 to 0.2%) was measured in soil
samples taken from the site (Persaud and Wierenga, 1982). This soil was the same as used by
Mattson et al. (1999a) except that the less than 200 mesh particles were discarded during
laboratory experimentation of dye migration.

Surface geophysical surveys were conducted over the field demonstration site to ¢valuate
its suitability for electrokinetic treatment. A survey for metallic debris was made using a
GeoMetric G-858 cesium vapor magnetometer and a Geonics EM-61 high-precision metal
locator. Metallic objects are detrimental to electrokinetics due to their conductive nature that
allows short-circuiting of electric current through the soil. The average soil conductivity was
measured by an clectromagnetic (inductive) technique using a Geonics EM-31.

Soil electrical conductivity depth profiling was accomplished using a Geoprobe ¢lectrical
conductivity probe. This probe has the advantage of measuring the soil conductivity at discrete
points whereas the Geonics EM-31 measures an average soil conductivity from the surface to a

depth of 6 m. The electrical conductivity probe consists of a slightly tapered tip that contains four
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electrically isolated stainless steel rings. A 150-Hz AC sine wave was applied to the two outer
electrodes using a Tektronix FG 502 Function Generator. Both the current applied to the outer
rings and the resulting electric potential between the two inner rings were measured by dual Fluke
25 multimeters. The ratio of 'die applied current to the measured electric potential is proportional
to the soil electrical conductivity.

Soil samples were collected using a Geopfobe large-bore soil sampler before and after the
field demonstration to measure the moisture content, pH, and electrical conductivity. Post-test
soil sample analysis also included acetate concentration. The large-bore sampler is
approximately 60-cm long and contains a 2.5-cm ID plastic sampling slecve. Following sample
retrieval, soil samples were homogenized in a stainless steel bowl, then split into two fractions.
The first fraction of the soil was oven-dried 105° for 24 h to determine moisture content. These
gravimetric moisture contents were converted to volumetric moisture content with an assumed
soil bulk density of 1.8-g cm™.

Soil-water extracts (1:2) were obtained from the second fraction by following a method
similar to that described by Rhoades (1982). Moist soil samples (approximately 10 g) were
placed in centrifuge tubes with enough deionized water to provide a 1:2 ratio of soil to water as
determined by the first fraction moisture content. After shaking for two hours and settling
overnight (approximately 15-20 h), the aqueous extracts were separated from the soil by
centrifuging. Electrical conductivities of the extracts were measured prior to acetate chemical
analyses. Acetate concentrations were measured by ion chromatography (Dionex model 4000)
with an AS-11 column. Acetate detection limits were 1 mg L' by weight in soil (Lindgren et al.,

1998).

3-2.2 Experimental Equipment
The portion of the field demonstration discussed in this paper contained three rows of

five electrodes spaced in a grid at approximately 0.91-m intervals (Figure 3-1). There were two
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rows of cathodes (one for each phase of the southern portion of the field demonstration) plus a
single row of anodes that were used during both phases of the demonstration.

The anodes and cathodes used during Phase 1 of testing were contained in porous
ceramic casings and had a more sophisticated operating system than the cathodes used during
Phase 2. The ceramic casing provided a method to add/remove soil water, buffer the electrolysis
reactions, and remove ions transported into the casings through electromigration (Lindgren and
Mattson, 1995). These electrode casings were constructed from two 0.91-m-long ceramic tube
sections (Coors® ceramic PC3 material) topped with a 2.4-m-long section of schedule 40 PVC
pipe and fittings (Figure 3-2a). A metallic electrode (copper at the cathode or iridium-coated
titanium at the anode) was placed inside the electrode casing and water was added to a level
above the ceramic/PVC interface. A 47-KPa vacuum was applied to the heédspace above the
water to control the hydraulic flux leaving the electrode casing.

The ceramic used in the anode casing was treated with hexadecyltrimethylammonium
(HDTMA) to prevent electroosmotic water transport of water out of the casing. The treatment
process formed a HDTMA bilayer on the ceramic surface, reversing the zeta potential. Thus, the
clectroosmotic flow through the HDTMA-treated ceramic at the anode was from the soil into the
casing, as discussed in detail by Mattson et al. (1999b). Cathode ceramic casings were not treated
with HDTMA.

The ceramic-cased anodes and Phase 1 cathodes were installed using a method similar to
that used to install suction lysimeters (Rhoades and Oster, 1986). First, uncased boreholes were
drilled with a 15-cm diameter hollow-stem auger rig. The electrode casings were placed in the
boreholes and backfilled with a native soil slurry mixture as illustrated in Figure 3-2a. The
ceramic portions of the electrode casings were located 2.4 to 4.3 m below land surface (BLS).

A circulation system was employed to monitor the liquid pH condition in the electrode, to
cool the liquid in the electrode, and to sample and remove liquid from the electrode (Figure 3-3).

A QED® P1101S bladder pump contained in the ceramic electrode casing powered the water-
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circulation system. This system resulted in recycle flow rates of approximately 4 L min'..
Lindgren et al. (1998) describes the electrode equipment and operation in detatil.

Due to resistive heating of the water in the electrode and the surrounding soil, the water
in the electrode casing was cooled by an ITT Bell & Gossett BP Honeycomb' heat exchanger
(Model 410-30 for cathodes and Model 410-40 for aﬁodes). Remcor® (Model CH-3002-A)
chillers circulated deionized water at approximately 6 °C atarate of 6 L min’ to each heat
exchanger to remove the excess heat. This cooling system maintained the water temperature in
the electrode casings at approximately 8 to 10 °C.

The water level in the electrode casings was maintained above the ceramic/PVC interface
with a set of reed-type water-level float switches (Flowline® Model LV10 series). The switches
were spaced approximately 15 ¢cm apart. A dual-float switch controller (Levelite® Model GLL
100000) opened and closed an influent solenoid valve to allow water to enter the electrode.
Separate 1000-L storage tanks (one for the anodes and one for the cathodes) contained the
influent water source;, these tanks were monitored for water use.

Water was removed from the electrode casings by effluent batch controllers (Signet®
9020 Intelek-Pro® Batch Controller). These controllers redirected user-specified volumes of the
circulating water (0.1 to 0.5 L) at 30-min intervals to effluent barrels.

A series of pH .sensors, transmitters, controllers, and chemical feed pumps monitored and
controlled the pH of the fluid in the electrode casings (Figure 3-3). A Cole-Parmer® (Model
27001-97) pH electrode monitored the pH of the circulation water and emitted a signal that was
converted to a milliamp signal by a Jenco® (Model 695PH) current transmitter. A Signet” 9030
pH controller converted this signal and emitted a pulse signal controlling the pumping rate of a
ProMinent® (Model G/4a) chemical feed pump. These pumps were fed either 10 wt% NaOH to

control the pH in the anodes or 20 wt% acetic acid to control the Phase 1 cathode pH. A 207-kPa
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stainless steel pressure relief valve provided adequate backpressure of the neutralization solution
to prevent siphoning of the solution into the ¢electrode.

Phase 2 cathodes, located between the Phase 1 cathodes and the anodes (Figure 3-1),
were constructed of copper pipes placed directly in the ground. One and a half-meter by 1.9-cm
OD copper pipes were installed between 2.4 and 4.2 m BLS in 3.8-cm diameter hydraulically
punched holes. The holes were backfilled in the same manner as the holes for the porous ceramic
casings (Figure 3-2b). Water addition/removal, electrolysis reaction neutralization, and ion
removal systems were not included in the Phase 2 cathodes.

Pairs of anode and cathode electrodes were energized by 10-kW power supplies
(Sorensen® Model DTR-600-16T). Each power supply was capable of outputting 16 A at 600 A"

DC. The power supplies were operated under constant voltage conditions.

3-2.3 Experimental Methodology

During Phase 1 of the ficld demonstfation a 109-V electric potential was applied between
the anode and Phase 1 cathode electrodes for 1246 hours. Acetic acid (at the cathode) or sodium
hydroxide (at the anode) was added to the ceramic casings to neutralize the products of
electrolysis reactions Egs. (3-1 and 3-2). The pH of the electrode solution was maintained at 8.8
for the anodes and 5.5 for the cathodes

Phase 2 of the field demonstration used the same anodes but activated the inner row of
copper cathode electrodes (Figure 3-1). The Phase 1 cathodes were emptied of fluid and
disconnected from the electrical system. During Phase 2 an electric potential of 68 V was applicd
between the Phase 2 cathodes and the anodes for 837 hours. Electrolysis reactions at the Phase 2
cathode electrode copper pipe surfaces were not neutralized, although the same pH control system
used in Phase 1 was applied to the ceramic-cased anode electrodes. |

Acetate produced during Phase 1 at the cathode electrodes was transported through the

soil towards the anodes by electromigration. The amount of acetate produced at each cathode
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electrode is proportional to the amount of electrical current transmitted Egs. (3-1 and 3-3).
Subsequent post-demonstration soil samples analyzed for acetate illustrated the soil zones of

major electromigration transport.

3-3. FIELD RESULTS

Both surface and depth-profiling geophysical surveys indicated that the site was
amenable to the application of electrokinetics. The surface surveys indicated an absence of metal
objects buried in the area of interest (Lindgren et al., 1998). An apparent average soil
conductivity of 23 to 30 mS m” in the 0-6 m depth interval was measured by the Geonics EM-31
survey. Depth profiling of the field site by the Geoprobe electrical conductivity probe, however,
indicated a layered electrical conductivity p?oﬁle. Soil exhibiting electrical conductivities greater
than 30 mS m™" were recorded between 1- and 3-m BLS, surrounded by soil exhibiting electrical
A conductivities less than 10 mS m™' (Figure 3-4a). Electrical conductivity as high as 111 mS m"
was measured in the 2- to 3-m layer.

The measured soil moisture contents also exhibited a layered soil profile (Figure 3-4b)
similar to the depth-profiling electrical conductivity measurements. Moisture contents greater
than 15% (m® m™) were located between 2 and 3 m BLS. These high moisture contents are in the
same soil profile as the high electrical conductivity measured with the Geoprobe electrical
conductivity survey. The soil zone at the lower portion of the electrodes generally exhibited
moisture contents of less than 10% (m® m™).

Cross-sections developed for electrical conductivity and moisture content represent the
general profile across the southern portion of the field demonstration and not any particular
electrode pair. The depth profiling numbers illustrated in Figures 3-4(a and b) are generally
within 1 m of an electrode pair plane. Both cross-sections indicate laterally continuous soil layers

are present between the anode and cathode electrodes. Lindgren et al. (1998) also noted laterally
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continuous soil properties on cross-sections developed perpendicular to those presented in
Figures 3-4(a and b).

Electromigration transport resulted in an acetate tracer plume between the Phase 1
cathode and anode electrodes. According to the post-demonstration sampling results at the end of
Phase 2, acetate was located between the upper portion of the electrodes, while no acetate was
detected at the lower portion of the electrodes (Figure 3-5). Sampling for acetate was not

conducted between Phase 1 and Phase 2.

3-4. NUMERICAL METHODS

The acetate concentration distribution at the end of the ficld demonstration was predicted
using the three-dimensional electromigration model for ion transport in unsaturated soil
developed by Mattson et al. (1999a). This model assumed a constant electric potential field with
respect to time and that the water transported through the soil by either electric or hydraulic
potentials was negligible. The steady-state electric potential field assumption is valid for highly
buffered soils, when the electrode electrolysis reactions are neutralized, and/or when the zeta
potential of the soil is low. Mattson et al. (1999a) used an existing USGS three-dimensional
groundwater flow model, MODFLOW (McDonald and Harbaugh, 1988), and a solute transport
model, MT3D (Zheng, 1990), as a base to implement the electromigration transport model.
MODFLOW and the linkingA module between MODFLOW and MT3D were modified to describe
the electromigration transport of ions. Analogous electrical parameters were used as input in
place of the conventional groundwater flow and transport parameters required by MODFLOW
and MT3D. Functional relationships that account for concentration effects on ionic mobility and
tortuosity were calculated for various moisture contents to allow model application to
heterogeneous unsaturated soil systems.

A representative three-dimensional model domain was established to simulate the acetate

jon transport from the cathode to the anode through a representative portion of the field
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demonstration (Figure 3-1). Due to symmetry of the electrode locations only a single pair of
anode and cathode electrodes were simulated. The overall model dimensions were 0.91-m x
2.13-m x 3.66-m decp (Figure 3-6) and consisted of a grid of 5 rows, 14 columns, and 12 layers
(840 cells). The cell faces ox; the exterior of the model domain were assumed to be no-flow
boundaries.

Two different models of the field demonstration site were developed to examine the
importance of spatial variability on ion transport. The first model assumed the apparent electrical
conductivity (£C,) (S m™) of the soil profile could be represented as a simple three-layer system
(Table 3-1). The layers were assumed to be laterally continuous with the middle layer (1.83 to
2.74 m BLS) exhibiting an EC, value approximately twelve times greater than the adjacent two
layers. It was also assumed that the higher EC, of the middle layer was solely due to higher
moisture content in the soil profile (Figure 3-4b). The second model assumed the soil profile
could be represented by an equivalent homogenous soil (Table 3-1). The homogeneous model
assumed one EC, value for the entire model domain based upon the weighted arithmetic mean of ‘
the layered EC, model. Acetate distribution for both the layered and the homogeneous soil
domains were simulated using two phases of electricity application that matched the field
demonstration electrode configuration and operation.

To predict the Phase 1 acetate distribution, cells representing the Phase 1 ceramic-cased
cathode were set at a constant voltage of zero with an acetate concentration of 1 mol m’ (Table 3-
2). Cells representing the anode were assumed to havle an electric potential of 109 V and an
acetate concentration equal to zero. It was assumed that no acetate was initially present in the
system. For the remainder of the model domain, the ¢lectric potential was calculated a single
time in MODFLOW while acetate concentrations were calculated through time in MT3D.

To simulate Phase 2, cells representing the Phase 2 cathode were set to zero volts while

cells representing the anode electrode were set to 68 volts. No new acetate sources were included
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in the Phase 2 simulation. The final acetate distribution predicted for Phase 1 was used as the
initial acetate distribution for Phase 2.

A continuous function relating tortuosity to moisture content was developed using the
relationships described by Mattson et al. (1999a, Eq. 2-9). Five pairs of EC, and @ data (Figures
3-42 and 3-4b) were used to develop the function. Soil zones of stable electrical conductivity
(i.e., not varying by more than 50% from measurcments 0.3-m above and below) were used to
minimize spatial variability effects between the data pairs. Residual moisture content (&) and
surface electrical conductivity (EC,) (S m™') were both assumed to be equivalent to the minimum
values measured at the field demonstration site and water electrical conductivity (EC.) (S m’)
was assumed to be equal to that of the 1:2 extract solution measured in the laboratory. Figure 3-7
illustrates the resulting relationship between tortuosity and moisture content. Table 3-1 lists the
regressed values of the five data pairs.

Input values for EC, were based upon measured moisture contents. Analysis of soil
samples taken during the installation of the electrodes indicated moisture contents of
approximately 11% by weight (19.8% m’ m”) in the 2.4-m deep soil samples. Equation 2-9 from
Mattson et al. (1999a) and the parameters listed in Table 3-1 were used to calculate the
corresponding value of EC,. The weighted arithmetic mean of the £C, of the layered model was
used to calculate an effective £C,, for the homogeneous model (Table 3-1). The remaining ion,
soil/water, and regression input parameters were assumed constant over the domain for both

models (Table 3-1).

3-5. NUMERICAL RESULTS
Acetate concentration distributions were predicted for both phases of the field
demonstration using the layered and the homogeneous models. Figures 3-8a and 3-8b illustrate

the predicted acetate concentrations relative to the input concentration for both models at the
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completion of Phase 1 (the first 1246 hours). In the layered model, acetate was trah’sported from
the Phase 1 cathode to the anode through the high EC, middle layer (Figure 3-8a). The acetate
front, as defined by the 0.25 contour, was transported approximately half way between the
cathode and anode in the layers with lower electrical conductivity. In comparison, acetate in the
homogeneous model (Figure 3-8b) was transported as a much smoother, uniform front from the
cathode to the anode. The acetate front progressed much closer to the anode in the homogencous
model than in the layered model.

For Phase 2 predictions, no additional acetate was added and the Phase 2 cathodes were
used instead of the Phase 1 cathodes. Figures 3-9a and 3-9b illustrate the predicted acetate
concentration distribution after the completion of the ficld demonst_ration at the end of Phase 2
after 837 additional hours of applied electrical current. Both model results indicated that low
acetate concentrations were present between the Phase 2 cathode and the anode with higher
acetate concentrations in the zone above the electrodes (Figures 3-9a, and 3-9b). The largest
difference of the predicted acetate transport between the layered and homogenous models was in
the zone beneath the electrodes. The homogeneous model indicated acetate transport beneath the
‘electrodes (see 0.25 contour, Figure 3-9b) while the layered model showed very low acetate

concentrations at that location (Figure 3-9a).

3-6. DISCUSSION

The assumption of a constant electric potential field with respect to time appears to be
valid for this field site. Lindgren et al. (1998) concluded the soil electrical conductivity did not
change significantly based on pre- and post-test EC, measurements. The buffering capacity of
the soil, pH conditioning at the ceramic cased electrodes, as well as the steady moisture contents
contributed to the stable electrical conductivity profile. The constant electric potential field in

buffered soils is consistent with Lasagna field demonstration results (Monsanto, 1996).
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Numerical modeling results of the acetate distributions suggest enhanced ion transport in
high electrically conductive/moist layers compared to less conductive/dryer layers. The tortuous
pathway of the ion is inversely correlated to moisture content. Therefore, examination of an ion’s
velocity dependence on moisture content can partially explain the numerical modeling results.

The velocity of an ion in one-dimension can be calculated from its effective ionic

mobility, tortuosity, and the electric potential gradient (Shapiro et al. 1989):

W(0)=(0)(0) =" (3-4)

where v(@) is the electromigration velocity (m s), #(c) is the ionic mobility (m* V' s7) adjusted
for concentration effects, 7(6) is the tortuosity factor (-) as a function of moisture content, and
d¢y/dx is the electric potential gradient (V m™). Subsituting relationships for concentration effects
on ionic mobility and tortuosity ((Egs. 2-5, 2-6, and 2-9) of Mattson et al., 1999a) into (3-4)
results in the clectromigration ion transport velocity through porous media as a function of some

easily measured/regressed input variables:

o(0) = g0 e ) FA)(0-0)” do ()
0-6) dx

where 14, is ionic mobility at infinite dilution (m* V"' §™), z is the ion valance, F(4) and » are
fitting parameters in the Mualem and Friedman (1991) electrical conductivity/moisture content
model, fis the volumetric moisture content (m® m™), 8, is the residual volumetric moisture
content (m® m™), and 6, is the saturated volumetric moisture content (m® m™). Equation (3-6)
indicates that ion velocity is directly related to the effective moisture content (8-6,) to the n+1

power.
For the data presented in this paper, # is close to zero (Table 3-1), so that the ion velocity
is approximately proportional to effective volumetric moisture content. Figure 3-10 illustrates

acetate electromigration velocity using the data in Table 3-1 and assuming the average electric
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potential gradient of Phase 1 (55 V m™). Results from applying this one-dimensional analysis to
the field data indicate the higher conductive wet layer transports acetate ions approximately six
times faster than the layers with lower electrical conductivity (Table 3-3). This phenomenon is
best illustrated in Figure (3-8a) by the accelerated acetate front in the wetter/more electrical
conductive middle layer.

Phase 2 numerical results for the layered and homogeneous models were qualitatively
similar in the upper portion of the model domain but exhibited a greater deviation in the lower
portion of the domain near the anode (Figures 3-9a and 3-9b). The layered model predicted no
acetate present near the base of the anode electrode at the end of the demonstration. During
Phase 1, only a small amount of acetate was transported to the area past the Phase 2 cathode with
the bulk of the acetate located near the Phase | cathode (Figure 3-8a). Therefore, at the initiation
of Phase 2, there was little acetate between the Phase 2 cathode and the anode to be transported to
the anode electrode. In contrast, the homogeneous model results indicate a fairly symmetric
acetate distribution that exhibited high acetate concentrations between the Phase 2 cathode and
the anode electrode at the end of Phase 1 (Figure 3-8b). This acetate distribution resulted ina
significant acetate source between the anode and Phase 2 cathode for subsequept transport during
Phase 2.

Quantitative comparison between the measured acetate concentrations and the model
predictions is not possible. Acetate concentration in the Phase 1 cathodes was not measured
during the field demonstration. The numerical models assumed an acetate concentration equal to
1 mol m™ in the Phase 1 cathode. In addition, acetate was assumed to behave as a conservative
tracer for the model predictions, however it likely underwent some biodegradation during the
experiment. Field sampling for acetate was not conducted at the end of Phase 1, precluding a
comparison of the Phase 1 model predictions with field results.

Qualitatively, the acetate concentration distribution measured in the field appears to agree

with the layered model predictions. Both the layered and homogencous models (Figures 3-9a and
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3-9b) explained the acetate distribution in the upper portions of the field demonstration site
(Figure 3-5). However, the homogeneous model also predicted significant acetate concentrations
beneath the electrodes. The layered model predicted very low acetate concentrations in this
region and no acetate was detected during field sampling in this area.

Acetate concentrations measured in field samples were correlated with the high electrical
conductivity layer (Figure 3-3). In contrast, no acetate was detected in the lower portion of the
ficld demonstration in arcas with low electrical conductivity. Moisture content is positively
correlated with EC,. At residual moisture content, electrical current is carried solely by the
cations in the soil double layer. Acetate, an anion, would not be transport by electromigration at
the residual moisture content (see Figure 3-10).

The acetate concentrations measured in the field suggest most of the electric current was
confined to the electrically conductive/wetter soil layer. Soil layers exhibiting high acetate

_concentrations indicate areas where the ions initially present were replaced by other ions. If the
initial ions were chromate, then these areas would have been remediated. Conversely, the soil
zones with low acetate concentrations measured in post-test soil samples indicate zones of low
ion flux and hence soil zones which would not have been remediated. The correlation between
acetate tracer detection and areas of chromate remediation was supported by chromate
concentration field results. Field results indicated reduced chromate concentration in the upper
soil zone while chromate concentrations near the base of the anodes were not reduced (Lindgren

et al., 1998).

3-7. SUMMARY

An electrokinetic field demonstration of ion transport by an electric field in unsaturated
soil was performed at Sandia National Laboratories. The field site was heterogeneous with
respect to moisture content and apparent ¢lectrical conductivity. Acetate, a byproduct of the

neutralization reactions at the ceramic-cased cathodes, was used to trace electrical current
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pathways through the soil. Acetate detection in soil samples appeared to be correlated to soil
zones exhibiting high moisture content/electrical conductivity, suggesting the moisture content
distribution is an important parameter controlling the electromigration transport of ions. The
Mattson et al. (1999a) electromigration model indicates that the velocity of an ion in an electric
ficld is proportional to the effective moisture content raised to the »+1 power.

Predictions from layered and homogeneous electrical conductivity models were
qualitatively compared to the field results. The layered model correctly predicted fxigher acctate
concentrations in the more moist/electrically conductive layer while the homogeneous model
predicted a symmetric acetate concentration above and below the electrodes. Numerical model
results suggest that both soil spatial heterogeneity and multi-dimensional potential fields must be

considered to correctly predict electromigration transport at the field scale.
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Table 3-1. Ion, soil/water, and regression parameters used in the 3D model.

EC.(Sm") 0 m’m®) EC.(Sm")

Cell Layer # Depth Interval Layered Model
BGS (m)
1-2 1.22-1.83 4.461¢> 0.072
3-5 1.83-2.74 5.55¢* 0.198

6-12 274 -4.88 4.461¢° 0.072

Homogeneous Model

1.722¢°
1.722¢*

1.722¢

6 (m’m>)

0.126

0.126

0.126

Input Parameters used in cells for both models

Ton parameters: pt, = 4.24¢-8 (m* v's'), z=-1

Soil/water parameters: EC; = 0.003 (S m™), 6, =0.375 (m® m™), 8, = 0.045 (m’ m*)

Regression parameters: F(A) = 1.394, n = 0.0651 (Eq. 2-9 of Mattson et al., 1999a)
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Table 3-2. Voltage and concentration boundary conditions used in the 3D model.

Electrode Row  Col. Cell  Voltage Acetate

# # Layer V) Concentration

# (mol m™)
Phase 1 Cahode 3 1 5-10 0 1
1246 hrs Anode 3 14 5-10 109 0
Phase 2 Cathode 3 7 6-10 0 -

837 hours Anode 3 14 5-10 68 0
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Table 3-3. One dimensional predicted electromigration velocity predicted by Eq. (3-5) for the
soil layers in the layered and homogeneous models. Input parameters were from Table 3-1 and

the electric potential gradient was 55 V m’,

Model Type Moisture Content  Effective Moisture  Electromigration
(m’ m™) Content (m*m®)  Velocity (ms™)
Low EC, 072 027 1.67¢-7
Layered '
High EC, 198 153 1.06¢-6

Homogeneous £C, 126 081 5.37e-7
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Figure 3-1. Plan view illustrating the electrode positions and numerical model domain for the
southern half of the field demonstration. Open circles indicate ceramic-cased electrodes while closed
circles indicate pipe electrodes with no electrolysis reaction neutralization.
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Figure 3-2. Electrode construction and installation method. (a) Anode and Phase 1 cathode ceramic-
cased electrode, (b) Phase 2 cathode pipe clectrode.
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Figure 3-3. Schematic of the water circulation system and pH control system for the ceramic-cased
field electrodes.
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Figure 3-4. Representative cross-section of soil properties prior to electrokinetic experiments.
Numbers are sample values. Contour lines are hand-drawn. Box illustrates model simulation arca.
(a) Apparent electrical conductivity (EC,) (S m™"), (b) volumetric moisture content (%) by soil
sampling.
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Figure 3-5. Cross-section illustrating acetate concentrations (mg acetate per kg soil) at the
completion of the field demonstration (end of Phase 2). The solid contour line represents the zero
concentration level. Gray contour lines represent apparent electrical conductivity values as shown in

Figure 3-4(a).
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Figure 3-7. Tortuosity as a function of moisture content. Line represents best fit of Equation 2-9 of
Mattson et al. (1999a) to field measured data.
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Figure 3-8. Predicted acetate concentrations (relative to input) after 1246 hrs (Phase 1) of
electrokinetic transport. Anode and cathode electrodes used during this phase are shaded. (a) layered
model — light gray shading indicates electrically conductive/wetter layer, (b) homogeneous model.
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layered model — light gray shading indicates electrically conductive/wetter layer, (b) homogeneous
model.
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CHAPTER 4. ELECTROKINETIC REMEDIATION IN UNSATURATED SOILS

USING SURFACTANT-COATED CERAMIC CASINGS

Earl D. Mattson', Associate Member, ASCE, Robert S. Bowman®, and Eric R. Lindgren3

(Submitted to ASCE Journal of Environmental Engineering, May 4, 1999)

ABSTRACT

Electrokinetic remediation is an emerging technique that can be used to remove metals
from saturated or unsaturated soils and sediments. In unsaturated systems, control of the
medium’s water content is essential. Previously used electrode designs have caused detrimental
soil wetting due to excess electroosmotic flow out of ceramic-encased anodes. We tested a method
to reverse the electroosmotic flow at the anode by treating the ceramic casing with the cationic
surfactant hexadecyltrimethylammonium (HDTMA). Laboratory tests showed the untreated
ceramic had an electroosmotic permeability of 2.4x10° cm* V' 5. Ceramic treated with HDTMA
had an electroosmotic permeability of ~1.3x10”° cm® V"' s”'. Under an applied electric potential,
electroosmotic flow was reversed in the HDTMA-treated ceramic, indicating a reversed zeta
potential due to formation of an HDTMA bilayer on the ceramic surface. Field tests conducted
over a 6-mo period with l2700 h of applied voltage showed negligible water loss from HDTMA-
treated ceramic (0.03 L h'') compared to untreated ceramics (up to 6 L h™). The results indicated
that a surfactant treatment to the anode ceramic casing material can greatly improve the

application of electrokinetics in unsaturated environments.
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4-1. INTRODUCTION

Electrokinetics offers an in-situ remediation solution to remove heavy-metal contamination
from unsaturated soils. To conduct electrokinetic remediation, anode and cathode clectrodes are
placed in the soil and direct current is applied between the two electrodes. The applied current
transports dissolved ions due to electromigration towards the oppositely charged electrode.
Concurrently, electroosmosis moves the soil water in response to the electric potential. Soil water
is typically transported towards the cathode due to the excess net positive charges in the double
layer associated with the negative surface charge of the soil. Under the influence of an electric
potential, these positive charges migrate toward the cathode and create a viscous transport effect
on the bulk pore water. Once heavy metal ions reach an electrode they can be extracted to the soil
surface for further treatment and/or disposal.

The first electrokinetic investigatidns in the United States focussed on the role of
" electroosmosis rather than clectromigration. Casagrande (1949) described the use of
clectroosmosis to dewater clays for engineering applications. Other researchers reported the use of
electroosmosis to dewater mine tailings (Sprute and Kelsh 1974; Sprute and Kelsh 1976), kaolinite
clay (Lockhart 1983a), and a variety of materials in settling ponds (Lockhart 1983b). Early
electrokinetic remediation studies in the United States were conducted in groundwater systems
where contaminants were found in low permeability media where the typical pump-and-treat
technology was not effective (Mitchell 1986; Renaud and Probstein 1987). Shapiro et al. (1989)
performed saturated column experiments to confirm the electroosmotic transport processes to
remove organics from clay. Electroosmosis was also used to remove heavy metals from saturated
clays in bench-scale experiments (Acar et al. 1990; Hamed et al. 1991).

The importance of the role of electromigration appears to have been recognized with a
metal prospecting study in the Soviet Union (Shmakin 1985). Shmakin described the transport

process in terms of electromigration rather than electroosmosis, but still within saturated, fine-
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grained material. Lageman (1989) described a field-scale application of electrokinetics designed to
transport and remove lead, copper, arsenic, and zinc using electromigration in saturated or nearly
samrated fine-grained soil in the Netherlands. The EPA recently summarized all electrokinetic
studies (patented processes, conceptual studies, as well as bench- and field-scale experiments)
performed between 1992 to 1997 (EPA 1997). Most work described in this report was focussed
on saturated fine-grained soil, clay, or low permeability soils with the exception of studies at
Sandia National Laboratories where work in unsaturated, sandy soil was documented.

The previous emphasis on saturated, fine-grained soils and clays led to a common
misconception that electrokinetics was not applicable to uﬁsaturated, sandy soils, even though
limited experimental work in these conditions has been documented. Runnells and Larson (1986)
and Dahab et al. (1992) both demonstrated electrokinetic transport of copper to the cathode
electrode in unsaturated sands but did not remove the copper from the soil. Lindgren et al. (1994)
demonstrated electromigration of anionic food dye and chromate through unsaturated fine-grained
sand to the anode electrode in laboratory experiments. Mattson and Lindgren (1995) later
published experimental results of chromate migration and its removal from unsaturated sandy soil
at the laboratory-scale.

Slotted well casings typically used in the saturated zone are not suitable to use as anode
casings in unsaturated, sandy soils. Hydraulic flow from the slotted electrode casings to the soil
can cause the formation of a saturated wetted bulb surrounding the bottom of the casing. The
steady-state outflow rate is dependent on soil texture, well diameter, and height of water in the
casing (Amoozegar and Warrick 1986). Water outflow rate may be significant enough to eliminate
the use of slotted well casings as anodes for electrokinetic remediation in sandy, unsaturated soils.

On the other hand, anode metallic electrodes installed in unsaturated soil have the opposite
problem. Electroosmotic water transport through the soil causes a depletion of water in the vicinity

of the anode (Mattson and Lindgren 1995). Soil electrical conductivity is related to moisture



4-4

content, As the moisture content decreases to its residual value, the soil electrical conductivity
becomes too low for the practical application of electrokinetic remediation.

Porous ceramic casings may be used to control the hydraulic flux of water to the soil.
However, the direction of elec&oosmotic flow within the ceramic pores has a strong influence on
the net amount of water being added to the soil from the ceramic casing. For example, infiltration
rates from anode ceramic casings increased greatly after an electric potential was applied in a field
experiment conducted at Sandia National Laboratories (Mattson 1995). Four 0.9-m long suction
lysimeter ceramic casings were installed in dry (2 to 4% by weight) alluvial deposits. A constant
vacuum was applied to the headspace above the ceramic portion of the electrode casing (10-cm Hg
vacuum). Steady state infiltration prior to the application of electricity was approximately 3 L d’
from both the anode and cathode casings. When an electric potential was applied between the
anode and cathode, the infiltration rate out of the anode increased to about 40 L d’! while water
loss from the cathode ceramic electrode casings decreased to less than 1 L d”. During this time a
30-V differential was measured across the ceramic casings. The only operational difference
between the anode and cathode electrodes was the direction of electroosmotic flow relative to the
ceramic casing. Electroosmotic flow occurred from the interior of the anode electrode casing into
the soil whereas at the cathode, the electroosmotic flow was from the soil to the interior of the
electrode cellsing‘ The anode ceramic casing would have been suitable for long-terin electrokinetic
remediation if the electroosmotic flow direction was from the surrounding soil toward the interior
of the anode casing.

Control over the rate of water addition at the anode is critical for the success of
electrokinetic remediation in unsaturated soils. A continuous water pathway is required to
maintain an applied electric potential, but excess water could cause saturated conditions that could
transport contaminants deeper into the soil profile. This paper describes a surface coating

procedure for the anode ceramic casing that allows the electrokinetic remediation process to be
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applied to unsaturated, sandy soils. The electroosmotic flow direction can be reversed within the
ceramic anode casing by coating the casing with a cationic surfactant such as
hexadecyltrimethylammonium (HDTMA). The effective surface charge of the ceramic casing is
reversed from a net negative charge to a net positive charge if the surfactant coats the ceramic as a
bilayer. In this case, under the influence of an applied electric potential the excess negative ions in

the double layer move towards the anode, inducing electroosmotic flow towards the anode.

4-2. THEORY
For this study, water transport was assumed to occur by electroosmotic and hydraulic
mechanisms. The net water discharge (i.¢., the volumetric water flow rate divided by the cross-

sectional flow area) in one-dimension is defined as:

qn = qeo +qh (4-1)

where g, is the net discharge (m s, ., is the electroosmotic discharge (m s, and g, equals the
hydraulic specific discharge (ms™). Depending on the gradients of the driving forces and whether
the zeta potential is positive or negative, the electroosmotic and hydraulic water transport
phenomenon may occur in the same or opposite directions.

From a macroscopic viewpoint, g, is proportional to the electroosmotic permeability and

the applied voltage:

Goo = Koo~ (4-2)
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where K., is the electroosmotic permeability (m* V' s7') and dV/dx equals the electric potential (V
m™"). K., is usually determined experimentally using soil samples by measuring the volumetric
discharge per unit electric potential in the laboratory.

The direction of the electroosmotic discharge (g.,) with respect to the electric potential is
determined by the sign (positive or negative) of the K,,. Assuming that the soil/ceramic pores can
be treated as a bundle of capillary tubes, the Hehnholtz-Smoluchowski equation can be used to

describe K., (Hunter 1981) if the equation is modified to account for moisture content:

K =—— (4-3)

where ¢is the fluid permittivity (C? N”! fn'z), £ equals the zeta potential (V), @1is the fraction of the
cross-sectional area available for flow (=), and # is the fluid viscosity (N s m?). The zeta potential
is the only variable in Eq. (4-3) that can change sign and therefore, the direction of electroosmostic
flow. The direction of electroosmotic flow, relative to the electric potential, is solely det.ermined by
whether the zeta potential is positive or negative. Most soils and porous ceramics exhibit a
negative zcta potential causing the direction of the electroosmotic flux to be from the anode and
towards the cathode. Adsorbing a cationic surfactant bilayer to a negatively charged surface can
change the zeta potential from negative to positive (Li and Bowman, 1998), and hencé the direction
of the electroosmotic flux.

The second important potential moving water though saturated porous medium is the
hydraulic head gradient. In this case, the equation to describe hydraulic specific discharge

(Darcy’s Law) is:
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9, = _Kh ‘Z]_H (4-4)
X

where K, is the hydraulic conductivity (m s™), and dH/dx describes the hydraulic head gradient (-).
The K, is not only a function of the fluid but also of the porous medium (Hubbert, 1940),

as illustrated by the relationship:
K, =-—— 4-5)

where  is the intrinsic permeability (m?), p is the fluid density (kg m™), and g is the gravitational
constant (m® s™). Intrinsic permeability is a function of the size, shape and distribution of the pore
spaces.

Although the forms of Egs. (4-2) and (4-4) are similar there are distinct differences
between K., and K. K, is always a positive number and, therefore, the hydraulic gradient always
determines the direction of hydraulic flow. In contrast, the X, can be either positive or negative
resulting in flow with or against the electric potential, Secondly, the magnitude of K}, is dependent
on the pore size distribution and configuration through the intrinsic permeability factor in Eq. (4-
5). However, K., in Eq. (4-3) is independent of pore size as long as the sizes of the pores are large
compared to thickness of the double layer and if surface conduction can be ignored (Hunter 1981).
Finally, the hydraulic flow velocity profile is parabolic, with the fastest velocities located in the
center of the soil pore while the electroosmotic flow velocity exhibits a flat profile across the pore

because the region of varying velocity extends only through the double layer (Hunter 1981).



4-3. METHODS AND MATERIALS
4-3.1. Ceramic

The ceramic casings used for the laboratory and field experiments were constructed of type
P3C porous ceramic tubing (Coors Ceramic, Inc.). P3C ceramic is 98% Al,SiO;s with the
remaining 2% composed of calcium, magnesium, iron, titanium, potassium, and sodium oxides.
None of the minor components are greater than 0.5% by weight. The P3C material has a porosity
of 42% with a pore diameter of approximately 1.5 to 2.2 pm (Coors Ceramic, Inc. 1998). The K,
of the P3C was determined to be 6x10° m s following constant head test procedures described by
Klute and Dirksen (1986).

4-3.2. Surfactant

The porous ceramic was treated with a cationic surfactant, HDTMA, in the hydroxyl form

(HDTMA-OH). A00I0M HDTMA-OH-surfactant solution was prepared by pumping a 0.010
‘M HDTMA-Br (Aldrich Chemical) solution through a 30-cm anion ion exchange column packed
with Ionac ASB-1 resin (Culligan, Inc.) in the hydroxyl form. The final pH of the HDTMA-OH
solution was 10.97.

The 0.010 M HDTMA-OH used in this study had a concentration approximately 5 to 10
times greater than critical micelle concentration (CMC). Bunton et al. (1981) lists a CMC of
0.86x10° M whereas Sepuelveda and Cortes (1985) list a CMC of 1.9x10” M.

4-3.3. Ceramic Surfactant Treatment

There were several steps in the process developed to coat the porous ceramic tubing with
the surfactant. First, eight pore volumes of 0.10 M HCI were flushed through the ceramic to
protonate the available exchange sites. Two pore volumes of deionized water flushed the excess
HCI from the pore space. Next, the 0.010 M HDTMA-OH solution was hydraulically flushed

through the ceramic until the effluent pH stabilized at 10.9. It was assumed that all available
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exchange sites were occupied by the HDTMA surfactant and at least a partial HDTMA bilayer
was formed. Previous work supports the assumption that addition of excess HDTMA to
aluminosilicate surfaces results in formation of a surfactant bilayer or partial bilayer (Xu and Boyd
1995; Li and Bowman 1997). The laboratory experiment ceramics had additional treatment steps
consisting of a deionized water rinse followed by a 0.010 M phosphate buffer (50/50 mixture of
KH,PO./Na,HPO,) rinse. The phosphate buffer rinse was necessary to equilibrate the fluid in the
ceramic pores to that used in the laboratory experiments. The alkali cations in the buffer are not
expected to displace the HDTMA from surfaces (Li et al., 1998).

4-3.4. Laboratory Experiments |

Laboratory experiments were performed on porous ceramic test samples: 1) to calculate
K., with and without cationic surfactant coatings, and 2) to observe whether the surfactant coating
was stable under controlled conditions.

The test samples for the laboratory experiments were constructed from a 7.6-cm long piece
of P3C ceramic tubing (8.9 cm OD with 6.4 mm wall thickness). A sheet of PVC plastic was
glued onto the bottom and a 7.6-cm piece of PVC pipe was glued to the top of the ceramic test
sample as illustrated in Fig. 4-1. Electrodes to measure the voltage differential across the ceramic
were constructed from 1-cm wide strip of #50-mesh stainless steel placed on the inner and outer
surfaces of the ceramic.

The K., experiments were set up in a cylindrical outer plastic test cell that allowed radial
symmetry to be maintained. The anode (6.4-mm graphite rod [Ultra Pure Gfaphite Inc.]) was
placed in the center of the ceramic tubing and the cathode (6.4-mm woven wire fabric) was located
along the outer test cell wall (Fig. 4-1). Both electrodes were connected to a constant current
power supply (Fisher Scientific, Model FB 701). A voltmeter (Fluke, Model 45) measured the

voltage differential across the ceramic.
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To begin a laboratory experiment, a test sample of either HDTMA-treated or untreated
ceramic was placed in the test cell. The 0.010 M phosphate buffer solution was added to equal
heights in the anode and cathode reservoirs covering the ceramic portion of the test sample. The
buffer solution maintained a p.H of approximately 6 within the reservoirs during the experiments.
An electric potential was imposed across the cemqﬁc by energizing the center graphite anode and
outer wire fabric cathode electrodes. The electrical current was held constant at 200 mA by the
power supply. To minimize hydraulic counter-flow through the ceramic, a test was conducted only
until the fluid level difference between the inner and outer reservoirs became greater than 1 cm. At
this point the experiment was stopped, the anode and cathode buffer solutions were chemically
équilibrated by mixing them together, the buffer solutions were added back the reservoirs, and the
test was repeated. Test measurements were recorded at one to two hour intervals to document: 1)
the buffer levels within the anode and cathode reservoirs, 2) applied voltage and current, 3) voltage
differential through the ceramic tubing, and 4) experimental time.

Even though the head differential was minimized between the inner and outer cathode
reservoirs, the calculated electroosmotic flux was corrected for hydraulic flux effects to obtain
better accuracy. The hydraulic flux was calculated using the laboratory-derived K, values and the
average head differential between the anode and cathode reservoirs. The K., through the ceramic

was calculated using:

dH
"[q" A, Ej 4-6)




Pore volumes of fluid electroosmotically flushed through the ceramic were cumulatively calculated
for each successive test. The cumulative number of pore volumes for each test was calculated
from the net volume of water change in the anode reservoir divided by the pore volume of the
ceramic test sample.

4-3.5. Field Experiments

Two field experiments were conducted in dry (< 10% soil moisture by weight) sandy soil |
at Sandia National Laboratories, Albuquerque, New Mexico, during the summers of 1994 and
1996. The 1994 experiment investigated the effects of excess water flow from untreated ceramic
anode casings. The 1996 experiment examined the long-term stability of the surfactant treatment
as well as water loss from a HDTMA-treated ceramic anode casing. Both experiment sites were
located within 100 m of one another in the same hydrogeologic environment. The porous ceramic
anode casings and the HDTMA-OH treatment processes were identical to those used in the
laboratory experiments except for the phosphate buffer rinse.

The ceramic casings for the field experiments were designed to account for conditions in
unsaturated soils rather than the liquid baths open to the atmosphere used in the laboratory. The
lower portion of the electrode casing was constructed from the porous ceramic tubing and is
permeable to water as well as electricity. The upper portion of the electrode casing was
constructed of 3.5-in OD PVC pipe capped with a plgstic flange and lid to facilitate tubing and
wiring egress (see Fig. 4-2).

The ceramic-PVC assembly constituted a modified suction lysimeter (Fig. 4-2) and was
installed using a similar to a method described by Rhoades and Oster (1986). First an uncased
borehole was drilled with a 15-cm hollow stem auger rig. The electrode casing was placed in the

borehole and backfilled with a native soil slurry mixture to a depth above the ceramic portion of
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the casing. The rest of the borehole was backfilled with soil cuttings to the surface and capped
with a bentonite seal to prevent surface infiltration.

The electrodes were operated nearly identically in both field experiments although there
were differences in the specific monitoring and control equipment, as listed in Table 4-1. The
system that controlled the field electrodes was comprised of three separate components: 1) the fluid
control system, 2) the vacuum control system, and 3) the electrode power system.

The fluid control system maintained a constant water level, monitored the water addition
and extraction, circulated the water, and conditioned the pH of the fluid in the electrode casing
(Fig. 4-2). The water level was maintained at a set level above the ceramic portion of the electrode
casing by either an optical-level-control probe or a float switch. The water level control probe
operated a solenoid valve connected to a water inlet tank that contained tap water. When the water
level in the electrode casing fell to levelé below the water level sensor, the solenoid valve was
opened to allow water to enter the electrode casing. A circulation pump mixed the electrode
solution within the electrode casing, and provided sufficient pressure to allow for fluid extraction
from the electrode casing to an effluent tank. Approximately 0.5 to 1 L of effluent per hour were
removed by a batch controller system at one-hour intervals. A pH probe located within the
circulation system monitored the pH of the solution. The pH probe was connected to a pH
controller that allowed either 20-wt% acetic acid at the cathode or a 10-wt% NaOH splution at the
anode to enter the electrode casing. Except for brief periods, the pH of the electrode fluid was
maintained between 6 and & during the experiments.

The vacuum control system maintained a constant vacuum in the casing headspace,
limiting the hydraulic movement of water into the soil. Table 4-1 lists the applied vacuum used for
both field experiments.

Finally, the electrode power system supplied electricity to the electrodes. Electrodes

(iridium-coated titanium anodes, copper cathodes) were placed within the porous ceramic casings
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and connected to a constant voltage power supply. The electric potential through the ceramic
casing was measured between the anode and a stainless steel wire mesh attached to the outside of
the casing.

The 1994 experiment used untreated ceramic casings for the anodes and cathodes at the
corners of a 1.2 m x 2.4 m rectangle with the anode and cathode electrodes spaced 1.2 m apart.
The ceramic portion of the electrode casing was 0.9-m long and located between 2.7 and 3.6 m
below the ground surface. The influent and efﬁuent reservoirs for each electrode casing as well as
the acid or base reservoirs were located on Mettler 30-kg balances. An automatic data collection
program recorded the balance readings houriy.

The 1994 experiment lasted 188 days. For the first 76 days, water was added to the
electrode casing and allowed to infiltrate into the surrounding soil while a 10-cm Hg vacuum was
applied to the casing headspace. No electricity was applied to the electrodes during this time and
therefore the water loss was solely due to the hydraulic gradient between the electrode fluid and the
soil. After 76 days a electric potential was applied between the cathodes and anodes. This water
loss from the electrode casings, and the voltage differentials across the porous ceramic casing were
recorded hourly to determine the K.,.

The 1996 experiment used HDTMA-treated ceramic casings for the anodes and untreated
casings for the cathodes. This experiment was conducted beneath an abandoned, unlined, chromate
acid disposal pit. The electrodes were arranged in three rows spaced 1.8-m apart. Each row
contained five electrodes 0.9-m apart. The middle row of electrodes was anodes and the outer two
rows were cathodes. Each electrode casing had a 1.8-m porous ceramic portion and was placed
2.4 to 4.3 m below the land surface. In general, the operation of the anode electrodes was identical
to that of the 1994 experiment although the electrode solution in the 1996 experiment was
maintained at approximately 8 to 10° C by circulating the electrode solution through heat

exchangers connected to chillers.
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Electricity was applied to the system for 2700 h over a six-month period during the 1996
experiment. Mass balance analyses were used to examine fluid loss/gain at each set of electrode
casings. For this experiment all of the cathodes and all of the anode casings were each connected
to 950-L water tanks precluding a determination of K., for individual electrodes. Effluents from
the electrode casings were directed to individual 200-L plastic drums. The volume of water
loss/gained by each type of electrode was calculated by: 1) adding the volume of water added to
each type of electrode plus the amount of neutralizing solution added to maintain the desired pH,
and 2) subtracting the amount of effluent removed. K., of the electrode casings was calculated
using the calculated water loss/gain, the area of the ceramic portion of the clectrode casing, and the

average electric potential across the ceramic casing using Eq. (4-2).

4-4. RESULTS AND DISCUSSION
" 4-4,1. Laboratory Experiments

The calculated electroosmotic permeabilities for the laboratory experiments are illustrated
in Fig. 4-3. The average head differential and electric potentials were used to calculate the K., of
both the untreated and HDTMA-treated porous ceramics using Eq. (4-6). The untreated ceramic
had a positive K.,, suggesting water flowed from the anode reservoir through the ceramic and into
the cathode reservoir. This flow direction indicates a negative zeta potential Eq. (4-3) and hence a
negative surface charge on the ceramic. Ceramic treated with HDTMA exhibited electroosmotic
flow in the opposite direction. The net flux of water was from the cathode towards the anode,
suggesting the zeta potential and surface charge of the ceramic were both positive. Experimental
error bars were calculated by assuming a 0.05-cm measurement error while reading the height of
the fluid in the anode reservoir at the end of a test.

For both the untreated and HDTMA-treated ceramics, approximately two pore volumes

were electroosmotically flushed through the ceramic before K., reached a steady state value. The
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untreated ceramic K., was 3.0x10° cm? V' s after one pore volume was flushed, however, after
two pore volumes, K., was reduced by 20% and appeared to reach a steady state value of 2.4x10”
cm2 V1 s (Fig. 4-3). This reduction of electroosmotic flow possibly indicates a change in the pore
water chemical composition within the ceramic pores due to electroosmotic flushing. It has been
well documented that K., increases as the ionic strength of the conducting fluid decreases
(Grossman and Colburn 1992; Guzman 1993). Although the ceramic was hydraulically flushed
with phosphate buffer solution prior to conducting an experiment, the data suggests that chemical
equilibrium between the 0.0 1M phosphate buffer and the ceramic surface prior to the steady-state
K., was not completely obtained. The ionic strength of thé fluid in the anode reservoir was likely
higher than that initially contained in the ceramic pores at the onset of the experiment. As the fluid
from the anode reservoir replaced that in the ceramic during the experiment, the K., would be
expected to decrease.

The HDTMA-treated ceramic exhibited a similar reduction in clectroosmotic flow with
time. After one pore volume of electroosmotic flushing, the K., was calculated to be —3.6x 10° cm?
V's'. After two pore volumes, K,, decreased by a factor of three to a steady state value of -
1.3x10° cm® V' s (Fig. 4-3). In addition to a possible ionic strength effect as discussed for the
untreated ceramic experiments, the magnitude of this decrease in K, implies an additional
mechanism involved in the K, reduction. Possibly a portion of the surfactant may have leached off
the ceramic surface resulting in patchy bilayer coverage on the ceramic surface rather than
complete coverage. If patchy bilayer coverage occurred, then the net zeta potential would be
reduced, resulting in a steady state electroosmotic flow rate less (in the absolute sense) than that

initially observed in the untreated ceramic.
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4-4.2. Field Experiments

The K.,s from the 1994 field test for the untreated ceramic anodes were calculated by
assuming a constant hydraulic hux occurred from the anode casing. Prior to applying an electric
voltage each untreated ceramic casing lost approximately 0.12 L hr'' of water to the soil. When
voltage was applied to the field electrodes, the water loss frorrll the untreated ceramic anode casing
increased by over 40 times (up to 6 L h™). The calculated K,, using Egs. (4-1) and (4-2), was
6x10° ¢em? V' s, Although the hydraulic flux was considered constant, in actuality the hydraulic
flux would decrease with the superimposed electroosmotic flux due to a reduction in the matrix
potential outside of the electrode casings. Therefore, the calculated electroosmotic flux
underestimated the actual K,,. Still, the calculated K, of the untreated field ceramic casing was
approximately twice as high as the value obtained from laboratory testing, possibly because the
ionic strength of the solution within the field electrode casing was less than of the laboratory buffer .
solutions. Water loss at the anodes caused soil moisture contents adjacent to the untreated ceramic
anode electrode casings to increase from 2-5% to over 11% by weight. In contrast, water loss
through the untreated ceramic cathode casings decreased to less than 0.05 L ht.

The K., of the HDTMA-treated ceramic field casings could not be quantitatively
calculated for the 1996 field experimental setup because there was not an initial infiltration period
prior to applying electricity to the soil and no hydraulic gradient measurement through the ceramic.
The HDTMA-treated ceramic anode casing lost very little water (82 L per electrode) to the soil
over 2700 hours of operation (0.03 L h™"). Over the same time period, the untreated ceramic
cathode casings gained nearly the same amount (62 L per electrode) of water (0.02 L h'). Water
loss at the anodes and water gain at the cathodes suggests water transport between the electrodes

due to electroosmotic flow through the soil. Even with this electroosmotic flux, the net rate of
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water loss from the HDTMA-treated ceramic anode casings to the surrounding soil was over 100
times less than that of the 1994 experiment.

Probable water circulation within the HDTMA-treated ceramic pores maintained saturated
conditions in the anode electrode casings of the 1996 test. In the ceramic, the electroosmotic flow
was toward the interior of the electrode casing due to the HDTMA double layer. However, the
hydraulic flow component was towards the exterior of the casing, resulting in two competing
velocity profiles within the ceramic pores. The electroosmotic velocity profile rises from a value ofl
zero at the plane of shear to a uniform velocity across the pore as a result of ion transport in the
double layer (Hunter 1981). Meanwhile, the hydraulic flow profile had the greatest velocity at the
center of the pore (Fig. 4-4), and flowed in the opposite direction. Superimposing these two
profiles upon one another results in a net velocity profile that flows in one direction along the walls
of the pore but in the opposite direction in the center portion of the pore. The result is net water
circulation within the pores of the ceramic casing. Dukhin and Derjaguin (1974) have discussed
this mode of water circulation in capillary tubes.

The head differential required to counteract the electroosmotic flux through the ceramic
can be calculated using Eqs. (4-2) and (4-4), the laboratory derived K, and K, values, and the
electric potential measured across the ceramic from field data. Assuming the calculated ceramic
K., from the laboratory experiment wasrequal to the actual (but unknown) field value, the
calculated head differential across the ceramic was approximately 50-cm of water, a value much
lower than the published bubbling pressure (1200-cm H,;0) of the P3C ceramic. This matrix
potential was not sufficient to desaturate the ceramic.

The hydraulic flux of water leaving the HDTMA-treated anode ceramic casings in the
1996 field experiment was sufficient to replenish electroosmotic transported water in the soil
immediately adjacent to the casing. A depletion of soil water would occur at the soil/ceramic

interface stopping the electrokinetic process if water was not supplied to the soil through the
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electrode casing. Electroosmotic water flux in the unsaturated soil adjacent to the anode casing
was likely hydraulically replenished through the ceramic in sufficient amounts to maintain
electrical continuity through the ceramic pore water. These results were confirmed by a statistical
comparison between pre- and post-test soil samples. The statistical test results indicated that

measured moisture content adjacent to the anode electrode casings did not significantly change.

4-5. SUMMARY AND CONCLUSIONS

A treatment process was developed which allows porous ceramic to be used as an
electrokinetic anode casing material in unsaturated soils. The sorption of HDTMA to the ceramic
resulted in a strongly sorbed surfactant bilayer or at least a partial bilayer on the ceramic surface.
Laboratory testing illustrated surface charge reversal occurred when the ceramic was coated with
HDTMA resulting in a reversal in the direction of the electroosmotic flow.

The field experiment results indicated the surfactant coating was‘ maintained on the
ceramic surface over a 6-mo period during which 2700 h of electricity was applied. It is
hypothesized that hydraulic flow occurred through the center of the HDTMA-treated ce;'anﬁc
pores. This hydraulic flux kept the HDTMA-treated porous ceramic casing saturated and supplied
a sufficient water flux to the soil to replenish the water that was electroosmotically transported
away from the electrode in the soil. The results indicated that a surfactant treatment to the anode
ceramic casing material can greatly improve the application of electrokinetics in unsaturated

environments.
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4-7. NOTATION

The following symbols are used in this paper:

dH/dx

avidx

qeo

qn

dn

li

hydraulic head gradient (-);

electric potenti.al Vm'),

gravitational constant (m’s™);
electroosmotic permeability (m* V' s™);
hydraulic conductivity (m st

intrinsic permeability (m?);
electroosmotic discharge (m s™);
hydraulic specific discharge (m s™);

net discharge (m s™);

fluid permittivity (C> N" m™);

fluid viscosity (N s m?);

fraction of the cross-sectional area available for flow (-);
fluid density (kg m™); and

zeta potential (V).
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Table 4-1. Electrode Operation Equipment Used in the 1994 and 1996 Ficld Experiments

1994 Field Experiment

1996 Field Experiment

FLUID CONTROL SYSTEM

Water Level Control

Levelite Optical Probe

Flowline LV-10

pH Probe

Cole-Parmer E-27001-30

Cole-Parmer 27001-97

pH Controller

Omega pHCN-37

Signet 9030

Circulation Pump

Bennett sampling pump

QED P1101S bladder pump

Chiller | None ITT Bell & Gossett BP
honeycomb 410-40

Batch Controller Omega DPF402 Signet 9020 Intelek-Pro
Circulation Rate 0.51h 02t01.0Vh

VACUUM SYSTEM
Vacuum Generator PIAB LX5 PIAB LX10
Vacuum Regulator Moore 44-20 Moore 44-20
Applied Vacuum 10-cm Hg 35cm Hg

ELECTRODE POWER SYSTEM

Anode matenal

0.64-cm diameter irdium-

coated titanium rod

5.08-cm diameter indium-

coated titanium tube

Cathode Material

0.64-cm diameter copper rod

6.4-cm copper pipe

Power Supply

Sorensen DTR-600-4.5

Sorensen DTR-600-16T
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| Voltmeter|

Power
Suppl

6.4 mm Woven Wire
Fabric (Cathode)}——

Measuring Rule

8.9 cm OD PVC Pipe
o/ Buffer Solution Level

Cylindrical Plastic
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S8 wire mesh

6.4 mm Graphite
Rod (Anode)

Figure. 4-1. Cross-section of the laboratory apparatus
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Electrode Operation System

Influent Control System

| e )
pH Control System
N Effluent Control System
[ = Vacuum Control System
E ] PVC Flange
3R /
RA %
X &
8.9 cm OD PVC Pipe
Water Level Sensor
{
| Metallic Electrode

1 Electrode Fluid
Circulating Pump

——— 8.9 ¢m OD P3C
Porous Ceramic Tubiing

Figure. 4-2. Schematic cross-section of the operational systems, internal components, and

installation characteristics of a field electrode
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Figure. 4-3. Electroosmotic permeability of HDTMA-treated and untreated ceramic measured in
the laboratory as a function of pore volumes electroosmotically flushed through the ceramic
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Anaode Casing HDTMA-Treated Ceramic Casing Unsaturated Soil
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Figure 4-4. Schematic of electroosmotic, hydraulic, and the net velocity profile resulting
from superposition in a HDTMA-treated ceramic pore
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CHAPTER 5. SUMMARY

5-1. INTRODUCTION

Electrokinetic remediaﬁon offers an alternative method to remove contaminants from
saturated and unsaturated soils. Contaminants are transported by electromigration if they exhibit
a net charge or by electroosmosis if the are mcharged. Unsaturated soil is more difficult to
remediate than saturated soil due to the lower electrical conductivity and the electrode
engineering difficulties that need to be overcome; however this remediation process is applicable
down to near a soil’s residual moisture content. A sound theoretical understanding of the
governing processes is necessary to successfully implement and predict results of electrokinetic

remediation in unsaturated soils.

5-2. SUMMARY OF THIS DISSERTATION

A three-dimensional electromigration model for ion transport in unsaturated soil was
developed. This model assumed the electric potential field was constant with respect to time, an
assumption that is valid for highly buffered soils or when the electrode electrolysis reactions are
neutralized. The model also assumed that advective water movement through the soil due to
either electric or hydraulic potentials was negligible. The linking code between two public
domain ground water flow (MODFLOW) and transport (MT3D) numerical codes was modified
to allow these codes to predict ion transport due to an electric potential field.

The effects of pore water ion concentration on ionic mobility were included in the
electromigration transport model. lonic mobility is a function of the total concentration of ions in
the electrolyte solution (i.e., of the ionic strength). Previous electrokinetic models neglected the
reduction in ionic mobility as the concentration of the pore water increased. The electromigration
transport model estimated ionic strength from electrical conductivity data using an empirical

equation proposed by Griffin and Jurinak (1973). Ionic mobility reduction was estimated using
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the chemical activity coefficient as calculated by the Davies equation. Although chemical
activity does not exactly represent the processes that reduce ionic mobility, it does provide an
initial estimate of ionic mobility as a function of concentration. More studies are needed to
predict ionic mobility in multi-component solutions.

Tortuosity and apparent electrical conductivity functions required as input to the
electromigration transport model were developed from the model of Mualum and Friedman
(1991). Their model assumed that the electrical conductivity of the bulk solution could be
calculated using Mualem’s (1976) closed-form solution. Bulk electrical conductivity of the pore
water versus effective moisture content measurements were fitted to a power function to obtain
the regression parameters necessary to calculate the apparent electrical conductivity and
tortuosity as functions of moisture content.

Anionic dye migration velocities were measured at various moisture contents in
laboratory experiments under constant electrical current conditions. The velocities predicted by
the electromigration transport model were in agreement with the laboratory experimental results.
Both the laboratory-measured and the model-predicted red dye No. 40 results indicated a
maximum transport velocity at moisture contents less than saturation due to competing effects
between current density and tortuosity as moisture content decreases.

A treatment process was developed that allows porous ceramic to be used as
electrokinetic anode casings in unsaturated soils. The sorption of HDTMA to the ceramic
resulted in a strongly sorbed surfactant bilayer or at least a partial bilayer. Laboratory testing
illustrated surface charge reversal occurred when the ceramic was coated with HDTMA, resulting
in a reversal of the direction in the electroosmotic flow.

A field demonstration of electromigration ion transport through unsaturated soil was
performed at Sandia National Laboratories using HDTMA-treated ceramic anode casings. The
field demonstration results indicated the HDTMA coating was maintained on the ceramic surface

over a six-month period during which 2700 hours of electricity was applied. It appeared that a
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hydraulic flux, counter to the electroosmotic flux, occurred through the center of the treated
ceramic pores that kept the treated-ceramic pores saturated and supplied a sufficient water flux to
the soil to replenish soil water that was clectroosmotically transported away from the anode.
Laboratory and field results indicated that the HDTMA-treated ceramic casings greatly improved
the application of electrokinetics to unsaturated soil.

Field demonstration results also indicated preferential electromigration pathways were |
present between the cathode and anode electrodeé . Moisture content and apparent electrical
conductivity measurements in the field showed that the soil profile was heterogencous with
respect to moisture content and apparent electrical conductivity. A wetter, more electrically
conductive soil layer was measured at the upper portions of the electrodes. Acetate, a byproduct
of the neutralization reactions at the ceramic-cased cafhodes, was used to trace electromigration
pathways through the soil. Acetate concentrations in soil samples were correlated to soil zones
exhibiting high moisture content/electrical conductivity, suggesting moisture content and its
corresponding electrical conductivity greatly affect the electromigration transport pathways. The
theory developed in this dissertation shows that the electromigration velocity is proportional to
the effective moisture content raised to the n+1 power. This result indicates that field sites being
considered for electrokinetic remediation must be adequately characterized in terms of the lateral
and vertical distribution of moisture content and electrical conductivity.

Predicted acetate concentrations from layered and homogeneous models were
qualitatively compared to the field demonstration results. The layered model agreed well with the
field measurements where the highest acetate concentrations were observed in layers that had the
greatest electrical conductiv‘ities and moisture contents. The homogencous model predicted a
symmetric acetate concentration distribution between the electrodes that was not consistent with
field observations. These numerical model results suggest that accounting for soil spatial

heterogeneity is required to correctly predict electromigration transport at the field scale.
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Although the numerical models presented in this dissertation assumed a zero-
concentration boundary condition, a flux-based boundary condition would better describe the
actual field demonstration electrodes. Acetate was removed at the anode boundary during
numerical simulations of the field demonstration. If the purpose of the numerical simulation is to
quantitatively predict removal rates, then there would be a need for more accurate boundary
conditions at the anode. An approach implementing a flux boundary would be to use the
electrical transference number for the ion of interest. The transference number describes the ratio
of the current that is transported by a specific ion species to the total applied ¢lectrical current.
This method can accurately describe the molar removal rate of an ion species at the electrode.
Numerical results of ion removal rates at the electrode using a flux boundary condition could be

compared to break-through curves from laboratory and field results.

5-3. WHERE TO GO FROM HERE

Electrokinetic remediation as described in this dissertation is not the “golden bullet” to
remediate ionic contaminants in unsaturated soil. This method is limited by inadequate predictive
numerical capabilities, and insufficient technological developinent of the electrode systems. Like
all remediation techniques, electrokinetics will fail if applied in an inappropriate situation with
unrealistic expectations. However, electrokinetic remediation can be successful either by itself or
with in conjunction with other complimentary technologies provided that transport theory and
secondary effects of applying DC current through soils are understood.

The electromigration transport model developed in this dissertation is believed to be the
first to describe electrically induced ion transport through unsaturated soil. Although the focus of
the research presented hercin was anion transport, the model could also be used to predict the
electromigration of cations and colloids in the bulk pore water due to an electric potential field.
However, the model does not account for electromigration transport of cations located in the

double layer. For soils exhibiting a low negative zeta potential such as the SNL field
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demonstration site, neglecting electromigration transport of cations in the double layer is
acceptable. Additional experimental data sets are required to verify the applicability of this
model to other soil types, different electrode geometries, and other ions or colloids.

The patented electrode system developed with SNL allows ion transfer from the
unsaturated soil to a free liquid inside the electrode for subsequent extraction. However, this
system is not developed sufficiently for commercial applications. The need for liquid control, pH
conditioning and vacuum systems make the extraction system cumbersome and prone to breaking
down. Developing simpler electrode systems that incorporate contaminant-sorbing media are
necessary to commercialize electrokinetic remediation.

Limited research has been performed on the secondary effects of soil heating in
conjunction with electrokinetic remediation. Some soil heating can be beneficial from the
standpoint of reduced soil electrical conductivity and enhanced bioremediation. However, too

~much soil heating would be detrimental by focusing electrical current pathways, killing
indigenous bacteria, and transporting VOC contamination out of the electrokinetic remediation
zone.

The generation of heat via passing an electrical current through unsaturated soil will
likely limit electrokinetic remediation from becoming a robust remediation technique. The
transport of ions due to the application of current will cause an increase in the soil temperature.
The greater the rate of current application (i.e., the faster the transport of ions), the greater the rate
of heat generation. Generated heat can be expressed as kilowatt-hours per cubic meter. In an
adiabatic system, the amount of heat generated in the soil will be proportional to the amount of
energy input into the system.

However, soil generally is not considered to be adiabatic, and heat is dissipated from the
soil by conduction. In this case, comparison of the rate of energy input (i.e., power) to the rate of
heat dissipation will determine the rate of soil temperature change. Heat conduction generally

takes place in the soil particles and pore water phase with little heat transfer through the air phase.
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Heat transport by radiation, convection, and distillation are of secondary importance (Hillel,
1980).

In soils much of the heat transport takes place through the soil particles; however, soil
pofe water also plays an important role in the transport phenomena. Although the thermal
conductivity of quartz is approximately twenty times higher than that of water, the overall
thermal conductivity of a soil is a function of the ratio of the two phases as well as the interﬁal
geometry of the soil particles. Soil particles, as thermally conductive as they are, élre not well
connected to one another physically. For heat to be transferred from one soil particle to the next,
it will be transferred mainly from the first particle through the soil water and then to the next
particle. As a saturated sandy soil dries, the thermal conductivity basically decreases
proportionally to the decrease in volumetric water content. In this case, heat is being transferred
through both the solid and liquid phases, and the decrease in thermal conductivity is due chiefly
to the decrease in the water in the soil pores available to transmit the heat. However, as the soil
dries further, the amount of water diminishes to the point where the water between the soil grains
is affected, and the soil particles are not completely connected thermally. Soil thermal
conductivity per volumetric water reduction will decrease as the water connecting the individual
soil particles dries up.

The application of current to soil during electrokinetic remediation increases the
temperature of the soil in the remediation zone. Heat generated by the application of electrical
energy is dissipated by thermal conduction out of the zone of remediation. The increase in soil
temperature is a function of the rate of energy applied per unit volume of soil (i.e., kilowatts per
cubic meter), the volumetric heat capacity, the thermal conductivity of the soil, as well as the
location, geometry, and type of heat sinks. Needless to say, calculating the actual soil
temperature increase is not a trivial matter. In general, however, applying more electrical power

to the soil generally results in a corresponding increase in soil temperature.
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The effects of spatial variability are a possible complication to electribal heating during
electrokinetic remediation. Electrical current pathways are concentrated in soil horizons that
exhibit greater electrical conductivity. These soil horizons are likely to have the greatest power
density in the remediation zoné and therefore the greatest heat generation. As the temperature of
this soil horizon increases above that of the surrounding soil, the soil water viscosity decreases
and, hence, the electrical conductivity of this soil h-on'zon increases. As the electrokinetic process
continues, this cascading effect due to the interrelationship between power density, temperature,
and electrical conductivity will likely result in certain soil horizons transmitting a
disproportionately high amount of the current. The increasing soil temperature will induce
movement of the soil water out of the soil zone (i.e., by thermally induced flow or evaporation
and vapor transport). At some point, the soil moisture content will then decrease which in turn
will significantly decrease the soil electrical conductivity. Thus the electrical current pathways
change over time. The interaction of heat generation in soil and its effect on electrokinetic
transport, bioremediation, and volatilization could make an interesting extension of this
dissertation.

The process of bioremediation is also affected by soil heating. Bioremediation, either
actively managed or by natural attenuation, therefore could be either enhanced or inhibited by
electrokinetic remediation. Most bacteria are sensitive to temperature fluctuation.
Bioremediation appears most promising in soil temperatures from 0 to 25 °C. In cold climates
electrokinetic remediation could be utilized to maintain the soil temperature within temperature
ranges that support many of the bioremediation organisms. Car¢ must be take not to overheat the
soil, as soil temperatures exceeding 40 °C can severely limit most soil bacterias” metabolic rates
(Stanier et al., 1986). In addition, soil drying due to electrokinetic heating effects would also
limit bacterial activity.

Enhanced vaporization of VOCs through soil heating could be accomplished in

conjunction with electrokinetic remediation. Vapor pressures of VOCs increase with increasing



5-8

temperature. If an electrokinetic remediation zone contains VOCs, the increase in soil
temperature would result in higher VOC concentrations in the soil pores. This enhanced vapor
phase could be extracted from the electrokinctic remediation zone with soil-venting techniques,
making electrokinetic and soil venting complimentary technologies. On the negative side the
bacteria present in the soil would probably be killed with large temperature increases.

The effects of soil spatial variability on electrokinetic transport have received no attention
despite its inherent presence at the field scale. As illustrated in this dissertation, the efficiency of
electrokinetic remediation will generally be reduced by spatial variability of electrical
conductivity in unsaturated soil. Electrical current will be focussed through high electrical
conductivity layers in a fashion that may be advantageous in certain situations. For example, if
electrical conductivity is strongly correlated with moisture content and the contaminant of interest
is also correlated with moisture content, this correlation could be beneficial. More studies are
needed to develop a deeper understanding of the effects of spatial variability on the electrokinetic
transport processes.

One method to evaluate the cffectiveness of electrokinetic remediation and that has
received surprisingly little attention is to normalize the contaminant transport flux to the applied
electrical charge. In other words, relate the amount of contaminant transported to the amount of
applied electrical current. The relationship is quantified by the transference number (Bard and
Faulkner, 1980). A transference number is a dimensionless number that describes the amount of
current carried by species i compared to the total current. A transference number can be
determined with either currents or conductivities (Mattson et al. 1997; Lindgren and Mattson,
1998). The current-based transference number relates the amount of contaminant transported
across a plane (in terms of electrical charge) to the amount of current applied over some period of
time (i.¢., the total applied charge in coulombs or amp-hours).

To evaluate a potential remediation site for electrokinetic remediation, a prediction of the

current-based transference number could be determined by looking at conductivity-based
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transference numbers of soil water-extraction samples. For example, conductivity-based -
transference numbers can be calculated by multiplying the molar conductivity of chromate in the
soil water by the concentration of the contaminant and dividing this product by the measured
electrical conductivity of the solution. Mattson and Lindgren (1997) and Lindgren and Mattson
(1998) have obtained good quantitative agreement in predicting chromate removal at the SNL
field demonstration using the transference number approach.

Overall, the work presented in this disserfation advanced the application of electrokinetic
transport of ions through unsaturated soils as a remediation technique. We developed a three-
dimensional electromigration transport model and tested it against laboratory results. We
conducted a ficld demonstration of the electrokinetic remediation process in unsaturated soils. In
addition, we developed a surfactant treatment for porous ceramic casings that controlled water
addition at the anode. However, additional research is needed to better understand the effects of
ionic mobility as a function of concentration, soil heating, spatial variability, coupling with other
remediation technologies on the electrokinetic transport process. As previously discussed,
additional studies could examine using electrokinetic transport with complimentary remediation
technologies, such as bioremediation or soil venting, in an attempt to create more robust

remediation techniques.
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APPENDIX A. MODFLOW and LKMT Code Modifications

The electromigration transport model required several modifications to the MODFLOW
and LKMT code modules before it could simulate ion transport under the influence of an electric
field. Appendix A includes listings of MODFLOW modules and LKMT modules that were
modified to implement the model. Portions of the code that were deleted are shown with a line

striking out the text. Additions to code are shown as underlined text.

The major portion of the code modifications were made to LKMT.FOR. This module
was changed such that electric potential, the equivalent Darcy ion flux across each cell face, and
the location and current flow rate of the electrical source and sinks were sent from MODFLOW

output to be used as input to the MT3D calculation.

The remainder of the MODFLOW modules only required small changes. Additional
input and output blocks were added to module BCF1.FOR. The additional blocks included
transport properties of the ion of interest and soil electrical properties. MAIN FOR transferred
these data back to the appropriate MODFLOW module. The X-array size was increased in
module BAS1.FOR to allow the new electromigration transport model input parameters to be
stored. Finally, LKMT.INC was changed to read the additional electromigration transport model

input parameters from the BCF.dat (scc Appendix B) input file.



last change: E 11 Jul 98

A-2
MAIN FOR Modifications

4:56 pm

T S 3 R AR 22 s R a2 s e A R A R R AR A R A

MAIN CODE FOR MODULAR MODEL -- 9/1/87
BY MICHABL G. MCDONALD AND ARLEN W. HARBAUGH
----- VERSION 1638 24JUL1987 MAINI
WITH PCGl PACKAGE BY L.K. Kuiper, 1987 (USGS)
STR1 PACKAGE BY D.E. Prudic, 1989 (USGS)
LKMT PACKAGE BY C. Zheng, 1990 (SSP&A)

aaaa0a

Note: PCGl implemented on IUNIT (13)
STR1 implemented on IUNIT (14)
LKMT implemented on IUNIT (22}

Code modification by C. Zheng, 1887-90

Modified again by E Mattson for electric and ion flow
8

SPECIFICATIONS;
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PARAMETER (LENX=750000)

DIMENSION X{LENX)

COMMON X

COMMON /FLWCOM/ LAYCON (80)

CHARACTER*4 HEADNG,VBNM, FLNAME* 30

DIMENSION HEADNG(32),VBNM(4,20),VBVL{4,20), IUNIT(24})
DOUBLE PRECISION DUMMY

EQUIVALENCE (DUMMY,X(1})

C

C~-WRITE AN IDENTIFIER
WRITE(*,101)

101 FORMAT{I1X,"MODELOWEORMAT (1X, "MionFLOW for MT3D, vi.10.

& L& Papadopud Py jates; 'Sat-lUnsat, Inc.'/)

c

C2=mmm— ASSIGN BASIC INPUT UNIT AND PRINTER UNIT.
INBAS=1
IOUT=6

c

C--OPEN MAIN INPUT & OUTPUT FILES
FLNAME='Standard Output File: '
CALL UOPFIL(IOUT,0,FLNAME)
FLNAME='BAS Package Input File: '
CALL UOPFIL{INBAS,1,FLNAME)

c

C3—mmmmm DEFINE PROBLEM__ROWS, COLUMNS, LAYERS, STRESS PERIQODS, PACKAGES
CALL BAS1DF (ISUM, HEADNG, NPER, ITMUNI, TOTIM, NCOL, NROW, NLAY,
1 NODES, INBAS, IOUT, IUNIT)

9

C--OPEN INPUT FILES FOR VARICUS PACKAGES
TF{TUNIT(1).GT.Q) THEN
FLNAME='BCF Package Input File: '
CALL UOPFIL(IUNIT{1),1,FLNAME)
ENDIF
IF(IUNIT(2).GT.0) THEN
FLNAME='WEL Package Input File: *
CALL UOPFIL(IUNIT(2),1,FLNAME}
ENDIF
IF(IUNIT(3).GT.0) THEN
FLNAME='DRN Package Input File: °'
CALL UOPFIL(IUNIT{3),1,FLNAME)
ENDIF
IF(TUNIT(4).GT.0) THEN
FLNAME='RIV Package Input File: '
CALL UOPFIL(IUNIT(4),1, FLNAME)
ENDIF
IF(IUNIT(14).GT.0) THEN
FLNAME='STR Package Input File: '
CALL UOPFIL({IUNIT(14),1,FLNAME}
ENDIF
IF(IUNIT(5).GT.0) THEN
FLNAME="EVT Package Input File: '
CALL UOPFIL(IUNIT({5),1,FLNAME
ENDIF
IF(IUNIT(7).GT.0Q) THEN
FLNAME='GHB Package Input File: '
CALL UOPFIL(IUNIT(7),1,FLNAME)
ENDIF
IF(IUNIT(8).GT.0) THEN
FLNAME='RCH Package Input File: '
CALL UOPFIL(IUKRIT(8),1,FLNAME)
ENDIF
IF(IUNIT(9).GT.0) THEN
FLNAME="SIP Package Input File: '
CALL UOPFIL{IUNIT(9},1, FLNAME)
ENDIF
IF(IUNIT(11}.GT.0) THEN
FLNAME='SOR Package Input File: '
CALL UOPFIL(IUNIT{11),1,FLNAME)
ENDIF
IF(JUNIT({13).GT.0) THEN
FLNAME='PCG Package Input File: °*
CALL UOPFIL(IUNIT(13),1,FLNAME)
ENDIF
IF(IUNIT(12).GT.0) THEN
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FLNAME='OpC Options Input File:
CALL UOPFIL(IUNIT(12),1,FLNAME}
ENDIF
C
o2 ALLOCATE SPACE IN “X" ARRAY.
CALL BAS1AL({ISUM, LENX, LCHNEW, LCHOLD, LCIBOU, LCCR, LCCC, LCCV,
1 LCHCOF,LCRHS,LCDELR,LCDELC,LCSTRT,LCBUFF,LCIOFL,
2 INBAS, ISTRT,NCOL, NROW, NLAY, IOUT, lecond, 1theta,
lthetas,lthetao,lexpn, lthk, LFY)
TF(IUNIT (1) .GT.0) CALL BCFIAL(ISUM,LENX,LCSC1,LCHY,
1 1.CBOT, LCTOP, LESC2, LCTRPY, JUNIT (1), 1SS,
2 NCOL, NROW, NLAY, IQUT, IBCFCB}
IF(IUNIT(2).GT.0) CALL WEL1AL(ISUM,LENX,LCWELL,MXWELL, NWELLS,
1 IUNIT (2}, ICUT, IWELCB)
IF(IUNIT(3).GT.0} CALL DRNIAL(I5UM,LENX,LCDRAI,NDRAIN,MADRN,
1 IUNIT(3), IOUT, IDRNCB)
IF (IUNIT(8).GT.0) CALL RCHIAL{1SUM,LENX,LCIRCH, LCRECH, NRCHOP,
1 NCOL, NROW, TUNIT (8) , IOUT, TRCHCB)
IF(IUNIT(S).GT.0) CALL EVT1AL(ISUM,LENX,LCIEVT,LCEVIR,LCEXDP,
1 LCSURF, NCOL, NROW, NEVTOP, TUNIT (5) , IOUT, IEVTCB)
IF (IUNIT (4) .GT.0) CALL RIV1AL({ISUM,LENX,LCRIVR,MXRIVR,NRIVER,
1 IUNIT (4}, IOUT, IRIVCB)
TF (IUNIT(14).GT.0) CALL STR1AL(ISUM,LENX,LCSTRM, ICSTRM, MXSTRM,
1 NSTREM, IUNIT (14),10UT, ISTCB1, ISTCB2,NSS,NTRIB,
H NDIV, ICALC, CONST, LCTBAR, LCTRIB, LCTVAR, LCFGAR)
IF(TUNIT{7).GT.¢) CALL GHB1AL(ISUM, LENX, LCBNDS, NBOUND, MXBND,
1 IUNIT(7), IOUT, IGHBCB)
IF(IUNIT(2).GT.0) CALL SIP1AL(ISUM,LENX,LCEL,LCFL,LCGL,LCV,
1 LCHDCG, LCLRCH, LOW, MXTTER, NPARM, NCOL, NROW, NLAY,
2 IUNIT{9),I0UT)
IF(IUNIT(11).GT.0) CALL SOR1AL{ISUM,LENX,LCA, LCRES, LCHDCG, LCLRCH,
1 LCIEQP,MXITER, NCOL, NLAY, NSLICE, MBW, IUNIT (11), TOUT)
IF(IUNIT{13).GT.0) CALL PCGIAL(ISUM,LENX,LCX%V,LCXXsS,LCDT,LCEZ,
1 LCF2, LCG2, LCVV, LCE22, LCD2S, LCNU1, MXITER, NPCOND, ITYP, NCOL,
2 NROW, NLAY, IUNIT(13), IOUT,NOD)
C
CH-————m IF THE "X" ARRAY IS NOT BIG ENOUGH THEN STOP.
IF(ISUM-1.GT.LENX) STOP
C
C-—=——- READ AND PREPARE INFORMATION FOR ENTIRE SIMULATION.
CALL BAS1RP (X (LCIBOU), X (LCHNEW) ,X (LCSTRT) , X (LCHOLD) ,
1 ISTRT, INBAS, HEADNG, NCOL, NROW, NLAY, NCDES, VBVL, X{LCIOFL),
2 TUNIT(12), IHEDFM, IDDNFM, IKEDUN, IDDNUN, IOUT)

¢ ** alectrokinetic information read here**

TF(IUNIT(1).GT.0) CALL BCF1RP (X (LCIBOU),X (LCHNEW) X (LCSC1),
X (LCHY) , X (LCCR) , X (LCCC) , X (LCCV) , X {LCDELR) ,
X (LCDELC) , X (LCBOT) , X (LCTOP) , X (LCSC2} , X (LCTRPY) ,
IUNIT(1),ISS,NCOL, NROW,NLAY,NODES, I0UT,

1 TUNIT(9},IPCALC, IPRSIP, IOUT)
IF(IUNIT{11).GT.0) CALL SOR1RP(MXITER,ACCL,HCLOSE, IUNIT(11),

1 IPRSOR, IQUT)
IF(IUNIT{13).GT.0) CALL PCG1RP(MXITER,HCLOSE,RESERR,X(LCNU1),
1 IUNIT(13),I0OUT, IWRT)

C
C--OPEN UNFORMATTED FILES

IF (THEDUN.GT.0) THEN
FLNAME='Unformatted Head File: '
ITMP=-IHEDUN
CALL UQPFIL{ITMP,0,FLNAME)

ENDIF

IF (IDDNUN.GT.0) THEN
FLNAME='Unformatted Drawdown File: '
ITMP=-IDDNUN
CALL UOQPFIL(ITMP, 0, FLNAME)

ENDIF

IF(IBCFCB.GT.0) THEN
FLNAME='Unformatted Flow File: '
JTMP=-IBCFCB
CALL UOPFIL(ITMP, 0, FLNAME)

ENDIF

IF(IUNIT(22).GT.0) THEN
FLNAME='Unformatted [MT3D] File: °’
ITMP=-IUNIT(22)
CALL UOPFIL{ITMP, 0, FLNAME)

ENDIF

c

o FSSSNE. SIMULATE EACH STRESS PERIOD.
DO 300 KPER=1,NPER
KKPER=KPER
WRITE(*,*) ‘STRESS PERIOD NO.',KKPER

o4

C7A----- READ STRESS PERIOD TIMING INFORMATION.
CALL BAS1ST(NSTP,DELT, TSMULT, PERTIM, KKPER, INBAS, IOUT)

c

7B READ AND PREPARE INFORMATION FOR STRESS PERIOD.
IF(IUKIT{2}.GT.0) CALL WEL1RP (X{LCWELL),NWELLS, MXWELL, TUNIT (2},
1 10UT)
IF(IUNIT(3).GT.0) CALL DRNLAP (X (LCDRAI), NDRAIN,MXDRN, TUNIT(3)

1 10UT)
IF (TUNIT(8).GT.0) CALL RCHLRP (NRCHOP,X (LCIRCH) , X (LCRECH),
1 X (LCDELR) , % (LCDELC) , NROW, NCOL, TUNIT (8}, IOUT)
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IF(IUNIT(5).GT.0) CALL EVT1RP(NEVTOQP,X(LCIEVT),X(LCEVTR)
1 X (LCEXDP) , X (LCSURF) , X (LCDELR) , X (LCDELC) , NCOL, NROW,
JUNIT(5),IOUT}
IF (IUNIT (4).GT.0) CALL RIVIRP (X(LCRIVR),NRIVER,MXRIVR,IUNIT(4),

1 IOUT)
TF(IUNIT(14).GT.0) CALL STRIRP (X (LCSTRM),X(ICSTRM},NSTREM,
1 MXSTRM, TUNIT (14), IOUT,X (LCTBAR) ,NDIV,NSS,
1 NTRIB, X (LCIVAR) , ICALC, IPTFLG)
IF(TUNIT{7).GT.0} CALL GHB1RP (X {LCBNDS), NBOUND, MXBND, IUNIT(7),
1 10UT)

c

[oy [ SIMULATE EACH TIME STEP.
DO 206 KSTP=1,NSTP
KKSTP=KSTP
WRITE(*,*) 'TIME STEP NO.',KKSTP

c

€7C1----CALCULATE TIME STEP LENGTH. SET HOLD=HNEW..
CALL BAS1AD(DELT, TSMULT, TOTIM, PERTIM, X (LCHNEW) , X (LCHOLD) ,KKSTF,
1 NCOL, NROW, NLAY)
c
¢7C2----ITERATIVELY FORMULATE AND SOLVE THE EQUATIONS.
IFLAG=0
DO 100 KITER=1,MXITER
KKITER=KITER

c
C7C2A---FORMULATE THE FINITE DIFFERENCE EQUATIONS.
CALL BAS1FM (X (LCHCOF) , X (LCRHS) , NODES)
IF(IUNTT(1).GT.0) CALL BGF1FM (X (LCHCOF),X (LCRHS) ,X (LCHOLD),
X{LCSC1) , X (LCHNEW) , X (LCIBOU) , X (LCCR), X (LCCC) , X (LCCV)
X [LCHY) , X (LCTRPY) , X (LCBOT) , X {LCTOP) , X (LTSC2),
X {LCDELR) , X (LCDELC) , DELT, 18§, KKITER, KKSTP, KKPER, NCOL,
NROW, NLAY, TOUT)
IF (IUNIT(2).GT.0) CALL WEL1FM(NWELLS,MXWELL, X (LCRHS),X (LCWELL),
1 X {LCIBOU) , NCOL, NROW, NLAY)
IF(IUNIT(3).GT.0) CALL DRN1FM{(NDRAIN,MXDRN,X{LCDRAI)},X (LCHNEW),
1 X (LCHCOF) , X (LCRHS) , X (LCIBOU) , NCOL, NROW, NLAY)
IF(IUNIT{8).GT.0) CALL RCHLFM(NRCHOP,X (LCIRCH),X (LCRECH),
X (LCRHS) , X (LCIBOU) , NCOL, NROW, NLAY)
TF (IUNIT (5).GT.0) CALL EVTLFM(NEVTOP,X(LCIEVT),X(LCEVIR),

L N

1 X (LCEXDP) , X (LCSURF) , X (LCRHS) , X (LCHCOF) , X (LCIBOU) ,
1 X (LCHNEW) , NCOL, NROW, NLAY)

TF(IUNIT(4).GT.0) CALL RIVIEM{NRIVER,MXRIVR,X{LCRIVR},X (LCHNEW),
1 X (LCHCOF) , X (LCRHS) , X (LCIBOU) , NCOL, NROW, NLAY)

IF(IUNIT(14).GT.0) CALL STRIFM(NSTREM,X (LCSTRM},X (ICSTRM),
1 % (LCHNEW) , X (LCHCOF) , X (LCRHS) , X (LCIBOY) ,
2 MXSTRM, NCOL, NROW, NLAY, IOUT, NSS, X (LCTBAR) ,
3 NTRIB, X (LCTRIB), X (LCIVAR) , X (LCFGAR] , ICALC, CONST)
IF(TUNIT(7).GT.0) CALL GHB1FM(NBOUND,MXBND,X (LCBNDS) , X (LCHCOF),
1 X {LCRHS) , X (LCIBOU} , NCOL, NROW, NLAY)
¢
C7C2B---MAKE ONE CUT AT AN APPROXIMATE SOLUTION.
IF (TUNIT(9) .GT.0) CALL SIPLAP (X (LCHNEW),X (LCIBOU),X(LCCR),X(LCCC),

1 X (LCCV) , X (LCHCOF) , X (LCRHS) , X (LCEL) , X (LCFLY, X (LCGL) , X (LCV)
2 X (LOW) , X (LCHDCG) , X (LCLRCH) , NPARM, KKITER, HCLOSE, ACCL, ICNVG,
3 KKSTP, KKPER, IPCALC, IPRSTP, MXITER, NSTP, NCOL, NROW, NLAY, NODES ,
! TOUT)
IF(TUNIT(11).GT.0) CALL SOR1AP (X (LCHNEW),X(LCIBOU), X (LCCR)
1 X (LCCCT) , X {LCCV) , X (LCHCOF) , X (LCRHS) , X (LCA) , X (LCRES) , X (LCIEQP) ,
2 X (LCHDCG) , X (LCLRCH) , KKITER, HCLOSE, ACCL, ICNVG, KKST®, KKPER,
3 IPRSOR, MXITER, NSTP, NCOL, NROW, NLAY , NSLICE, MBW, IOUT)

IF (TUNIT(13).GT.0) CALL PCG1AP (X (LCHNEW),X(LCIBOU),X(LCCR),

1X (LCCC) , X (LECV) , X (LCHCOF ) , X (LCRHS} , X (LCXXV) , X (LCXXS) ,
2 X (LCDT) , X (LCE2} , X (LCF2) , X (LCG2) , X (LCVV) , X (LCE22) , X (LCD25) ,
3 X (LCNU1) , NPCOND, ITYP, KITER, HCLOSE, RESERR, ICNVG, MXITER,
1 NCOL, NROW, NLAY, IOUT, IWRT, NODES , OD, KSTP, KPER, MCNT, KSTPS, KPERS,
5  IFLAG)

c .
€7C2C---1F CONVERGENCE CRITERION HAS BEEN MET STOP ITERATING.
IF (IFLAG.EQ.1) GO TO 110
IF (ICNVG.EQ.1) GO TO 110
100 CONTINUE
KITER=MXITER
110 CONTINUE
c
C7C3----DETERMINE WHICH OQUTPUT IS NEEDED.
CALL BAS10C(NSTP,KKSTPF, ICNVG,X{LCIOFL}, NLAY,
1 IBUDFL, ICBCFL, IHDDFL, IUNIT(12}, IOUT)

c
C7¢8----CALCULATE BUDGET TERMS. $AVE CELL-BY-CELL FLOW TERMS,
MSUM=1
TF (IUNIT(1).GT.0) CALL BCE1BD(VBNM,VBVL,MSUM, X (LCHNEW),
1 X (LCIBOU) , X (LCHOLD) , X (LCSC1) , X (LCCR) , X {LCCC) , K (LCCV),
2 X (LCTOP) , X (LCSC2) , DELT, 158, NCOL, NROW, NLAY, KKSTP, KKPER,
3 1BCEFCB, ICBCFL, X (LCBUFF) , IOUT)
IF(IUNIT(2).GT.0) CALL WEL1BD(NWELLS,MXWELL, VBNM, VBVL, MSUM,
1 X {LCWELL) , X (LCIBOU) , DELT, NCOL, NROW, NLAY, KKSTP, KKPER, IWELCB,
1 ICBCFL, X {LCBUFF) , TOUT)
1F (TUNIT(3).GT.0) CALL DRNIED(NDRAIN,MXDRH,VBNM,VBVL,MSUM,
1 X (LCDRAI) , DELT, X (LCHNEW) , NCOL, NROW, NLAY, X {LCIBOU) , KKSTP,
2 KKPER, IDRNCR, TCBCFL, X (LCBUFF) , IOUT)
IF(TUNIT (8).GT.0) CALL RCH1BD(NACHOP,X (LCIRCH),X(LCRECH),
1 X (LCIBOU) , NROW, NCOL, NLAY, DELT, VBVL, VBNM, MSUM, KKSTP, KKPER,
2 TRCHCB, ICBCFL, X (LCBUFF} , IOUT)

1F (IUNIT(5).GT.0) CALL EVT1BD(NEVTOP,X(LCIEVT),¥ (LCEVTR)
1 X (LCEXDP) , X (LCSURF) , X (LCIBOU) , X (LCHNEW) , NCOL, NROW, NLAY,
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2 DELT,VBVL,VBNM,MSUM,KKSTP,KKPER,IEVTCB,ICBCFL,X(LCBUFF),IOUT)
IF(JUNIT(4).GT.0) CALL RIV1BD(NRIVER,MXRIVR, X (LCRIVR) , X (LCIBOU},
1 X {LCHNEW) , NCOL, NROW, NLAY, DELT, VBVL, VBNM, MSUM,
2 KKSTP,KKPER, IRIVCB, ICBCFL, X (LCBUFF}, IOUT)

IF(IUNIT(14).GT.0) CALL STRIBD(NSTREM,X(LCSTRM} ,X(ICSTRM),

1 X (LCIROU) ,MXSTRM, X (LCHNEW) , NCOL, NROW, NLAY, DELT, VBVL, VBNM, MSUM,
4 KKSTP,KKPER, ISTCB1, ISTCB2, ICBCFL, X (LCBUFF) , IOUT, NTRIB, NSS,

3 X {LCTRIB},X (LCTBAR) , X (LCIVAR) , X (LCFGAR), ICALC, CONST, IFTFLG)
IF(IUNIT{7).GT.0) CALL GHB1BD{NBOUND,MXBND, VBNM, VBVL, MSUM,

1 X (LCBNDS} , DELT, X {LCHNEW) , NCOL, NROW, NLAY, X (LCIBQU) ,KKSTP,
2 KKPER, IGHBCB, ICBCFL, X (LCBUFF) , IOUT)

c

G SAVE CELL-BY-CELL FLOW TERMS FOR USE IN MT3D

INCLUDE 'LKMT.INC'

C
C7C5---PRINT AND OR SAVE HEADS AND DRAWDOWNS. PRINT OVERALL BUDGET.
CALL BAS1OT (X (LCHNEW) ,X (LCSTRT), ISTRT, X (LCBUFF) , X (LCIGFL) ,

1 MSUM, X (LCIBOU) , VBNM, VBVL, KKSTP, KKPER, DELT,
2 PERTIM, TOTIM, ITMUNI,NCOL, NROW, NLAY, ICNVG,
3 IHDDFL, IBUDFL, IHEDFM, THEDUN, IDDNFM, IDDNUN, IOUT)

c
C7C6----1IF ITERATION FAILED TO CONVERGE THEN STOP.
IF (ICNVG.EQ.0) STOP
200 CONTINUE
300 CONTINUE

C

CB~mmm—— END PROGRAM
STOP

cC

END
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c Last change: E 11 Jul 98 4:47 pom

SUBROUTINE BAS1DF (1SUM, HEADNG, NPER, TTMUNI , TOTIM, NCOL, NROW,
1 NLAY, NODES , INBAS, IOUT, TUNIT)

————— VERSION 1513 12MAY1987 BAS1DF

PR NS R N R L R R R R R A R R RS R AR

DEFINE KEY MODEL PARAMETERS

I N Y R R 2R A R R R A R R A R A LR R R R R

SPECIFICATIONS:

nnaoaaoaaoaaa

CHARACTER*4 HEADNG
DIMENSION HEADNG(32)},IUNIT(24)

c —— ———
c
Cl-mm—vm PRINT THE NAME OF THE PROGRAM.
WRITE (IOUT, 1)
1 FORMAT (1H1,20X, *U.S. GEOLOGICAL SURVEY MODULAR',
1 * FINITE-DIFFERENCE GROUND-WATER MODEL')
o
C2=mm=m= READ AND PRINT A HEADING.
READ(INBAS,2) HEADNG
2 FORMAT(20A4)
WRITE(IOUT,3) HEADNG
3 FORMAT {1HC,32A%)
c
C3--—=== READ NUMBER OF LAYERS, ROWS,COLUMNS, STRESS PERIODS AND
C3---——~ UNIT& OF TIME CODE.
READ (INBAS,4) NLAY,NROW,NCOL,NPER, ITMUNI
4 FORMAT (8I10)
c .
Cl-————- PRINT # OF LAYERS, ROWS, COLUMNS AND STRESS PERIODS.
WRITE (IOUT,5) NLAY,NROW,NCOL
5 FORMAT (1X,I4," LAYERS',I10,' ROWS',I10," COLUMNS')
WRITE (JOUT, 6) NEPER
6 FORMAT (1X,I3,' STRESS PERIOD(S) IN STMULATION')
c
C5-————-— SELECT AND PRINT A MESSAGE SHOWING TIME UNITS.
IF(ITMUNI.LT.0 .OR. ITMUNI.GT.5) ITMUNI=0
GO TO (10,20,30,40,50), ITMUNI
WRITE (ICUT, %)
9 FORMAT (1X, "MODEL TIME UNITS ARE UNDEFINED')
GO TO 100
10 WRITE(IOUT,11)
11 FORMAT (1X, '"MODEL TIME UNIT IS SECONDS')
GO TO 100
20 WRITE(IOUT,21)
21 FORMAT (1X, 'MODEL TIME UNIT IS MINUTES')
GO TO 100
30 WRITE(IOUT,31)
31 FORMAT (1X, "MODEL TIME UNIT IS HOURS')
GO TO 100
40 WRITE(IOUT, A1}
41 FORMAT (1X, 'MODEL TIME UNIT IS DAYS')
GO TC 100
50 WRITE(IOUT,51)
51 FORMAT (1X, 'MODEL TIME UNIT IS YEARS')
c
Co——=——= READ & PRINT INPUT UNIT NUMBERS (IUNIT) FOR MAJOR OPTIONS.

100 READ(INBAS,101) IUNIT

101 FORMAT(2413)
WRITE(IOUT,102) (I,I=1,24),IUNIT

102 FORMAT (1H0, "I/0 UNITS:'/1X, "ELEMENT OF IUNIT:',2413,
1 /1%, " I1/0 UNIT:',2413)

—-INITIALIZE TOAL ELAPSED TIME COUNTER STORAGE ARRAY COUNTER
—--AND CALCULATE NUMBER OF CELLS.

TOTIM=0.

IsumM=1

NODES=NCOL*NROW*NLAY

END
SUBROUTINE BAS1AL(ISUM, LENX, LCHNEW, LCHOLD, LCIBOU, LCCR, LCCC, LCCV,
1 LCHCOF, LCRHS, LCDELR, LCDELC, LCSTRT, LCBUFF, LCIOFL, INBAS,
1 ISTRT,NCOL, NROW, NLAY, IOUT, lecond, 1theta, lthetas,
1 lthetao, lexpn, lthk, LEY)
————— VERSION 1515 12MAY1987 BASIAL

P R S L2 22 A R R a2 R R R R A L A R AL R R R R R A

ALLOCATE SPACE FOR BASIC MODEL ARRAYS

P e R R AR e AR R R e R R R R R N R R DA R LR R R LR ]

SPECIFICATIONS:

aaaoaaaaaa g

1==m=—= PRINT A MESSAGE IDENTIFYING THE PACKAGE.
WRITE(IOUT, 1) INBAS
1 FORMAT (1HO0, "BAS1 -- BASIC MODEL PACKAGE, VERSION 1, 9/1/87°,
27 INPUT READ FROM UNIT',I3)

C2==mmm READ & PRINT FLAG IAPART (RHS & BUFFER SHARE SPACE?) AND
C2-mmmm FLAG ISTRT (SHOULD STARTING HEADS BE SAVED FOR DRAWDOWN?)
READ{INBAS,2) IAPART,ISTRT
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FORMAT (2110)
IF (IAPART.EQ.0) WRITE(IOUT,3)
FORMAT (1X, 'ARRAYS RHS AND BUFF WILL SHARE MEMORY.')
IF(ISTRT.NE.O) WRITE(IOUT, %)
FORMAT (1%, "START HEAD WILL BE SAVED')
IF(ISTRT.EQ.0) WRITE(IOUT,5)
FORMAT (1X, "START HEAD WILL NOT BE SAVED',
* —— DRAWDOWN CANNOT BE CALCULATED')

3 STORE, IN ISOLD, LOCATION OF FIRST UNALLOCATED SPACE IN X.

ISOLD=1SUM
NRCL=NRCW*NCOL*NLAY

4 ALLOCATE SPACE FOR ARRAYS.

LCHNEW=ISUM
ISUM=ISUM+2*NRCL
LCHOLD=ISUM
ISUM=ISUM+NRCL
LCIBOU=15UM
ISUM=ISUM+NRCL
LCCR=I3UM
ISUM=ISUM+NRCL
LCCC=ISUM
ISUM=ISUM+NRCL
LCCV=ISUM
ISUM=TSUM+NROW* NCOL* (NLAY-1)
LCHCOF=ISUM
ISUM=ISUM+NRCL
LCRHS=ISUM
ISUM=ISUM+NRCL
LCDELR=I1SUM
ISUM=ISUM+NCOL
LCDELC=ISUM
1SUM=15UM+NROW
LCIOFL=ISUM
ISUM=ISUM+NLAY*¢
dded electrokinetic additional terms**

Yre

nd of added terms**

naoaaaaaa

o]

)]

-—IF BUFFER AND RHS SHARE SPACE THEN LCBUFF=LCRHS.
LCBUFF=LCRHS

1F(IAPART.EQ.0} GO TO 50

LCBUFF=15UM

I1SUM=ISUM+NRCL

-—1F STRT WILL BE SAVED THEN ALLOCATE SPACE.
LCSTRT=ISUM

IF(ISTRT.NE.0) ISUM=ISUM+NRCL
ISP=ISUM-1SOLD .

--PRINT AMOUNT OF SPACE USED.

WRITE (IOUT, 6} ISP

FORMAT (1X, I8, ' ELEMENTS IN X ARRAY ARE USED BY BAS')
ISUMI=ISUM-1

WRITE(IQUT,7) ISUM1,LENX

FORMAT {1X, 18, ' ELEMENTS OF X ARRAY USED QUT OF',18)
IF(ISUM1.GT.LENX) WRITE(IOUT,B)

FORMAT (1X, " +++¥ ARRAY MUST BE DIMENSIONED LARGER***'")}

RETURN

END
SUBROUTINE BAS1AD(DELT, TSMULT, TOTIM, PERTIM, HNEW, HOLD, KSTP,
NCOL, NROW, NLAY)

VERSION 1412 22FEB1982 BAS1AD

O N 2 R R 2 A s R T N RN R R A A R A S A R

ADVANCE TO NEXT TIME STEP

P N R 2R 2 R R AR LR R R e R R R R R R R R AR R AR R

SPECIFICATIONS:

DOUBLE PRECISION HNEW

DIMENSION HNEW (NCOL, NROW,NLAY), HOLD(NQOL,NROW,NLAY)
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Cl--———- IF NOT FIRST TIME STEP THEN CALCULATE TIME STEP LENGTH.
IF (KSTP.NE.1) DELT=TSMULT*DELT

------ ACCUMULATE ELAPSED TIME IN SIMULATION(TOTIM) AND IN THIS
-STRESS PERIOD (PERTIM).

TOTIM=TOTIM+DELT

PERTIM=PERTIM+DELT

C
C3=v—m——— COPY HNEW TO HOLD.

DO 10 K=1,NLAY

DO 10 I=1,NROW

DO 10 J=1,NCOL

10 HOLD(J,I,K)=HNEW(J,I,K)

c
Cd=mmm RETURN

RETURN

END

SUBROUTINE BAS1FM(HCOF, RHS,NODES]
C
[of
Cm===- VERSION 1632 24JUL1987 BASIFM
c P T R A R AR R R R R e e R R R R N A AR AR AR
o] SET HCOF=RHS=0.
c F e L LA RR IR r e AR R SR R R L
c SPECIFICATIONS:
c _— - —_— — -

DIMENSION HCOF (NODES) , RHS (NODES)
c e e ———————— e
Cc
Cl——-—m FOR EACH CELL INITIALIZE HCOF AND RHS ACCUMULATORS.

DO 100 I=1,NODES

HCOF (TI)=0.

RHS (1)=0.

100 CONTINUE

C
C2=mm==- RETURN

RETURN

END

SUBRQUTINE BAS1OC(NSTP,KSTP, ICNVG, IOFLG,NLAY,

1 IBUDFL, ICBCFL, THDDFL, INOC, IOUT)
C
C-———- VERSION 1632 24JUL1987 BAS10C
g IhliQii*.’iihiii"iit‘liiiiih‘.tiﬁiﬁﬁi}i&ﬁ‘liiiit{&Ql‘lll"it*i**ﬁ(—u\b
C QUTPUT CONTROLLER FOR HEAD, DRAWDOWN, AND BUDGET
c e Y T R N R e T R R e R R R
C
C SPECIFICATIONS:
e ———————— e

DIMENSION IOFLG{NLAY,4)

-TEST UNIT NUMBER (INOCC (INOC=IUNIT(12))) TO SEE IF
-OUTPUT CONTROL IS ACTIVE.
IF (INOC,NE.D)GC TO 500

C
C2——mmm= IF QUTPUT CONTROL IS INACTIVE THEN SET DEFAULTS AND RETURN.
THDDFL=0
IF(ICNVG.EQ.0 .OR. KSTP.EQ.NSTP)IHDDFL=1
IBUDFL=0
IF(ICNVG.EQ.0 .OR. KSTP.EQ.NSTP)IBUDFL=1
ICBCFL=0
GO TO 1000
C
ok EE R e READ AND PRINT OUTPUT FLAGS AND CODE FCR DEFINING IOFLG.
500 READ(INOC, 1) INCODE, IHDDFL, IBUDFL, ICBCFL
1 FORMAT(4I10)
WRITE(IOUT,3) IHDDFL,IBUDFL,ICBCFL
3 FORMAT {1HO, "HEAD/DRAWDOWN PRINTOQUT FLAG =",12,
1 5X, 'TOTAL BUDGET PRINTOUT FLAG =",12,
2 5X, "CELL-BY-CELL FLOW TERM FLAG =',I2}
C
Ci-mmm—= DECODE INCODE TO DETERMINE HOW TO SET FLAGS IN IOFLG.
IF (INCODE) 100,200,300
c
CHm====== USE 10FLG FROM LAST TIME STEF.
100 WRITE({IOQUT,101)
101 FORMAT (1H , "REUSING PREVIOUS VALUES OF 10FLG')
GO TO 600
c
Co-—m—— READ ICFLG FOR LAYER 1 AND ASSIGN SAME TO ALL LAYERS

200 READ(INOC,201) (IOFLG(1,M) M=1,4
201 FORMAT(4110)
DO 210 K=1,NLAY
IOFLG(K,1)=I0FLG(1,1)
IOFLG (K, 2)=TOFLG (1, 2)
IOFLG(K,3)=ICFLG(1,3)
IOFLG(K,4)=IOFLG(1,4)
210 CONTINUE
WRITE(IOUT,211) (IOFLG{1,M),M=1,14)
211 FORMAT (1HO, *OUTPUT FLAGS FOR ALL LAYERS ARE THE SAME:'/
1 1X,' HEAD DRAWDOWN HEAD DRAWDOWN'/
21X, 'PRINTOUT PRINTOUT SAVE SAVE'/
3 1X%,38('-")/1X,15,I10,18,18)
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GO TO 600
c
Clmmmmmm READ TOFIG IN ENTIRETY
300 READ(INOC,301) ((IOFLG{(K,I),I=1,4),K=1,NLAY)
301 FORMAT({4110¢)
WRITE (IOUT, 302)
302 FORMAT (1HO, *OUTPUT FLAGS FOR EACH LAYER:'/

11X, HEAD DRAWDOWN HEAD DRAWDOWN '/

21X, 'LAYER PRINTOUT PRINTOUT SAVE SAVE'/

31X, 41(-7)

WRITE (IOUT,303) (K, (IOFLG(K,I),I=1,4),K=1,NLAY)

303 FORMAT(1X,14,18,I10,18,18)
c
[ THE LAST STEP IN A STRESS PERIOD AND STEPS WHERE ITERATIVE
C8------ PROCEDURE FAILED TQ CONVERGE GET A VOLUMETRIC BUDGET.

600 IF(ICNVG.EQ.0 .OR. KSTP.EQ.NSTP) IBUDFL=1
c
C9=mmmmm RETURN

1000 RETURN

END
SUBROUTINE BAS1OT (HNEW, STRT, ISTRT,BUFF, IOFLG,MSUM, IBOUND, VBNM,
1 VBVL,KSTE,KPER,DELT, PERTIM, TOTIM, ITMUNI, NCOL, NROW, NLAY, ICNVG,
2 IHDDFL, 1BUDFL, IHEDFM, THEDUN, IDDNFM, IDDNUN, JOUT)
Cammm= VERSION 1522 12ZMAY1987 BAS1OT
C bi{*tttttittt'ii'.iii#0&0“04&&*#0.#&#{i&itihibtitii&w&wAiiﬁiiﬁ‘ii
c OUTPUT TIME, VOLUMETRIC BUDGET, HEAD, AND DRAWDOWN
C taWw‘iﬁﬁiiiOtiﬁiﬁﬁibiiQOiiiillAi‘btﬁ*i&it}utat'tinn"'qtdtn&ti&ili
c
c SPECIFICATIONS:
ol [ ———————— S
CHARACTER*4 VBNM
DOUBLE PRECISION HNEW
c
DIMENSION HNEW(NCOL, NROW,NLAY), STRT (NCOL, NROW, NLAY) ,

1 VBNM({4,20),VBVL(4,20), IOFLG (NLAY,4),

2 IBOUND (NCOL, NROW, NLAY) , BUFF (NCOL, NROW, NLAY)
- -
c
Cl-—————- CLEAR PRINTOUT FLAG (IPFLG)

IPFLG=0

--IF ITERATIVE PROCEDURE FAILED TO CONVERGE PRINT MESSAGE
IF(ICNVG.EQ.0) WRITE(IOUT,1) KSTP,KPER
1 FORMAT (1HO, 10X, '*++#+FATLED TO CONVERGE IN TIME STEP', I3,

1 * OF STRESS PERIOD®, I3, "#*#*")
C
Clmmm—— TIF HEAD AND DRAWDOWN FLAG (IHDDFL) 1S SET WRITE HEAD AND
C3————— DRAWDOWN IN ACCORDANCE WITH FLAGS IN IOFLG.
IF(IHDDFL.EQ.0} GO TC 100
CALL SBASI1H(HNEW,BUFF, IOFLG,KSTF,KPER, NCOL, NROW,
1 NLAY, IOUT, IHEDFM, IHEDUN, IPFLG, PERTIM, TOTIM)
CALL SBAS1D(HNEW,BUFF, IOFLG,KSTP,KPER, NCOL, NROW, NLAY, IOUT,
1 IDDNFM, IDDNUN, STRT, ISTRT, 1BOUND, IPFLG, PERTIM, TOTIM)
c
Clowmmm— PRINT TOTAL BUDGET IF REQUESTED

100 IF(IBUDFL.EQ.0) GO TO 120
CALL SBASI1V(MSUM, VBNM, VBVL,KSTP,KPER, IOUT}
IPFLG=1

END PRINTOUT WITH TIME SUMMARY AND FORM FEED IF ANY PRINTOUT
WILL BE PRODUCED.
120 IF(IPFLG.EQ.0) RETURN
CALL SBAS1T(KSTP,KPER,DELT,PERTIM, TOTIM, ITMUNI, 10UT)
WRITE (IQUT,101)
101 FORMAT(1H1)

c
o RETURN
RETURN
END
SUBROUTINE BAS1RP (IBOUND, HNEW, STRT,HOLD, ISTRT, INBAS,
1 HEADNG, NCOL, NROW, NLAY, NODES, VBVL, TOFLG, INOC, THEDFM,
2 IDDNFM, THEDUN, IDDNUN, IOUT)
[ VERSION 1628 15MAY1687 BASIRP
C P S R S L R R A R R R R R N R AR R R R R A R R R s
c READ AND INITIALIZE BASIC MODEL ARRAYS
C fﬂbi&ﬁ}i§ﬁ&&‘0h.i.lhi'iOi&t.ii&tii&&}Q‘a&iiﬁiihi&t'ti&id'i&iii.iti
c
c SPECIFICATIONS:
¢ - - o -
CHARACTER*4 HEADNG, ANAME
DOUBLE PRECISION HNEW,HNOFLO
¢
DIMENSION HNEW (NODES), IBOUND (NODES), STRT (NODES) , HOLD (NODES) ,
1 ANAME (6, 2) , VBVL (4, 20) , TOFLG (NLAY, 4) , HEADNG (32)
c
DATA ANAME (1, 1), ANAME(2, 1), ANAME (3,1) (ANAME (4, 1) , ANAME (5,1},
1 ANAME(6,1) /°* ', *,* BO',"UNDA','RY A', "RRAY'/
DATA ANAME (1,2),ANAME(2,2), mmm(a 2),ANAME (4,2) , ANAME (5,2},
1 ANAME(6,2) /° [ ', *,*INIT',*IAL ', "HEAD'/
C Ll
c
o3 E— PRINT SIMULATION TITLE, CALCULATE # OF CELLS IN A LAYER.

WRITE (IOUT,1) HEADNG '
1 FORMAT (1H1,32A4)
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NCR=NCOL* NROW

C2=—emmm READ BOUNDARY ARRAY (IBOUND) ONE LAYER AT A TIME.
DO 100 K=1,NLAY
KK=K
LOC=1+ (K-1)*NCR
CALL U2DINT (IBOUND(LOC),ANAME (1,1), NROW,NCOL, KK, INBAS, I0UT)
100 CONTINUE

C3-—-——- READ AND PRINT HEAD VALUE TO BE PRINTED FOR NO-FLOW CELLS.
READ (INBAS, 2) TMP
2 FORMAT(F10.0)
HNQF LO=TMP
WRITE(IOUT,3) TMP
3 FORMAT (1HO, 'AQUIFER HEAD WILL BE SET TO ',1PG11.5,
1 ' AT ALL NO-FLOW NODES (IBOUND=0).")

o7 JO— READ STARTING HEADS.
DO 300 K=1,NLAY
KK=K
LOC=1+ (K-1) *NCR
CALL U2DREL (HOLD (LOC) , ANAME (1,2) , NROW, NCOL, KX, INBAS, TOUT)
300 CONTINUE

SET IBOUND=0 IF HOLD IS 1.E30 OR 888.88

DO 350 I=1,NODES

IF (IBOUND(I) .EQ.0} GOTO 350

IF (HOLD(I).EQ.1.E30.0R.HOLD (1) .EQ.888.88) IBOUND(I)=0
350 CONTINUE

Ch-mmmmm COPY INITIAL HEADS FROM HOLD TO HNEW.
DO 400 I=1,NODES
HNEW (1) =HOLD (I}
IF(IBOUND(I) .EQ.0) HNEW (T)=HNOFLO
400 CONTINUE

c
[of: BEEEESS IF STARTING HEADS ARE TO BE SAVED THEN COPY HOLD TO STRT.
IF(ISTRT.FQ.0) GO TO 590
DO 500 I=1,NODES
STRT (1)=HOLD(I)
500 CONTINUE
c
CT-————- INITIALIZE VOLUMETRIC BUDGET ACCUMULATORS TC ZERO.
590 DO 600 I=1,20
Do 600 J=1,4
VBVL(J, I)=0.
600 CONTINUE
c
C8-——~-- SET UP OUTPUT CONTROL.
CALL SBAS1I (NLAY,ISTRT,IOFLG,INOC,IOUT,IHEDEM,
1 IDDNFM, IHEDUN, IDDNUN)
c
CO——=mmm RETURN
1000 RETURN
END
SUBROUTIME BAS1ST(NSTP,DELT, TSMULT, PERTIM, KPER, INBAS, IOUT)
c
[
G- VERSION 1614 0BSEP1982 BAS1ST
C ﬁ&)ii«iriitiai&o{QoAiﬁ*'tbﬁiiiattd—i‘ti&t&ii+h§tt00i{!iwbiiii§tt0i&f
c SETUP TIME PARAMETERS FOR NEW TIME PERIOD
C iii—i}i{iiﬁttt'ttii—'}ii.*Oﬁ&&‘itiitltibﬁ{ti{&itiiii&io&*‘iﬁihadtl&&
o
c SPECIFICATIONS:
[«
c e
c -
Cl-—-—— READ LENGTH OF STRESS PERIOD, NUMBER OF TIME STEPS AND.
Clammmmer TIME STEP MULTIPLIER. )
READ (INBAS,1) PERLEN,NSTP,TSMULT
1 FORMAT(F10.0,710,F10.0
c
C2-———-— CALCULATE THE LENGTH OF THE FIRST TIME STEP.
c
C2A-—-—- ASSUME TIME STEP MULTIPLIER IS EQUAL TO ONE.
DELT=PERLEN/FLOAT (NSTP)
[
C2B-m——- 1F TIME STEP MULTIPLIER IS NOT ONE THEN CALCULATE FIRST
C2B-——-— TERM OF GEOMETRIC PROGRESSION.
IF (TSMULT.NE.1.) DELT=PERLEN*{1.-TSMULT)/ (1.-TSMULT**NSTP
o
C3~~==m- PRINT TIMING INFORMATION.
WRITE (IOUT,2) KPER,PERLEN,NSTP,TSMULT,DELT
2 FORMAT (1H1,51X, *STRESS PERIOD NO.',I4,', LENGTH =',G15.7/52X
1,46('-")//52%X, "NUMBER OF TIME STEPS =',16
2//53%, *MULTIPLIER FOR DELT =",F10.3
3//50X, "INITIAL TIME STEP SIZE =',G15.7)
C
Ch—m - INITIALIZE PERTIM (ELAPSED TIME WITHIN STRESS PERIOD).
PERTIM=0.
c
[o-EEEEEE RETURN
RETURN
END

SUBROUTINE SBAS1D(HNEW,BUFF, IOFLG,KSTP, KPER, NCOL, NROW,
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1 NLAY, IOUT, IDDNFM, IDDNUN, STRT, ISTRT, IBOUND, IPFLG,
2 PERTIM, TOTIM)
————— VERSICON 1630 15MAY1987 SBASID

B I R A R R A R R R

CALCULATE PRINT AND RECORD DRAWDOWNS

C
c
I P R R I R R R Y
c
[

SPECIFICATIONS

CHARACTER*4 TEXT
DOUBLE PRECISION HNEW

c
DIMENSION HNEW (NCOL,NROW,NLAY), TOFLG (NLAY,d),TEXT(4),
1 BUFF (NCOL, NROW, NLAY) , STRT {NCOL, NROW, NLAY)
2 IBOUND (NCOL, NROW, NLAY)
C
DATA TEXT(1),TEXT(2),TEXT(3),TEXT (4} /' T ', 'DRAW",
1 TDOWN "/
€ e e
c
Cl----—- FOR EACH LAYER CALCULATE DRAWDOWN IF PRINT OR RECORD
o] RE— 15 REQUESTED .
DO 59 K=1,NLAY
c
[ S IS DRAWDOWN NEEDED FRO THIS LAYER?
IF (IOFLG(K,2) .EQ.0 .AND. IOFLG(X,4).EQ.0) GO TO 59
c
[oF S DRAWDOWN IS NEEDED. WERE STARTING HEADS SAVED?
IF(ISTRT.NE.0) GO TO 53
¢
(o7 S STARTING HEADS WERE NOT SAVED. PRINT MESSAGE AND STOP.
WRITE (IOUT,52)
52 FORMAT (1HO, "CANNOT CALCULATE DRAWDOWN BECAUSE START',
1 ' HEADS WERE NOT SAVED')
STOP
c
o —— CALCULATE DRAWDOWN FOR THE LAYER.

53 DO 58 I=1,NROW
DO 58 J=1,NCOL
HSING=HNEW (J, T,K)
BUFF (J, I,K)=HSING
IF(IBOUND(J,T,K) .NE.0) BUFF(J,I,K)=STRT(J,I,K)-HSING
58 CONTINUE
53 CONTINUE

-FOR EACH LAYER: DETERMINE IF CTRAWDOWN SHOULD BE PRINTED.
—————— IF SO THEN CALL ULAPRS OR ULAPRW TO PRINT DRAWDOWN.

DO &9 K=1,NLAY

KK=K

IF(IOFLG(K,2).EQ.0) GO TO 89

IF(IDDNFM.LT.0) CALL ULAPRS(BUFF(1,1,K),TEXT(1),KSTP,KPER,

1 NCOL, NROW, KK, ~IDDNFM, IOUT}

IF (IDDNFM.GE.0) CALL ULAPRW(BUFF(1,1,K),TEXT(1),KSTP, KPER,

1 NCOL, NROW, KK, IDDNFM, TOUT)
IPFLG=1
63 CONTINUE
c
C7—mmmmm FOR EACH LAYER: DETERMINE IF DRAWDOWN SHOULD BE RECORDED.
C7—— IF 50 THEN CALL ULASAV TO RECORD DRAWDOWN.
IFIRST=1

IF (IDDNUN.LE.0) GO TO BO

DO 79 K=1,NLAY

KK=K

IF (IQFLG(K,4) .LE.0) GO TO 79

IF(IFIRST.EQ.1) WRITE(IOUT,78) IDDNUN,KSTP,KPER
78 FORMAT (1HO, "DRAWDOWN WILL BE SAVED ON UNIT',13,

1 * AT END OF TIME STEP®,13,', STRESS PERICD',I3)
IFIRST=0
CALL ULASAV(BUFF(1,1,K),TEXT(1},6KSTP,KPER, PERTIM, TOTIM, NCOL,
1 NROW, KK, IDDNUN)
7% CONTINUE
C
C8—---—- RETURN
80 RETURN
END
SUBROUTINE SBAS1H(HNEW,BUFF, IOFLG,KSTP,KPER, NCOL, NROW,
1 NLAY, IOUT, IHEDFM, IHEDUN, IPFLG, PERTIM, TOTIM)
C E
Cmm— VERSION 1653 15MAY1987 SBASIH
c T Iy
o} PRINT AND RECORD HEADS
[ R N R N RN AR R AR S R R LR
[of
C SPECIFICATIONS
C e e it it i —————————
CHARACTER*4 TEXT
DOUBLE PRECISION HNEW
C
DIMENSTON HNEW (NCOL,NROW,NLAY), IOFLG (NLAY, 4), TEXT (4},
1 BUFF (NCOL, NROW, NLAY)
C
DATA TEXT(1),TEXT(2),TEXT(3),TEXT({4) /* L e .
"HEAD'/
€ e
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Clmmmmmm FOR EACH LAYER: PRINT HEAD IF REQUESTED.
DO 39 K=1,NLAY
KK=K

C

o R TEST IOFLG TO SEE IF HEAD SHOULD BE PRINTED.
IF (IOFLG (K,1).EQ.0) GO TO 39
IPFLG=1

c

C3emmmmm COPY HEADS FOR THIS LAYER INTO BUFFER.

DG 32 I=1,NROW
DO 32 J=1,NCOL
BUFF (J,1,1)=HNEW(J,1,K)

32 CONTINUE
[
Cl--—-—- CALL UTILITY MODULE TO PRINT CONTENTS OF BUFFER.
1F (IHEDFM.LT.0) CALL ULAPRS (BUFE,TEXT{1) KSTP, KPER,NCOL, NROW, KK,
1 -IHEDFM, I0UT)
IF (IHEDFM.GE. 0} CALL ULAPRW (BUFF,TEXT(1),KSTP,KPER, NCOL, NROW, KK,
1 THEDFM, TOUT}
39 CONTINUE
c
[l IF UNIT FOR RECORDING HEADS <= 0: THEN RETURN.
TF (THEDUN.LE.0)GO TO 50
IFIRST=1
c
Cé-————— FOR EACH LAYER: RECORD HEAD IF REQUESTED.
O 49 K=1,NLAY
KK=K
=
CT-=-=-= CHECK 10FLG TO SEE TF HEAD FOR THIS LAYER SHOULD BE RECORDED.
IF(IQFLG(K,3).LE,0) GO TO 49
TF(IFIRST.EQ.1) WRITE(IOUT,41) IHEDUN,KSTP,KPER
11 FORMAT (1HCO,'HEAD WILL BE SAVED ON UNIT',I3," AT END OF TIME STEP',
1 I3,', STRESS PERIOD',I3)
IFIRST=0
c
Cfmmmmmm COPY HEADS FOR THIS LAYER INTO BUFFER.
DO 44 I=1,NROW
DO 44 J=1,NCOL
BUFF (J,1,1)=HNEW(J,I,K)
44 CONTINUE
c
€Y RECORD CONTENTS OF BUFFER ON UNIT=IHEDUN
CALL ULASAV(BUFF,TEXT{1),KSTP,KPER, PERTIM, TOTIM, NCOL, NROW, KK,
1 THEDUN)
49 CONTINUE
c
CL0m——mm RETURN
50 RETURN ’
END
SUBROUTINE SBAS1I(NLAY,ISTRT,IOFLG,INOC, IOUT, THEDFM,
1 IDDNFM, IHEDUN, IDDNUN)
o
Commmmme VERSION 1531 12MAY1987 SBAS1I
[ P N 2 R 2 2 R R R R R R R R R R e R AR
c SET UP OUTPUT CONTROL
c O O T T
c
c SPECIFICATIONS:
€ e
DIMENSION IOFLG{NLAY,4)
(o} - —_——— Fp— -——
of
Clomm e TEST UNIT NUMBER FROM IUNIT (INOC) TO SEE IF OUTPUT
o AR CONTRCL 15 ACTIVE.
TF{INOC.LE.0) GO TO 600
of
e READ AND PRINT FORMATS FOR PRINTING AND UNIT NUMBERS FOR
C2-mmmmm RECORDING HEADS AND DRAWDOWN. THEN RETURN.

500 READ (INOC,1)IHEDFM,IDDNFM, IHEDUN, IDDNUN
1 FORMAT (4110)
WRITE (IOUT, 3) IHEDFM, IDDNFM
3 FORMAT (1HO, "HEAD PRINT FORMAT IS FORMAT NUMBER',I4,
1 N DRAWDOWN PRINT FORMAT IS FORMAT NUMBER', 14)
WRITE (IOQUT,4)IHEDUN, IDDNUN
4 FORMAT ({1HO, "HEADS WILL BE SAVED ON UNIT', 13,

1 ' DRAWDOWNS WILL BE SAVED ON UNIT',I3)
WRITE (IOUT,56&1)
61 FORMAT(1HOD, *OUTPUT CONTROL 15 SPECIFIED EVERY TIME STEP')
GO TO 1000
[
C3—————1 OUTPUT CONTROL IS INACTIVE. PRINT A MESSAGE LISTING DEFAULTS.

600 WRITE(IOUT,641)
641 FORMAT (1HO, 'DEFAULT OUTPUT CONTROL -- THE FOLLOWING OUTPUT’,
1 ' COMES AT THE END OF EACH STRESS PERIOD:')
WRITE (IOUT, 642)
642 FORMAT (1X, 'TOTAL VOLUMETRIC BUDGET')
WRITE (IOUT,643)
643 FORMAT(1X,10X, "HEAD')
IF (ISTRT.NE.O)WRITE (IOUT, 644)
644 FORMAT (1X, 10X, 'DRAWDOWN')

Ch - SET THE FORMAT CODES EQUAL TO THE DEFAULT FORMAT.
IHEDFM=0
IDDNFM=0
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-SET DEFAULT FLAGS IN IOFLG SO THAT HEAD (AND DRAWDOWN) IS

-PRINTED FOR EVERY LAYER.
1D=0
IF (ISTRT.NE.O) ID=1

670 DO 680 K=1,NLAY
TOFLG(K,1)=1
IOFLG (K, 2)=ID
10FLG (K, 3) =0
IOFLG (K, 4) =0

680 CONTINUE
GO TO 1000

END
SUBROUTINE SBAS1T(KSTP,KPER,DELT, PERTIM, TOTIM, ITMUNI, IOUT)

----- VERSION 0837 0ZAPR1398Z SBASIT

N S LA R R R R A A L R R R R R R

PRINT SIMULATION TIME

Y 2 A R R R A R AR R R A R R s R R O A R R ]

SPECIFICATIONS:

anooaooaonaoaaan

WRITE (IOUT,199) KSTP,KPER
199 FORMAT (1HO,///10X,'TIME SUMMARY AT END OF TIME STEP’', I3,
1 * IN STRESS PERICD®,13)

Clemm e USE TIME UNIT INDICATOR TO GET FACTOR TO CONVERT TO SECONDS.
CNv=0.
IF(ITMUNI.EQ.1} CNV=1.
IF(ITMUNI.EQ.2) CNV=60.
TF(ITMUNI.EQ.3) CNV=3600.
IF(ITMUNI.EQ.4) CNV=86400.
IF(ITMUNI.EQ.5) CNV=31557600.

C2—————- IF FACTOR=0 THEN TIME UNITS ARE NON-STANDARD.
IF{CNV.NE.0.} GO TO 109

C2A-=-—-- PRINT TIMES IN NON-STANDARD TIME UNITS.
WRITE (IOUT,301) DELT,PERTIM, TOTIM
301 FORMAT (21X, TIME STEP LENGTH =',G15.6/
1 21X, * STRESS PERIOD TIME =',G15.6/
z 21X, "TOTAL SIMULATION TIME =',G15.6)

C3=—————- CALCULATE LENGTH OF TIME STEP & ELAPSED TIMES IN SECONDS.
100 DELSEC=CNV*DELT
TOTSEC=CNV*TOTIM
PERSEC=CNV*PERTIM

Clmmmmmm CALCULATE TIMES IN MINUTES,HOURS,DAYS AND YEARS.
DELMN=DELSEC/ 60.
DELHR=DELMN/60,
DELDY=DELHR/24.
DELYR=DELDY/36%.25
TOTMN=TOTSEC/60.
TOTHR=TOTMN/60.
TOTDY=TOTHR/ 24 .
TOTYR=TOTDY/365.25
PERMN=PERSEC/60.
PERHR=PERMN/60.
PERDY=PERHR/24 .
PERYR=PERDY/365.25

Chmm———- PRINT TIME STEP LENGTH AND ELAPSED TIMES IN ALL TIME UNITS.

WRITE(IOUT, 200)

200 FORMAT (27X, " SECONDS MINUTES HOURS', 10X,
1 'DAYS YEARS'/27X,75{'=-"})
WRITE (IOUT,201) DELSEC,DELMN,DELHR,DELDY,DELYR

201 FORMAT(1X, " TIME STEP LENGTH',5X,5G15.6)
WRITE(IOUT,202) PERSEC, PERMN, PERHR, PERDY, PERYR

202 FORMAT(1X,' S5TRESS PERIOD TIME',S8X,5G15.6)
WRITE{IOUT,203) TOTSEC,TOTMN, TOTHR,TOTDY, TOTYR

203 FORMAT(1X, 'TOTAL STMULATION TIME®,5X,5G15.86)

END
SUBROUTINE SBAS1V{MSUM,VBNM,VBVL,KSTP, KPER,IOUT)

————— VERSION 1531 12MAY1987 SBAS1V

Y R R R R R R R R T R L

PRINT VOLUMETRIC BUDGET

R N N 2 R A R R R A N N R Ny R R A R R AR e

SPECIFICATIONS:

CHARACTER*4 VBNM

aaaaaaoana
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DIMENSION VBNM(4,20),VBVL{4,20}

—————— DETERMINE NUMBER OF INDIVIDUAL BUDGET ENTRIES.
MSUM1=M5UM-1
IF (MSUM1.LE.0} RETURN

—————— CLEAR RATE AND VOLUME ACCUMULATORS.
TOTRIN=0.
TOTROT=0.
TOTVIN=0.
TOTVOT=0.

—————— ADD RATES AND VOLUMES ({IN AND QUT) TO ACCUMULATORS.
DO 100 L=1,MSUM
TOTRIN=TOTRIN+VBVL(3,L)
TOTROT=TOTROT+VBVL (4, L)
TOTVIN=TOTVIN+VBVL(1,L)
TOTVOT=TOTVOT+VBVL (2, L)
100 CONTINUE

777777 PRINT TIME STEP NUMBER AND STRESS PERIOD NUMBER.
WRITE (IOUT,260} KSTP,KPER
WRITE {IOUT, 265}

777777 PRINT INDIVIDUAL INFLOW RATES AND VOLUMES AND THEIR TOTALS.
DO 200 L=1,MSUM1
WRITE (10UT,275) (VBNM(I,L),I=1,4),VBVL(1,L), (VBNM(I,L),I=1,4)
1,VBVL(3,L)

200 CONTINUE
WRITE (IOUT,286) TOTVIN,TOTRIN

------ PRINT INDIVIDUAL OUTFLOW RATES AND VOLUMES AND THEIR TOTALS.
WRITE (IOUT,287)
DO 250 Lel,MSUML
WRITE (IOUT,275) (VBNM(I,L),1=1,4),VBVL(2,L), (VBNM(I, L) I=1,4)
1,VBVL(4,L)

250 CONTINUE
WRITE (IOUT, 298) TOTVOT, TOTROT

------ CALCULATE THE DIFFERENCE BETWEEN INFLOW AND OUTFLOW.

A-——mm CALCULATE DIFFERENCE BETWEEN RATE IN AND RATE OUT.
DIFFR=TOTRIN-TOTROT

B————-— CALCULATE PERCENT DIFFERENCE BETWEEN RATE IN AND RATE OUT.
PDIFFR=100.*DIFFR/ ( {TOTRIN+TOTROT)/2)

C—-—— CALCULATE DIFFERENCE BETWEEN VOLUME IN AND VOLUME OUT.
DIFFV=TOTVIN-TOTVOT

D-——-- GET PERCENT DIFFERENCE BETWEEN VOLUME IN AND VOLUME OUT.
PDIFFV=100.¢DIFFV/ { (TOTVIN+TOTVOT}/2)

------ PRINT DIFFERENCES AND PERCENT DIFFERENCES BETWEEN INPUT

C8-————- AND OUTFUT RATES AND VOLUMES.

WRITE(IOUT,299) DIFFV,DIFFR
WRITE(IOUT,300) PDIFFV,PDIFFR

—~-FORMATS

260 FORMAT (1H0,///30X, 'VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF'
1,' TIME STEP',I3," IN STRESS PERIOD',I13/30X,77('-'))

265 FORMAT (1HO, 16X, 'CUMULATIVE VOLUMES®,6X, 'L**3', 37X
1,"RATES FOR THIS TIME STEP',6X,'L**3/T'/20X,18('-'),47X,23("-")
2//26X, "IN:*, 68X, "IN:"/26X, ' --=",68X, " —--")

275 FORMAT (1X,18X,434,' =',G14.5,39%,4A4,"' =",G14.5})
286 FORMAT (1HO,26X, '"TOTAL IN =',6G14.5,47X, TOTAL IN ="
1,G14.5)

287 FORMAT (1HO,24X,'OUT:',67X, 'OUT: */26X,4("-"), 67X, 4('=-"))
298 FORMAT (1HO, 25X, 'TOTAL OUT =',G14.5,46X, '"TOTAL OUT ="
1,G114.9)
299 FORMAT (1HO,26X, "IN - OUT =',G14.5,47X,'IN - OUT =',G14.5)
300 FORMAT (1HO, 15X, "PERCENT DISCREPANCY =',F20.2
1,30X, '"PERCENT DISCREPANCY =',F20.2,///)

END
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C....Last change: E 20 Feb 99 _12:24 pm

SUBROUTINE BCF1AL(ISUM,LENX, LCSC1, LCHY, LCBOT,
1 LCTOP, LCSC2Z, LCTRPY, IN, IS5, NCOL, NROW, NLAY, TOUT, IBCFCB)

----- VERSION 1542 12MAY1587 BCF1AL
I N T T T T T T

ALLOCATE ARRAY STORAGE FOR BLOCK-CENTERED FLOW PACKAGE

P R R 2 R R AR R R R R R R Ry R

SPECIFICATIONS: ‘

Qoo an

COMMON /FLWCOM/ LAYCON (B0)

aaa

1-——— IDENTIFY PACKAGE
WRITE(IOUT, 1) IN
1 FORMAT (1HO, "BCF1 -- BLOCK-CENTERED FLOW PACKAGE, VERSION.1',
1*, 9/1/87'," INPUT READ FROM UNIT',I3)

C2=====- READ AND PRINT 1S5 (STEADY-STATE FLAG) AND IBCFCB (FLAG FOR
C2m—mmm PRINTING OR UNIT# FOR RECORDING CELL-BY-CILL FLOW TERMS)
READ(IN,2} IS5,IBCFCB
2 FORMAT (2I10)
IF(ISS.EQ.0) WRITE(IOUT,3)
3 FORMAT (1X, "TRANSIENT SIMULATION']
IF(ISS.NE.0) WRITE(IOUT,4)
4 FORMAT (1X, 'STEADY-STATE SIMULATION'}
IF(IBCFCB.GT.0) WRITE(IOUT,%) IBCFCB
9 FORMAT (1X, "CELL-BY-CELL FLOWS WILL BE RECORDED ON UNIT',13)
IF (IBCFCB.LT.0) WRITE(IOQUT,88)
88 FORMAT(1X, 'CONSTANT HEAD CELL-BY-CELL FLOWS WILL BE PRINTED')

Cl—mom—- READ TYFE CODE FOR EACH LAYER AND COUNT TCPS AND BOTTOMS
IF (NLAY.LE.BO) GO TO 50
WRITE (IQOUT,11)
11 FORMAT(1HO, 'YOU HAVE SPECIFIED MORE THAN 80 MODEL LAYERS'/1X,
1 'SPACE IS RESERVED FOR A MAXIMUM OF 80 LAYERS IN ARRAY LAYCON®)
STOP

C
C3A----- READ LAYER TYPE CODES.
50 READ(IN,51) (LAYCON(1),I=1,NLAY)
51 FORMAT(4012)
o BOTTOM IS READ FOR TYPES 1,3 TOP IS READ FOR TYPES 2,3
WRITE (10UT,52)
52 FORMAT(1X,5X, 'LAYER AQUIFER TYPE',/1X,5X,19('-"))

C

C3B~—~—— INITIALIZE TOF AND BOTTOM COUNTERS.
NBOT=0
NTOP=0

C

C3C---——-—- PRINT LAYER TYPE AND COUNT TOPS AND BOTTOMS NEEDED.
DO 100 I=1,NLAY

(o}

C3C1----PRINT LAYER NUMBER AND LAYER TYPE CODE.
L=LAYCON(I)
WRITE(IOUT,7) I,L

7 FORMAT(1X,19,110})
o}

C3C2----ONLY THE TOP LAYER CAN BE UNCONFINED(LAYCON=1),
IF(L.NE.l ,OR, I,EQ.1} GO TO 70
WRITE(IOUT, 8)
8 FORMAT (1KO, 'AQUIFER TYPE 1 IS ONLY ALLOWED IN TOP LAYER')
STOP
c .
C3C3--~-LAYER TYPES 1 AND 3 NEED A BOTTCM. ADD 1 TC KB.
70 IF(L.EQ.1 .OR. L.EQ.3) NBOT=NBOT+l

c
£3C4----LAYER TYPES 2 AND 3 NEED A TOP, ADD 1 TO KT.
IF(L.EQ.2 .OR. L.EQ.3)} NTOP=NTOP+1
1006 CONTINUE

4-———— COMPUTE DIMENSIONS FOR ARRAYS.
NRC=NROW* NCCL
ISIZ=NRC*NLAY

Ch—mm ALLOCATE SPACE FOR ARRAYS. IF RUN IS TRANSIENT(ISS=0)
Chmmm—== THEN SPACE MUST BE ALLCCATED FOR STORAGE.

ISOLD=1SUM

LCSCl=1SUM

IF(ISS.EQ.0) ISUM=ISUM+ISIZ

LCsC2=15UM

IF(155.EQ.0) ISUM=ISUM+NRC*NTOP

LCTRPY=ISUM

TSUM=ISUM+NLAY

LCBOT=ISUM

ISUM=ISUM+NRC*NBOT

LCHY=LSUM

ISUM=ISUM+NRC* NBOT

LCTOP=1SUM

ISUM=LSUM+NRC*NTOP

Com———= PRINT THE AMCUNT OF SPACE USED BY THE BCF PACKAGE.
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ISP=ISUM-I30LD

WRITE(IOUT,101) ISP

FORMAT (1%, I8, ELEMENTS IN X ARRAY ARE USED BY BCF'
ISUMI=I5UM-1

WRITE (IOUT,102) ISUM1,LENX

FORMAT (1X,18,' ELEMENTS OF X ARRAY USED OUT OF',I8)
IF(ISUM1.GT.LENX) WRITE(IOUT, 103}

FORMAT (1%, * s+4Y ARRAY MUST BE DIMENSTONED LAAGER**+')

)

SUBROUTINE BCF1RP{IBOUND, HNEW,SC1,HY,CR,CC,CV,DELR, DELC,
BOT, TOP, 5C2, TRPY, IN, 185, NCOL, NROW, NLAY , NODES, IOUT,
econd, theta,thetas,thetao, expn, ekmob, valance, eqecond,

THK, ecs0il, FY,ALS,BIS)

oo

VERSION 1636 15MAY1987 BCF1RF

P e N R TR R R R R AR SRR R R R R

READ AND INITIALIZE DATA FCOR BLOCK-CENTERED FLOW PACKAGE

P Y e R A NN r e e R A A R R R ]

SPECIFICATIONS:
CHARACTER*4 ANAME
DOUBLE PRECISION HNEW
REAL*4 ekmob,valance,eqcond, ecsoil,AIS, BIS

DIMENSION HNEW(NODES),SC1(NODES),HY (NODES), CR(NODES), CC(NODES) ,
GVANODES ) - ANAME-{ 6,-1.0)-, DELRANCOL}  DELG {HRGWS- ;- BOT-(NGDES } -

TOP-NODES )~ SCZ LNODES}  TREY-(NLAY)-; TBOUND {M BESCV (NODES ) , ANAME (6, 16} , DELR (NGOL) , DELC (NROW) , BOT (NODES) ,

TOP {(NODES) , SC2 (NODES) , TRPY (NLAY) , TROUND (NODES) ,

econd (nodes ), theta(nodes) , thetas (nodes) , thetao(nodes) ,

[ O

expn (nodes) , THK (NODES) , FY (NODES)

1

1

1

1

1

1

1

1

1

1

c v+

COMMON /FLWCOM/ LAYCON (80)

DATA ANAME(1,1),ANAME(2,1),ANAME (3,1),ANAME(4,1),ANAME(5,1),
ANAME (6,1) /" ', "PRIM", *ARY ', 'STOR','AGE ', "COEF"/
DATA ANAME(1,2),ANAME(2,2),ANAME (3,2),ANAME{4,2),ANAME (5,2),
ANAME (6,2) /" ', "TRAN',*SMIS®,'. AL','ONG ', 'ROWS"/
DATA ANAME(1,3),ANAME (Z,3),ANAME (3,3) ,ANAME(4,3),ANAME(S5,3),
ANAME (6,3) /' H','YD. ',°COND','. AL",'ONG ', 'ROWS'/
DATA ANAME(1,4),ANAME(2,4),ANAME(3,4) ,ANAME (4,1),ANAME(S,1),
ANAME (6,4) /'VERT',® HYD'," CON','D /T*, HICK', 'NESS'/
DATA ANAME(1,5),ANAME{Z,5), ANAME(I! 5) ANAME (4,5), ANAME (5,5) ,
ANAME (6,5) /' ' L *,' BO','TTOM'/
DATA ANAME(1,6),ANAME(2,6), ANAME(J GJ,ANAMEM 6) ,ANAME (5, 6),
ANAME (6,6} /' A A ', ' TOR'/
DATA ANAME(1,7), ANAME(z T ANAME(3 7) ANAM:-.(E 7),ANAME(5,7),
ANAME (6,7) /' SE', COND', "ARY ' 'sroa' *AGE ', 'COEF'/
DATA ANAME(I,B),ANAME(Z,B),ANAHE(3,8),ANAME(A,B),ANAME(S,B):
ANAME (6,8) /'COLU’,"MN T',’C RO','W AN','ISCT', 'ROPY'/
DATA ANAME(1,9), ANAME(Z 9), ANAME(3 9) ANAME(A 9) ANAME (5,9),
ANAME (6,9) /' ', , 'DELR'/
DATA ANAME (1,10}, ANAME(Z 10) ANAME(z 10) ANAME(4 10) , ANAME (5,10),
ANAME (6,10) /' ' ', 'DELC*/
added more titles**

v

v 'y r

DATA ANAME(I,M),ANAME(Z,H) ANAME (3,11) , ANAME (4,11) , ANAME(5,11),

1

ANAME(G,II) I ‘cond','. AL',"ONG ', 'ROWS'/

L 13] , ANAME (2, 13),ANAME 3 13), ANAME(4 13}, ANAME (5,13),

1 ANAME(6,13}) /° ‘,'Sat ', "Mois','. AL',"ONG ', 'ROWS' /
DATA ANAME(1,14),ANAME(Z,14),ANAME(3,14),ANAME(4,14),ANAME(5,14),
1. ANAME (6,14) /° ¥ 'Res ', "Mois’,'. AL',TONG ', 'ROWS'/
DATA ANAME (1,19, ANAME (2, 15], ANAME (3, 157, ANAME (4, 15) ,ANAME (5,15) ,
1 ANAME(e,15) /° Y,'Exp ','n ', ', AL','ONG " ROWS'/
DATA ANAME(L,16),ANAME(2,16) ,ANAME(3,16) ANAME(4,16) ,ANAME(5,16),
1 _ANAME (6,16) 7' ", 'F(la','mda)’,'. AL', 'ONG *, 'ROWS'/
O o T T T T T e e m o
[of
Cl---—— CALCULATE NUMBER OF NODES IN A LAYER AND READ TRPY,DELR,DELC
NIJ=NCOL*NROW
[}
CALL U1DREL{TRPY,ANAME(1,8},NLAY,IN, IOUT)
CALL UIDREL(DELR,ANAME (1,9}, NCCL, IN, IQUT)
CALL U1DREL(DELC,ANAME(1,10),NROW, IN, TOUT)
C
¢ ‘**slectrokinetic read information input here**
READ (IN,Z1) ekmob,valance,egcond, ecsoil
21 FORMAT(4f10.0)
READ({IN,22) AlIS, BIS
22 FORMAT{2f10.0)

ance/ABS {valance)

ETERS FOR EACH LAYER

KT=0
KB=0
DO 200 K=1,NLAY
KK=K

FIND ADDRESS OF EACH LAYER IN THREE DIMENSION ARRAYS.
IF (LAYCON(K).EQ.1 .OR. LAYCON({K).EQ.3) KB=KB+1
IF (LAYCON(K).EQ.2 .OR. LAYCON({K).EQ.3) KT=KT+l
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LOC=1+(K-1)*NIJ
LOCB=1+(KB-1)*NIJ
LOCT=1+(KT-1)*NIJ

itglectrokinetic read information input here**
electric conductivity of each cell
CALL UZDREL (econd {LOC) ,ANAME (1,11) ,NROW, NCOL, KK, IN, TOUT)
CALL UZDREL(theta[LOC),ANAME(I,lZ),NROW,NCOL,KK.IN,IOUT}
CALL UZDREL{thetas (LOC),ANAME (1,13),NROW,NCOL, KK, IN, IOUT)
CALL UZDREL(thetao(LOC),ANAME (1,14), NROW, NCOL )

aninin

CALL UZDREL (expn (LOC)  ANAME (1,15)  NROW, NGO N, TOUT)

¢ *t*end of electrokinetic input**

[
C2B-—-—- READ PRIMARY STORAGE COEFFICIENT INTO ARRAY SC1 IF TRANSIENT
IF(ISS.EQ.0)CALL U2DREL(SC1 (LOC),ANAME (1,1) , NROW, NCOL, KK, IN, IOUT
c
£2C-mmmm READ TRANSMISSIVITY INTO ARRAY CC IF LAYER TYPE IS 0 OR 2
TF (LAYCON(K) .EQ.3 .OR. LAYCON(K).EQ.1) GO TO 100
CALL U2DREL {CC(LOC), ANAME (1,2}, NROW, NCOL, KK, IN, TOUT)
GO TO 110
C
(o} Se— READ HYDRAULIC CONDUCTIVITY (HY) AND BOTTOM ELEVATION(BOT)
C20=mmmm IF LAYER TYPE IS 1 OR 3
100 CALL U2DREL(HY(LOCB) ,ANAME (1,32}, NROW, NCOL, KK, IN, TOUT)
CALL U2DREL(BOT (LOCB},ANAME (1,5}, NROW, NCOL, KK, IN, IOUT)
c
[or] Juum— READ VERTICAL HYCOND/THICK INTO ARRAY CV IF NOT BOTTOM LAYER
C2E-——m READ AS HYCOND/THICKNESS -- CONVERTED TO CONDUCTANCE LATER
110 IF(K.EQ.NLAY) GO TO 120
CALL U2DREL{CV(LOC),ANAME(1,4),NROW, NCOL, KK, IN, TOUT)
C
C2F-----READ SECONDARY STORAGE COEFFICIENT INTO ARRAY SC2 IF TRANSIENT

-AND LAYER TYPE IS 2 OR 3
120 IF(LAYCON(K).NE.3 _AND. LAYCON(K).NE.2) GO TC 200
1F(155.EQ.0) CALL U2DREL(SCZ (LOCT), ANAME (1,7}, NROW, NCOL, KK, IN, 1OUT)

C
C2G====m READ TOP ELEVATION(TQOP) IF LAYER TYPE IS 2 OR 3
CALL UZ2DREL(TOP (LOCT) ,ANAME (1,6),NROW,NCOL,KK, IN, ICUT)
200 CONTINUE
[}
C3—rm— PREPARE AND CHECK BCF DATA
CALL SBCF1N(HNEW, IBOUND, 5C1,5C2,CR,CC,CV, HY, TRPY, DELR, DELC, 155,
1 NCOL, NROW, NLAY, IOUT)
c
c
¢
c__**calculate thickness®!
< WRITE(*, *) 'NCOL, NROW, NLAY?® NCOL, NROW, NLAY
, NCOL* NROW! NLAY
THK(I)=CC(I)/ECOND(I}
105 END Do
[«
c
Ch—vmmmnm RETURN
RETURN
END
SUBROUTINE BCF1FEM (HCOF, RHS, HOLD, SC1, HNEW, IBOUND, CR, CC, CV, HY, TRPY,
1 BOT, TOP, 5C2,DELR, DELC,DELT, 1SS, KITER, KSTF, KFER,
NCOL, NROW, NLAY, IQUT)
Cmm—— VERSION 1640 15MAY1987 BCF1FM
g hta*iﬁitiiiiitaii.h*bii’ﬁtitltlb&ibnaiii—ttn»#»-vhﬁii&ti&dli*tii&aai
c ADD LEAKAGE CORRECTION AND STORAGE TO HCOF AND RHS, AND CALCULATE
[» CONDUCTANCE AS REQUIRED
C ti'tl—"ntidt&tiita‘&‘dltl—t—ﬁtbiiﬁﬁlﬁiﬁl—titi}doﬁaha&&toot&iiitﬁi#ioi
s
(o3 SPECTIFICATIONS:
C _________________________________________________________________
DOUBLE PRECISION HNEW
C
DIMENSION HCOF {NCOL,NROW,NLAY) , RHS (NCOL, NROW, NLAY) ,
1 HOLD (NCOL, NROW, NLAY) , 5C1 (NCOL, NROW, NLAY) , HNEW (NCOL, NROW, NLAY)
2 IBOUND (NCOL, NROW, NLAY) , CR (NCOL, NROW, NLAY) ,
3 CC(NCOL,NROW,NLAY),CV(NCOL,NROH,NLAY),HY(NCOL,NROW,NLAY),
] TRPY(NLAY),BOT(NCOL,NROW,NLAY),TOP(NCOL,NROW,NLAY),DELR(NCOL)
5 DELC (NROW) , SC2 (NCOL, NROW, NLAY) , t
C
COMMON /FLWCOM/LAYCON (80)
£ e e e e e e e m e —m
KB=0
KT=0

--FOR EACH LAYER: IF T VARIES CALCULATE KORIZONTAl, CONDUCTANCES
DO 100 K=1,NLAY

KK=K

IF (LAYCON (K) .EQ.3 .OR. LAYCON(K).EQ.2) KT=KT+1

C

ClA-~—=~ IF LAYER TYPE IS NOT 1 OR 3 THEN SKIP THIS LAYER.
IF(LAYCON (K} .NE.3 .AND. LAYCON(K).NE.1) GO TO 100
KB=KB+1

c

ClB==-=--= FOR LAYER TYPES 1 & 3 CALL SBCFH1 TO CALCULATE
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CiBem===- HORIZONTAL CONDUCTANCES.
CALL SBCF1H{HNEW, IBOUND,CR,CC,CV,HY, TRPY, DELR, DELC, BOT, TOP,
1 KK,KB,KT,KITER,KSTP,KPER,NCOL,NROW,NLAY,IDUTAEhK)
100 CONTINUE
C
C2—————- IF THE STMULATION IS TRANSIENT ADD STORAGE TO HCOF AND RHS
IF(ISS.NE.0O) GO TO 201
TLED=1./DELT
KT=0Q
DO 200 K=1,NLAY
C B
C3-—==== SEE IF THIS LAYER IS CONVERTIBLE OR NON-CONVERTIBLE.
IF{LAYCON(K).EQ.3 .OR. LAYCON(X).EQ.2) GO TO 150
[of EEEEEES NON-CONVERTIBLE LAYER, S50 USE PRIMARY STORAGE
DO 140 I=1,NROW
DO 140 J=1,NCOL
IF (IBOUND(J,I,K).LE.0) GO TO 140
RHO=5C1(J,1,K)+TLED
HCOF (7, I,K)=HCOF (J, I,XK) ~RHO
RHS (J, I,K)=RHS (J, I,K} -RHO*HOLD(J, I,K)
140 CONTINUE
GO TO 200
C
CH-————= A CONVERTIBLE LAYER, S0 CHECK OLD AND NEW HEADS TO DETERMIKNE
C5—————- WHEN TO USE PRIMARY AND SECONDARY STORAGE
150 KT=KT+1
DO 180 I=1,NROW
DO 180 J=1,NCCL
o}
CO A ~m—— IF THE CELL IS EXTERNAL THEN SKIF IT.
IF{IBOUND(J,I,K}).LE.O0) GO TO 180
TP=TOP (J, T,KT)
RHO2=5C2 (J,I,KT}¥TLED
RHO1=5C1{J,I,K)*TLED
c
CHB~—=—= FIND STORAGE FACTOR AT START OF TIME STEP.
SOLD=RHOZ
1¥(HOLD(J,1,K).GT.TP) SOLD=RHO1
[o}
C5C-—-—- FIND STORAGE FACTOR AT END OF TIME STEP.
HTMP=HNEW (J,I,K}
SNEW=RHO2
IF ({HTMP.GT.TP)} SNEW=RHO1
o4
ChHD--=—- ADD STORAGE TERMS TO RHS AND HCOF.
HCOF (J, I, K)=HCOF (J, I, K) -SNEW
RHS (J,I,K)=RHS (J,1,K) - SOLD* (HOLD(J,I,K)-TP) — SNEW+TP
c
180 CONTINUE
C
200 CONTINUE
C
Ch—————— FOR EACH LAYER DETERMINE IF CORRECTION TERMS ARE NEEDED FOR
Chr—rm FLOW DOWN INTO PARTIALLY SATURATED LAYERS.
201 KT=0
DO 300 K=1,NLAY
C
Cl-—-———- SEE IF CORRECTION IS NEEDED FOR LEAKAGE FROM ABOVE.
IF(LAYCON({K) .NE.3 .AND. LAYCON(K).KE.2)} GO TO 250
KT=KT+1
IF(K.EQ.1) GO TO 250
[}
CIA————— FOR EACH CELL MAKE THE CORRECTION IF NEEDED.
DO 220 I=1,NROW
DO 220 J=1,NCOL
[
CIB—=--—- IF THE CELL IS EXTERNAL{IBOUND<=Q) THEN SKIP IT.
IF(IBOUND(J,I,K}).LE.O) GO TO 220
HTMP=HHEW(J, I K]
C
CIC———-- IF HEAD IS ABOVE TCP THEN CORRECTION NCT NEEDED
IF(HTMP.GE.TQP(J,I,KT)) GO TO 220
C
C7D=m == WITH HEAD BELOW TOP ADD CORRECTION TERMS TO RHS AND HCOF.

RHS (J, I,K)=RHS (J,1,K) + CV(J,I,K-1)*TOP(J,T,KT)
HCOF (J,1,K)=HCOF (J,1,K) + CV{J,I,K-1)
220 CONTINUE

CB————- SEE IF THIS5 LAYER MAY NEED CORRECTION FOR LEAKAGE TG BELOW.
250 IF(K.EQ.NLAY) GO TO 300
IF(LAYCON(K+1).NE.3 .AND. LAYCON(K+1).NE.2) GO TO 300

KTT=KT+1

c

C8A--—-- FOR EACH CELL MAKE THE CORRECTION IF NEEDED.
DO 2BQ I~1,NROW
DO 280 J=1,NCOL

C

C8B--~-~ IF CELL IS EXTERNAL (IBOUND<=0)} THEN SKIP IT.
IF(IBOUND{(J,I,K).LE.Q) GO TO 280

c

C8C—=——= IF HEAD IN THE LOWER CELL T$ LESS THAN TOP ADD CORRECTION

C8C-~—~~ TERM TC RHS

HTMP=HNEW (J, 1,K+1)
IF (HTMP, LT. TOP (J, I,KTT}) RHS(J,I,K)=RHS(J,1,K)
1 -~ CV(J,I,K)*(TOP(J,I,KTT)-HTMP)
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280 CONTINUE
300 CONTINUE

END
SUBROUTINE BCF1BD (VBNM, VBVL,MSUM, HNEW, IBOUND, HOLD, 5C1, CR, GG, CV,
1 TOF,SC2,DELT,I8S,NCOL, NROW, KLAY,KSTP, KPER, IBCFCB,
2 ICBCFL,BUFF, IOUT)

[ VERSION 1546 12MAY1987 BCF1BD

T L L R e R e R A R R ]
COMPUTE BUDGET FLOW TERMS FOR BCF -- STORAGE, CONSTANT HEAD, AND
FLOW ACROSS CELL WALLS

T NN Y T L R R R e e e e R e R R AR R R R KR R L e

SPECIFICATIONS:

ananaaan

CHARACTER*4 VBNM, TEXT
DOUBLE PRECISION HNEW

DIMENSION HNEW (RCOL,NROW,NLAY), IBOUND(NCOL,NROW, NLAY),
HOLD (NCOL, NROW, NLAY) , SC1 (NCOL, NROW, NLAY)
CR (NCOL, NROW,NLAY) , CC(NCOL, NROW,NLAY),
CV(NCOL, NROW, NLAY), VBNM(4,20), VBVL(4,20)
§C2 (NCOL, NROW, NLAY)
TOF (NCOL, NROW, NLAY) , BUFF {NCOL, NROW, NLAY)

(LR RN

COMMON /FLWCOM/LAYCON (80)
DIMENSION TEXT(4)

DATA TEXT(1),TEXT{(2},TEXT(3),TEXT(4) /' .’ ', STO", "RAGE'/

1o INITIALIZE BUDGET ACCUMULATORS
STOIN=0.
STOUT=0.

CZ--—nm= IF CELL-BY-CELL FLOWS ARE NEEDED THEN SET FLAG IBD.
IBD=0
IF(ICBCFL.NE.0 .AND. IBCFCB.GT.0} IBD=1

C3-——-—- IF STEADY STATE THEN SKIP ALL STORAGE CALCULATIONS
1IF(ISS.NE.0} GO TO 305

Ch——mme IF CELL-BY~CELL FLOWS ARE NEEDED (IBD IS SET) CLEAR BUFFER
IF (IBD.EQ.0) GO TO 220
DO 210 K=1,NLAY
DO 210 I=1,NROW
DO 210 J=1,NCOL
BUFF(J,I.K}=0.
210 CONTINUE

Co-————— RUN THROUGH EVERY CELL IN THE GRID
220 XT=0
DO 300 K=1,NLAY
LC=LAYCON (K}
IF{LC.EQ.3 .OR. LC.EQ.2) KT=KT+l
DO 300 I=1,NROW
DO 300 J=1,NCOL

Co———mn CALCULATE FLOW FROM STORAGE {VARIABLE HEAD CELLS ONLY)
IF (IBOUND(J,I,K).LE.0} GO TO 300
HSING=HNEW (J, I,K)

c

C6A----CHECK LAYER TYPE TC SEE IF ONE STORAGE CAPACITY OR TWO
IF(LC.NE.3 .AND. LC.NE.2) GO TO 285

c

C6B-—-—TWO STORAGE CAPACITIES
TP=TOP (J, I,KT)
SYA=8C2(J,I,KT)
SCFA=5C1{J, 1,K)
SOLD=SYA
IF (HOLD(J,1,K) .GT.TP) SOLD=SCFA
SNEW=SYA
IF (HSING.GT.TP) SNEW=SCFA
STRG=SOLD* (HOLD{J, I,K)-TP) + SNEW*TP - SNEW*HSING
GO TO 288

[o4

C6C-——-ONE STORAGE CAPACITY

285 SC=5C1(J,I,K)

STRG=SC*HOLD(J,I,K) - SC*HSING

Cl=———- STORE CELL-BY-CELL FLOW IN BUFFER AND ADD TO ACCUMULATORS
288 IF{IBD.EQ.1) BUFF(J,I,K)=STRG/DELT
IF{STRG} 292,300,294
292 STOUT=3TOUT-STRG
GO TO 300
294 STOIN=STOIN+STRG
c
300 CONTINUE

C8-———- IF IBD FLAG IS SET RECORD THE CONTENTS OF THE BUFFER
IF(IBD.EQ.1) CALL UBUDSV(KSTP,KPER,TEXT,
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1 1BCECB, BUFF, NCOL, NROW, NLAY, TOUT)

CYmmmmmm ADD TOTAL RATES AND VOLUMES TO VBVL & PUT TITLES IN VBNM
305 VBVL(1,MSUM)=VBVL(1,MSUM) +5TOIN
VBVL (2, MSUM) =VBVL (2, MSUM) +STOUT
VBVL (3, MSUM) =STOIN/DELT
VBVL (4 ,MSUM) =3TOUT/ DELT
VBNM (1, MSUM) =TEXT (1)
VBNM (2, MSUM) =TEXT {2)
VENM (3, MSUM) =TEXT (3}
VBNM (4, MSUM) =TEXT (4}
MSUM=MSUM+1

C10--——— CALCULATE FLOW FROM CONSTANT HEAD NCDES
GALL SBCF1F {VENM, VBVL, MSUM, HNEW, IBOUND, CR, CC, CV, TOP, DELT,
1 NCOI,, NROW, NLAY, KSTP, KPER, 1BD, 18CECB, ICBCFL, BUFF, IOUT}

-CALCULATE AND SAVE FLOW ACROSS CELL BOQUNDARIES IF C-B-C
FLOW TERMS ARE REQUESTED.
IF(IBD.NE.C) CALL SBCF1B(HNEW, IBOUND, CR,CC,CV, TOP, NCOL, NROW, NLAY,

1 KSTP,KPER, IBCFCB, BUFF, IOUT)
c
C12----RETURN

RETURN

END

SUBROUTINE SBCF1C{(CR,CC, TRPY,DELR,DELC, K, NCOL, NROW, NLAY)
c
o
Cmm—= VERSION 1334 22AUG1987 SBCF1C
C Qﬁili{l000.'Oﬁil.Qi}i*ﬁﬁ#iiﬁﬁiitﬁ.iQi‘iiiil&*i.b&i&iih&fitﬁii'tit'
C COMPUTE BRANCH CONDUCTANCE USING HARMONIC MEAN OF BLOCK
c CONDUCTANCES -- BLOCK TRANSMISSIVITY IS IN CC UPON ENTRY
C O}ﬁﬁﬁiﬁiii‘iiiit'iiiiiiiilif‘ii.b‘iliiﬁi.ﬁiiiﬁ‘itiiiii‘ﬁt.dﬁﬁ‘ﬁ{ii
(o
c SPECIFICATIONS:
c J—
c

DIMENSION CR{NCOL,NROW,NLAY), CC{NCOL,NROW,NLAY)

2 , TRPY{(NLAY}, DELR(NCOL), DELC(NRCOW)
c
C o

YX=TRPY (K)*2.

FOR EACH CELL CALCULATE BRANCH CONDUCTANCES FROM THAT CELL
--TG THE ONE ON THE RIGHT AND THE ONE IN FRONT.

DO 40 I=1,HROW

DO 40 J=1,NCOL

T1=¢CC(J,1,K)
¢
[ J— TF T=0 THEN SET CONDUCTANCE EQUAL TO 0. GO ON TO NEXT CELL.
IF(T1.NE.0.) GO TO 10
CR(J,I,K})=0.
Go TO 40
¢
[olc IF THIS IS NOT THE LAST COLUMN(RIGHTMOST) THEN CALCULATE
C3mmmmm BRANCH CONDUCTANCE IN THE ROW DIRECTION (CR) TO THE RIGHT.
10 IF(J.EQ.NCOL) GO TO 30
T2=CC(J+1,1,K)
CR(J,1,K)=2.*T24T1*DELC(I)/ (T1*DELR(J+1) +TZ*DELR(J))
c
[or JRE IF THIS 1S NOT THE LAST ROW({FRONTMOST) THEN CALCULATE
[T PR BRANCH CONDUCTANCE IN THE COLUMN DIRECTION {(CC) TO THE FRONT.
30 IF(I.EQ.NROW) GO TO 40
T2=CC(J,I+1,XK) .
©C(J,1,K)=YX+T2+T1*DELR{J}/ (T1*DELC(I+1)+T2¥DELC(I))
40 CONTINUE
c
CHummmmm RETURN
RETURN
END
SUBROUTINE SBCF1B (HNEW, IBOUND,CR,CC, CV, TOP, NCOL, NROW, NLAY,
1 KSTP,KPER, TBCFCB, BUFF, IOUT)
C
[ VERSION 1548 12MAY1987 SBCF1B
c
C l&‘fhiiiiiﬁi&‘}ii&tiﬁit.llQbi0ii&QbAi0‘&ﬁiihi.lti}h'*.'ﬁtiit"wh'.
c COMPUTE FLOW ACROSS EACH CELL WALL
c ili*i&i*Q*i‘i.ii"‘#ﬁ&iilﬁti“li'tiiil‘tilttt..hiii{&‘*“biiliii**
M
c SPECIFICATIONS:
[of —_
CHARACTER*4 TEXT
DOUBLE PRECISION HNEW,HD
c
DIMENSION HNEW (NCOL,NROW,NLAY), IBOUND(NCOL,NROW,NLAY),
1 CR(NCOL, NROW, NLAY), CC(NCOL, NROW, NLAY) ,
2 CV(NCOL, NROW, NLAY), TOP (NCOL, NROW, NLAY} ,
3 BUFF (NCOL, NROW, NLAY)
c
COMMON /FLWCOM/ LAYCON (80)
4
DIMENSION TEXT(12)
c

DATA TEXT(1),TEXT(2),TEXT(3),TEXT(4),TEXT(5), TEXT(6), TEXT(7),
1 TEXT(8) , TEXT(9), TEXT(10) , TEXT (11}, TEXT(12)
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2 /*FLOW',' RIG','HT F', ‘ACE °,
2 *FLOW',® FRO','NT F','ACE ', "FLOW',' LOW','ER F',"ACE */

C
o}
NCM1=NCOL-1
IF(NCM1.LT.1) GO TO 405
C
Cl-———- CLEAR THE BUFFER

DO 310 K=1,NLAY

DO 310 I=1,NROW

DO 310 J=1,NCOL

BUFF (J,I,K)=0.
310 CONTINUE

o J— FOR EACH CELL CALCULATE FLOW THRU RIGHT FACE & STORE IN BUFFER
DO 400 K=1,NLAY
DO 400 I=1,NROW
DO 400 J=1,NCM1
LF ((1BOUND{J,I,K).LE.0) .AND. (IBOUND(J+1,1,K).LE.0}) GO TO 400
HDIFE=HNEW (J, I, K) -HNEW (J+1,T,X)
BUFF (J, T,K}=HDIFF*CR(J, I,K)

400 CONTINUE

c
Cl-——— RECORD CONTENTS OF BUFFER
CALL UBUDSV(KSTP,KPER, TEXT{1),IBCFCB,BUFF, NCOL, NROW, NLAY, TOUT)
C
Cl~ e CLEAR THE BUFFER

405 NRMI=NROW-1
IF(NRM1.LT.1) GO TO 505
DO 410 K=1,NLAY
DO 410 I=1,NROW
DO 410 J=1,NCOL
BUFF (J,I,K)=0.

110 CONTINUE

CH—mmmm FOR EACH CELL CALCULATE FLOW THRU FRONT FACE & STORE IN BUFFER
DO 500 K=1,NLAY
DO 500 I=1,NRM1
DO 500 J=1,NCOL
IF({{IBOUND(J,I,K).LE.O} .AND. (IBOUND(J,I+1,K).LE.0)) GO TO 500
HDIFF=HNEW(J,I,K)-HNEW(J, I+1,K}
BUFF (J, I,K)=HDIFF*CC(J,1,K)

500 CONTINUE

CEmmmm RECORD CONTENTS OF BUFFER.
CALL UBUDSV (KSTP,KPER, TEXT{(5), IBCFCB, BUFF, NCOL, NROW, NLAY, TOUT)
505 NIM1=NLAY-1
IF(NIML.LT.1) GO TC 1000

[y CLEAR THE BUFFER
DO 510 K=I1,NLAY
DO 510 I=1,NROW
DO 510 J=1,NCOL
BUFF (J,I,K)=0.
510 CONTINUE

[T om— FOR EACH CELL CALCULATE FLOW THRU LOWER FACE & STORE IN BUFFER
KT=0
DO 600 K=1,NLM1
1F (LAYCON (K) .EQ.3 .OR. LAYCON(K).EQ.2) KT=KT+1
- DO 600 I=1,NROW
DO 600 J=1,NCOL
IF((IBOUND(J,I,K).LE.0) .AND. (IBOUND(J,TI,K+1).LE.0)} GO TC 600
HD=HNEW (J, I,K+1) .
IF(LAYCON (K+1) .NE.3 .AND. LAYCON(K+1).NE.2) GO TO 580
TMP=HD
IF (TMP.LT.TOP (J,1,KT+1}) HD=TOP(J,I,KT+1}
580 HDIFF=HNEW(J,1,K)-HD _
BUFF (J, I,K)=HDIFF*CV(J, 1K)
600 CONTINUE

o
C9-———- RECORD CONTENTS OF BUFFER.
CALL UBUDSV(KSTP,KPER, TEXT(9), IBCFCB, BUFF, NCOL, NROW, NLAY, TOUT)
c
€10----RETURN
1000 RETURN
END
SUBROUTINE SBCFLF [VBNM, VBVL,MSUM, HNEW, IBOUND, CR,CC,CV,
1 TOP,DELT,NCOL, NROW,NLAY,XSTP,KPER, IBD, IBCFCB, ICBCFL,
2 BUFF, IOUT)
Commm- VERSION 1549 12MAY1987 SBCFIF
c
o} Ty R R R R R s R R R R R AR R R R RS
c COMPUTE FLOW FROM CONSTANT HEAD NODES
[o} IR R R R s s s R R R R R R R R R R R R R R R A A R A A AR A LS
c
c SPECIFICATIONS:
. -
CHARACTER*4 VBNM, TEXT
DOUBLE PRECISION HNEW,HD
c
DIMENSION HNEW (NCOL,NROW,NLAY), IBOUND(NCOL,NROW,NLAY),
1 CR{NCOL,NROW,NLAY), CC(NCOL,NROW,6NLAY),
2 CV(NCOL,NROW,NLAY), VBNM(4,20), VBVL({4,20),

3 TOP (NCOL, NROW, NLAY) , BUFF (NCOL, NROW, NLAY)
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COMMON /FLWCOM/ LAYCON (80)
DIMENSION TEXT(4}

DATA TEXT(1),TEXT(2),TEXT(3),TEXT(4) /' C*, "ONST", "ANT ', "HEAD'/

QOa

]-————- CLEAR BUDGET ACCUMULATORS
CHIN=0.
CHOUT=0.

C2-—--—- CLEAR BUFFER IF CELL-BY-CELL FLOW TERM FLAG(IBD) IS SET
IF(IBD.EQ.0) GO TO 8
DO 5 K=1,NLAY
DO & I=1,NROW
DO 5 J=1,NCOL
BUFF(J,I,K)=C.
5 CONTINUE

DO 200 K=1,NLAY

LC=LAYCON (K)

IF(LC.EQ.3 ,OR, LC.EQ.2) KT=KT+l
DO 200 I=1,NROW

DO 200 J=1,NCCL

C4-—-—-— IF CELL IS NOT CONSTANT HEAD SKIP IT & GO ON TO NEXT CELL.
IF (IBOUND(J,I,K).GE.0)GO TO 200

Ch=——m—= CLEAR FIELDS FOR SIX FLOW RATES.
X1=0.
X2=0.
X3=0.
X4=0.
X5=0,
X6=0.

c
CTmm-== IF THERE IS NOT A VARIABLE HEAD CELL ON THE OTHER SIDE OF THIS
C7----- FACE THEN GO ON TO THE NEXT FACE.
IF(J.EQ.1) GO TO 30
IF (IBOUND(J~1,I,K).LE.0JGO TO 30
HDIFF=HNEW(J, I,K)-HNEW(J-1,1,K)
C
(o CALCULATE FLOW THROUGH THIS FACE INTO THE ADJACENT CELL.
X1=HDIFF*CR(J-1,I,K}
o}
C9————- TEST TO SEE IF FIOW IS POSITIVE OR NEGATIVE
IF (X1) 10,30,20
o

C10--~~IF NEGATIVE ADD TO CHOUT (FLOW CUT OF DOMAIN TO CONSTANT HEAD).
10 CHOUT=CHOUT-X1
GO TO 30
c
C11----IF POSITIVE ADD TO CHIN(FLOW INTO DOMAIN FROM CONSTANT HEAD).
20 CHIN=CHIN+X1
c
C6B----CALCULATE FLOW THROUGH THE RIGHT FACE
30 IF(J.EQ.NCOL) GO TO 60
IF(IBOUND(J+1,I,K) .LE.O) GO TO €0
HDIFF=HNEW (J,I,K) -HNEW (J+1,1,K)
X2=HDIEFF*CR(J, 1,K)
IF (X2)40, 60,50
40 CHOUT=CHOUT-X2
GO TO 60
50 CHIN=CHIN+X2
c
C6C----CALCULATE FLOW THROUGH THE BACK FACE.
60 IF(1.EQ.1) GO TO 90
IF (IBOUND(J,I-1,K).LE.0) GO TO 90
HDIFF=HNEW (J, 1,K)-HNEW (J,1-1,K)
X3=HDIFF*CC{J,I-1,K)
IF (X3) 70,90,80
70 CHOUT=CHOUT-X3
GO TO 90
80 CHIN=CHIN+X3
C
C6D----CALCULATE FLOW THROUGH THE FRONT FACE.
90 IF(I.EQ.NROW) GO TO 120
IF (1BOUND(J,I+1,K).LE.0) GO TO 120
HDIFF=HNEW (J, T,K) ~HNEW (J, T+1,K}
XA=HDIFF*CC(J, I,K)
IF (X4) 100,120,110
100 CHOUT=CHOUT-X4
GO TO 120
110 CHIN=CHIN+X4
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c
C&E-~~-CALCULATE FLOW THROUGH THE UPPER FACE
120 TF(K.EQ.1) GO TO 150
IF (IBOUND(J,I,K-1).LE.0) GO TO 150
HD=HNEW{J, ,X)
IF(LC.NE.3 .AND. LC.NE.2) GO TO 122
TMP=HD .
IF{TMP.LT.TOP(J,I,KT}) HD=TOP(J,I,KT)
122 HDIFF=HD-HNEW{J,I,K-1)
X5=HDIFF*CV (J,I,K-1)
IF(X5) 130,150,140
130 CHOUT=CHOUT-X5
Go TO 150
180 CHIN=CHIN+XS
c
C6F---~CALCULATE FLOW THROUGH THE LOWER FACE.
150 IF(K.EQ.NLAY) GO TO 180
IF (IBOUND(J,I,K+1) .LE.0) GO TO 180
HD=HNEW (J, T, K+1)
IF (LAYCON (K+1) .NE.3 .AND. LAYCON{K+1).NE.2) GO TO 152
TMP=HD
IF (TMP.LT.TOP {J,T,KT+1)) HD=TOP(J,I,KT+1)
152 HDIFF=HKEW (J,1,K)-HD
X6=HDIFF*CV(J,I,K)
IF (X6) 160,180,179
160 CHOUT=CHOUT-X6
GO TO 180
170 CHIN=CHIN+X6

c
Cl2—--—- SUM UP FLOWS THROUGH SIX SIDES OF CONSTANT HEAD CELL.
180 RATE=K1+X2+X3+X4+X5+X6
¢
[ pa— PRINT THE INDIVIDUAL RATES IF REQUESTED(IBCFCB<0).
IF (IBCFCB.LT.0.AND. ICBCFL.NE.0) WRITE(IOUT,900) (TEXT(N),N=1,4),
1 KPER,KSTP,K, T,J, RATE
900 FORMAT(1HO,4Ad,’  PERIOD',I3,' STEE’,I3,' LAYER',I3,
*  ROW',I4,' COL',I4,' RATE ',G15.7}
c
Cl4—-—~IF CELL-BY-CELL FLAG SET STORE SUM OF FLOWS FOR CELL IN BUFFER
IF(IBD.EQ.1) BUFF(J,T,K)=RATE
c
200 CONTINUE
c

C15-—--TF CELL-BY-CELL FLAG SET THEN RECORD CONTENTS OF BUFFER
IF(IBD.EQ.1) CALL UBUDSV(KSTP, KPER, TEXT(1),
1 IBCFCB, BUFF, NCOL, NROW, NLAY, IQUT)
c
c
C16-—--SAVE TOTAL CONSTANT HEAD FLOWS AND VOLUMES IN VBVL TABLE
C16---—FOR INCLUSION IN BUDGET. PUT LABELS IN VBNM TABLE.
VBVL (1, MSUM) =VBVL (1, MSUM) +CHIN*DELT
VBVL {2, MSUM) =VBVL (2, MSUM) +CHCUT*DELT
VBVL (3, MSUM) =CHIN
VBVL (4 , MSUM) =CHOUT

[¢]
c ---SETUP VOLUMETRIC BUDGET NAMES
VBNM(1,MSUM) =TEXT (1)
VBNM (2, MSUM) =TEXT (2)
VBNM (3, MSUM) =TEXT (3)
VBNM (4, MSUM) =TEXT {4)
c
MSUM=MSUM+1
o]
c
C17----RETURN
RETURN
END .
SUBROUTINE SBCF1H{HNEW, IBOUND,CR,CC,CV,HY, TRPY, DELR, DELC
1,BOT, TOP,K,KB,KT,KITER,KSTP, KPER, NCOL, NROW, NLAY, IOUT, thk)
c
Cammmn VERSION 1442 31DEC1986 SBCF1H
[o
C ﬁaah&i&ittiiﬁiﬁﬁiiQi&AiAiQﬁiﬁ050&iiid&aiai&iltiiﬁhiiitiﬁi&ilitiiii—
c COMPUTE CONDUCTANCE FROM SATURATED THICKNESS AND HYDRAULIC
o] CONDUCTIVITY
C P R R T R S A 2 R R R RS R R R R R R AR R A SR )
c
c SPECIFICATIONS:
c e e e
DOUBLE PRECISION HNEW
[
DIMENSION HNEW (NCOL, NROW, NLAY) , IBOUND (NCOL, NROW, NLAY)
1, CR(NCOL,NROW,NLAY), CC{NCOL,NROW,6NLAY), CV(NCOL,NROW,NLAY)
2, KY (NCOL,, NROW, NLAY) , TRPY (NLAY), DELR(NCOL), DELC(NROW)
3, BOT(NCOL, NROW, NLAY) , TOP (NCOL, NROW, NLAY) ,
4 thk(NCOL,NROW, NLAY)
[9
COMMON /FLWCOM/LAYCON (80)
C - - - o e e
¢
C1-~-—-~CALCULATE TRANSMISSIVITY AT EACH ACTIVE CELL. TRANSMISSIVITY

Cl-==—=- WILL BE STORED TEMPORARILY IN THE CC ARRAY.
DC 200 I=1,NROW
DO 200 J=1,NCOL
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[or IF CELL IS INACTIVE THEN SET T=0 & MOVE ON TO NEXT CELL.
IF (IBOUND(J,1,K).NE.0) GO TO 10
cC{J,1,K)=0.

GO TO 200
c
[C TR CALCULATE SATURATED THICKNESS.
10 HD=HNEW(J,I,K)
IF (LAYCON () .EQ.1) GO TO 50
IF (HD.GT.TOP {J, 1,KT)) HD=TOP(J, I,KT)
50 THCK=HD-BOT(J,I,KB)
(o} .
o7 [— CHECK TO SEE IF SATURATED THICKNESS IS GREATER THAN ZERO.

IF(THCK.LE.C.) GO TO 100

c
c_*isave thickness in array thk

Thi (3,1, k) =thck
C
Ch---——- IF SATURATED THICKNESS>0 THEN T=K*THICKNESS.
€C(J,T,K) =THCK*HY (J, I,KB)
GO TO 200

_WHEN SATURATED THICKNESS < 0, PRINT A MESSAGE AND SET
—————— TRANSMISSIVITY, IBOUND, AND VERTICAL CONDUCTANCE =0
100 WRITE(IOUT,1580) X,I,J,KITER,KSTF,KPER
150 FORMAT (1K0,10('+'), "NODE',314,"' (LAYER,ROW,COL) WENT DRY'
1 ,* AT ITERATION =',I3,' TIME STEP =',TI3
2 ,' STRESS PERIOD =',13)
HNEW(J, I,K)=1.E30
CC(J,I,K)=0,
IBOUND(J, I,K)=0
IF (K.LT.NLAY) CV(J,I,K)=0.
IF (K.GT.1) CV(J,I,K-1)=0.
GO TO 200
200 CONTINUE

Clmemmm—m COMPUTE HORTZONTAL BRANCH CONDUCTANCES FROM TRANSMISSIVITY
CALL SBCF1C(CR, CC, TRPY, DELR, DELC, K, NCOL, NROW, NLAY)

END
SUBROUTINE SBCF1N (HNEW, IBOUND,SC1,5C2,CR,CC,CV, HY, TRPY,DELR, DELC,
1 155, NCOL, NROW, NLAY, ICUT)

----- VERSION 1642 15MAY1987 SBCFIN

S T R A RN L T R R N R e R R e e

INITIALIZE AND CHECK BCF DATA

R T R L AR R AR AR R AR r e e A R R R AR R Rl

SPECIFICATIONS:

aaaaanoaaqan

DOUBLE PRECISION HNEW,HCKWV

Q

DIMENSION HNEW (NCOL,NROW,NLAY) , IBOUND {(NCOL, NROW, NLAY)
1 ,5C1 (NCOL, NROW, NLAY) , CR {NCOL, NROW, NLAY)

2 ,CC (NCOL, NROW, NLAY) , CV (NCOL, NROW , NLAY)

3 HY (NCOL, NROW, NLAY} , TREY (NLAY) , DELR (NCOL) , DELC (NROW)
s ,5C2 (NCOL, NROW, NLAY)

COMMON /FLWCOM/LAYCON (8C)

aaon

[ E—— 1F IBQUND=0, SET CV=0., CC=0., AND HY=0.
KB=0
DO 30 K=1,NLAY
IF (LAYCON (K) .EQ.3 .OR. LAYCON(K}.EQ.1) KB=KB+1
DO 30 I=1,NROW
DO 30 J=1,NCOL
IF (1BOUND{J,I,K).NE.O) GO TO 30
IF(K,NE.NLAY) CV(J,T,K)=0.
IF(K.NE.1) CV(J,I,K-1)=0,
cc{J,1,K)=0.
IF (LAYCOMN {K) .EQ.3 .OR. LAYCOM(K).EQ.1) HY{J,I,KB}=0.
30 CONTINUE

oy S— INSURE THAT EACH ACTIVE CELL HAS AT LEAST ONE NON-ZERO
[ JEmE— TRANSMISSIVE PARAMETER. IF NOT, CONVERT CELL TO NOFLOW,
HCNV=688 .88
KB=0
DO 60 K=1,NLAY
IF (LAYCON (K) .EQ.1 .OR. LAYCOW(K).EQ.3) GO TC 55
[o.7 N— WHEN LAYER TYPE 0 OR 2, TRANSMISSIVITY OR CV MUST BE NONZERO
DO 54 I=1,NROW
DO 54 J=1,NCOL
IF (IBOUND(J,I,K).EQ.0) GO TO 54
IF(CC(J,1,K).NE.0.) GO TO 54
IF (K.EQ.NLAY) GO TO 51
IF(CV(J,I,K).NE.0.) GO TO 54
51 IF(K.EQ.1) GO TO 53
IF(CV(J,1,K-1).NE.0.) GO TO 54
53 1BOUND(J,I,K)=0
HNEW (I, 1,K) =HCNV
WRITE (IOUT,S2) K,I,J



52

54

56

57
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FORMAT (1X, 'NODE (LAYER,ROW,COL) ', 314,

* ELIMINATED BECAUSE ALL CONDUCTANCES TQ NODE RRE ¢°)
CONTINUE
GO TO 60

—-WHEN LAYER TYPE IS 1 OR 3, HY OR CV MUST BE NONZERO
KB=KB+1

DO 59 I=1,NROW

DO 59 J=1,NCOL

IF (IBOUND(J,I,K).EQ.0) GO TO 59
IF(HY(J,I,KB).NE.0.) GO TO 59
IF{K.EQ.NLAY) GO 10 56
IF(CV(J,I,K).NE.O.} GO TO 59
IF(K.EQ.1) GO TO 57
IF(CV(J,1,K-1}.NE.0.} GO TO 59
IBOUND(J, I,K)=0

HNEW (J, T, K) =HCNV

e, 1,K)=0.

WRITE (IOUT,52) K,1,J

CONTINUE

CONTINUE

--CALCULATE HOR. CONDUCTANCE(CR AND CC) FOR CONSTANT T LAYERS
DO 65 K=1,NLAY

KK=K

IF (LAYCON(K) .EQ.3 .OR. LAYCON(K).EQ.1) GO TO 65

CALL SBCF1C(CR,CC,TRPY,DELR,DELC, KK, NCOL, NROW, NLAY)

CONTINUE

—-MULTIPLY VERTICAL LEAKANCE BY AREA TO MAKE CONDUCTANCE
IF(NLAY.EQ.1) GO TO 69

K1=NLAY-1

DO 68 K=1,K1

DO &8 I=1,NROW

DO €8 J=1,NCOL

Cv{J, I,K)=Cv(J,I,K)*DELR(J}*DELC(I)

CONTINUE

-~IF TRANSIENT MULTIPLY PRIMARY STORAGE COEFFICIENT BY DELR &
--DELC TO GET PRIMARY STORAGE CAPACITY(5C1).

IF(IS5.NE.0) GO TO 100

KT=0

DO 80 K=1,NLAY

DO 70 I=1,NROW

Do 70 J=1,NCOL

sC1(J,T,K)=5C1(J,I,K)*DELR{J)*DELC(I)

CONTINUE

~-IF LAYER IS CONF/UNCONF MULTIPLY SECONDARY STORAGE COEFFICIENT
--BY DELR AND DELC TO GET SECONDARY STORAGE CAPACITY(SCZ).

IF (LAYCON {K} .NE.3 .AND. LAYCON(K}.KE.2) GO TO B0

KT=KT+1

DO 7% I=1,NROW

DO 7% J=1,NCOL

8C2(J,1,KT)=58C2(J,1,KT)*DELR(J) *DELC(I)

CONTINUE

CONTINUE
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c. Last _change: E 18 Mar 99 8:50 pm
o]
SUBROUTINE BASI1MT (HNEW, IBOUND,
¢ NCOL,NROW,NLAY,KSTP,KPER, BUFF, IOUT)
C iiiiit'bi*.l—iiii‘biti’titi0!!t"ii't.iﬂ‘Qiﬁﬁi'iﬁiiitiiii*ti&iﬁiﬁ
C SAVE HEADS FOR USE IN MT3D.
¢ KEADS IN INACTIVE CELLS (IBOUND=0) ARE IDENTIFIED WITH 1.E30.
C &irl-iﬁit*“&t'.i..i't't#ti&‘.iliittIi’&iléltitiiﬁtl‘.la&tt'ﬁi&ﬁi
C Modified from McDonald & Harbaugh, 1988
C last modified: 10-Aug-1%90
c
CHARACTER*16 TEXT
DOUBLE PRECISION HNEW
DIMENSION HNEW (NCOL,NROW,NLAY), IBOUND(NCOL,NROW,NLAY),
1 BUFF (NCOL, NROW, NLAY)
TEXT="HEADR"
C
Chmeem——— STCRE HOLD OR HNEW IN BUFFER
DO 210 K=1,NLAY
DO 210 I=1,NROW
DO 210 J=1,NCOL
BUFF (J,I,K})=HNEW(J,I,K)
210 CONTINUE
c
C-------ENSURE HEADS IN INACTIVE CELLS ARE 1.E30
DO 300 K=1,NLAY
DO 300 I=1,NROW
DO 300 J=1,NCOL
]
IF (IBOUND(J,I,K}.NE.Q) GO TO 300
IF(BUFF(J,I,K).NE.1.E30) BUFF(J,I,K)=1.E30
C
300 CONTINUE
c
CBwm—- SAVE THE CONTENTS OF THE BUFFER
WRITE (IOUT) KPER,KSTE,NCOL,NROW, NLAY, TEXT
WRITE(IQUT) BUFF
o
C12--~~RETURN
RETURN
END
c
c
SUBROUTINE BCF1MT (HNEW, IBOUND, CR, CC,CV,
&  TOR, NCOL,MROW,NLAY, KSTE,KPER, BUFE,TOUT}TOP, NCOL NROW, NLAY, KSTP KPER, BUFE, I0UT,
2 econd,theta,thetas, thetao, expn,ekmob, valance, eqcond,
3 delr,delc,thk,ecsoil, FY,AIS,BIS)
C P R R N 22 2 2 R R R AR R A R R R R S R R R R A R R R R RS RS AR Bl
C SAVE FLOW ACRCSS THREE CELL INTERFACES (QXX, QYY, AND Q2Z)
C AND LOCATIONS AND FLOW RATES OF THE CONSTANT-HEAD CELLS
C FOR USE IN MT3D. NOTE THAT FLOW BETWEEN TWO NEIGHBORING CELLS
C 1S CALCULATED AND SAVED.
C iiiittiiit.tt{t".#tii—ib‘&ﬂittliiii&h&iiihﬁiiﬁ})ll&h*iii*iii‘ii
C Mcdified from McDonald & Harbaugh, 1588
C last modified: 15-Fab-1991
c
CHARACTER*16 TEXT
DOUBLE PRECISION HNEW
REAL*4 factor,ceq,A,B,XIS, SQIS, AlS, BIS,AC, TEMP
DIMENSION HNEW (NCOL, NROW,KLAY), IBOUND (NCOL,NROW,NLAY),
2 CR(NCOL, NROW, NLAY) , CC(NCOL, NROW, NLAY),
3 CV(NCOL,NROW,NLAY),
5 TOP {NCOL, NROW, NLAY) , BUFF {NCOL, NROW, NLAY) ,
€ econd {NCOL, NROW, NLAY} , theta (NCOL, NROW, NLAY) ,
7 "Yhetas (NEOL, NROW, NLAY)  thetac (NCOL, NROW, NLAY) ,
8 expn (NCOL, NROW, NLAY)  ecwater (NCOL, NROW, NLAY)
9 cmob (NCOL, NROW, NLAY) , DELR(NCOL), DELC(NROW),
1 thi (NCOL, NROW, NLAY) , FY (NCOL, NROW, NLAY)
c
COMMON / FLWCOM/ LAYCON (80)
c
c
¢ _**added electrokinetic terms cales.**
< calculate constants for electic mobility adjustment
G for concentation effects
A=(60.2* (ABS(valance))*+2)/(2+96500)
B=0.229* (ABS (valange))**3
C TONIC STRENGHT FROM ELECTRICAL COND CALCS. PARAMETERS
C NOW BEING READ FROM INPUT FILE
c
& ol

[~

< WRITE(*,*) 'A,B,ECOND(1,1,1),THETA(1,1,1) THETAS(1,1,1)"
¢ WRITE(*,*) A,B,ECOND(1,1,1), THETA{1,1,1) THETAS(1,1,1)
Cc

<

WRITE(*,*) *THETAO(1,1,1) EXPN(1, 1,1}’

WRITE (¥, *}
WRITE(*,*) EXMOB,VALANCE, EQCOND

c calc electrical conductivity of the water for each cell
c from electrical conductivity of the scil by Mualem and
c Friedman (1991) equation 27 (see pg 83 edm)

DO 309 K=1,NLAY
DO 309 T=1,NROW




A-27
LEKMT.FOR Modifications

DO 309 J=1,NCOL
[ This calcs the geometric factor My equation 26.....

factor:(theta(J,I,K)—thetao(J,I,K))"(expn(J,I,K)+2)
factor=factor/ (thetas(J,I,K)-thetao(J, I,K))
factor=factor*FY(J,1,K)
c Water conductivity is calc here to ger ionic strength
c effects in method 2....-

ecwater (J,1,Ki={econd(J,I K)~ecsoil}/ {factor})

[ N 22 12 2 22 A2 22 LA A R A R R R A A AR A R A

aio!
o}
s}
Z
a
Il
=z
=
=
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]
]
o
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o
&
it
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=
3
<

++METHOD 1 Calculate the new ionic mobility wvia **
the Debye-Huckel-Onsagar Equation (See EDM pg83)

-

nininia

+v+dacided to remove this method and only activity coef.
method to adjust for ionic strength*i**

cale squilvent concentration in the cell (see pg 86 edm)
ceq=1000/eqcond*ecwater(J, I1,K1/100

alo|Qioiciaio

calc new ion mobility adjusted for concentatio

ek=2RS (ekmob) *10000
cmob (J, I,K)=(ek-((A+B*ek)*ceq**0,5)) /10000

Qinio

<
C +*METHOD 2 Calc the new ionic mobility via

[ the Debye-Huckel activity coefficient method using

c ionic strenght (see EDM pg 56) "
c
<
c

first calc lonic strenght (mol/1l) from electrical
conductivity (5/m} as per Griffin and Jurinak 1873...

XIS=AIS*ecwater (J,I K)}-BIS
cmob (7, I,K)= ABS (ekmob)
IF(XIS.LT.

c DAVIES EQUATION TO GET ACTIVITY COEFFICILENT (AC)

c sets temp as_activity coefficient adjusted mobility
TEMP=AC* ABS (EKMOB)

IF(l.eq.1 .and. J.eq.l .and. K.eq.l)THEN
WRITE(*,*) "factor factor
WRITE(*,*) “ecwater =", ecwater(j,i, k)
WRITE(*,*) “"ionic strength=", xis
WRITE(*,*) “activity coef =", ac

............... END IF
c
o COMPARE THE TWQ METHODS AND CHOOSE THE GREATER
c MOBILITY TERM ...no longers compares mobility...
c IF (cmob(J,I,K).LT.TEMP) THEH
cmob (J,1,K)=TEMP
c ENDIF i
[ END CONCENTATION EFFECTS
C T T I s 2 R S R R A R A A 8 B d
c
Chktdbb b bbb bbb bbidbdsd

adjustment of emob for verification purposes with rekka's model)

cmob{j,1i,k)=ekmob*factor
dhdd bk h bbb bk kb a

IeRTs RisNle]

a

mult ionmob by theta/tau**2 (ie. factor)and set correct sign

308 cmob(J,I,K)=cmob{J,I,K)‘factor’valance/ABS(valance)

c adjust cmob by effective area to be used in MT3D
cmob (J,1,K)=cmob (J,I,K)*theta(d,I1,K)}/
> . (theta(J, I, K)-thetao(J,I,K))
_..309 CONTINUE
¢
<
Cll--——- CALCULATE AND SAVE FLOW ACROSS RIGHT FACE
NCM1=NCOL-1
IF(NCM1.LT.1) GO TO 405
TEXT="0XX"
c
Cl-=--- CLEAR THE BUFFER
DO 310 K=1,NLAY
DO 310 I=1,NROW
DO 310 J=1,NCOL
BUFF(J,I,K)=0.
c set thicknes to eqcond input .
[ must have thickness of all the layers the same

310 CONTINUE

WRITE(*,*) 'delr(l)',delr(l)
WRITE(*,*) 'delc(1)',delc(l)
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WRITE(*, *+) 'thk(1,1,1)',thk(1,1,1)
[ WRITE(*,*} 'thk(l,l,?)',thk(Z,l,U
C2————~ FOR EACH CELL

DO 400 K=1,NLAY

DO 400 I=1,NROW

DO 400 J=1,NCM1

IF ( {(IBOUND(J, I,K).EQ.0).AND. {IBOUND(J+1,1,K).EQ.0)) GO TO 400
HDIFE=HNEW (J, I,K) -HNEW (J+1,1,K)

c BUFF {J, T,K)=HDIFF*CR(J, I,K)

c **calculated new Q by EK**

[ first set buff to the harmonic mean of cmob
BUFF (J,1,K)=(DELR(J) +DELR(J+1) )/ (DELR(J) /CMOB (J, I K] +
& DELR(J+1) /CMOB (J+1,1,X))

o} now mult by voltage gradient

BUFF (J,1,K) =BUFF (J,1,K) *HDIFF/ ( (delr (J)+delr(J+1})/2)

] mult buff by area to get equilivent to volumetric discharge
BUFF (J,I,K)=BUFF(J,1,K}*delc{T)*thk(J I X}
£ “*éend buff calcs**
400 CONTINUE

WRITE (JOUT} KPER,KSTP,NCOL, NROW,NLAY, TEXT
WRITE(IOUT) BUFF

c
405 CONTINUE

c

Cll-———- CALCULATE AND SAVE FLOW ACROSS FRONT FACE
NRM1=NROW-1
TF (NRM1.LT.1) GO TO 50%
TEXT="QYY" .

C

Ch————- CLEAR THE BUFFER

DO 810 K=1,NLAY
DO 410 I=1,NROW
DO 410 J=1,NCOL
BUFF (J,1,K)=0.
410 CONTINUE

CoH—mm— FOR EACH CELL
DO 500 K=1,NLAY
DO 500 I=1,NRM1
DO 500 J=1,NCOL
IF ( (IBOUND{J,T,K).EQ.0) .AND. [IBOUND(J,I41,K) .EQ.0}) GO TO 500
HDIFF=HNEW({J,I,K} ~-HNEW(J, I1+1,K)
__BUFF (J, I,K)=HDIFF*CC(J,1,K)
calculated new Q by EK**
“first set buff to the harmonic mean of cmob
BUFF (J,T,K)=(DELC (I)+DELC(I+1))/(DELC(I1}/CMOB(J, I, K)+
& DELC(I+1)/CMOB(J,I+1,K})

C now mult by voltage gradient
BUFF(J,I,K)=BUEF(J,I,K)‘HDIFF/((delc(I)*delC(I+1))YZ)

c MULT BY AREA
BUFF (J,1,K)=BUFF(J,I,K)*delR{(J)*thk(J, I,K)
500 CONTINUE

Co————— RECORD CONTENTS OF BUFFER.
WRITE (IOUT) KPER,KSTP,NCOL, NRCW,NLAY, TEXT
WRITE (IOUT} BUFF :

505 CONTINKUE

c

cll----- CALCULATE AND SAVE FLOW ACROSS FRONT FACE
NLMI=NLAY-1
IF(NLM1.LT.1) GO TO 700
TEXT="QZ2"

[}

Cl=—==- CLEAR THE BUFFER

DO 510 K=1,NLAY

DO 510 1=1,NROW

DO 510 J=1,NCOL

BUFF (J,I,K)=0.
510 CONTINUE

- FOR EACH CELL CALCULATE FLOW THRU LOWER FACE & STORE IN BUFFER
KT=0
DO 600 K=1,NLML
IF (LAYCON(K) .EQ.3 .OR. LAYCON{(K).EQ.2) KT=KT+1
DO 600 I=1,NROW
DO 600 J=1,NCOL
IF( (1BOUND(J, I,K)}.EQ.D) .AND. (IBOUND(J,I,K+1}.EQ.0)) GO TO 600
HD=HNEW (J, I,K+1)
IF (LAYCON (K+1) .NE.3 .AND. LAYCON(K+1).NE.2) GO TO 580
TMP=HD
IF(TMP.LT.TOP(J,1,KT+1)) HD=TOP(J,I,KT+1)

580 HDIFF=HNEW(J,1,K)-HD

[ BUFF (J, T,K) =HDIFF*CV(J, I,K)
c __**calculated new O by EK**
< first set buff to the harmonic mean of cmob

BUFF (J,1,K)=(thk(J, I, K)+thk(J T, K+1))/
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€ (thk(J,I,K)/CMOB(J,I,K)+thk(J, I K+1)/CMOB(JI, I K+l))

c MULT BY VOLTAGE GRADIENT
BUFF(J,I,K)=BUFF(J,I,K)'HDIFF/((thk(J,I,K)+thk(J,I,K+l))/2)

c MULT BY AREA
BUFF (J, I,K)=BUFF(J,T,K) *dele (1) *delr (J)
600 CONTINUE

c
CH————- RECCRD CONTENTS OF BUFFER.
' WRITE(IOUT) KPER,KSTP,NCOL,NROW,NLAY, TEXT
WRITE(IOUT) BUFF
C
700 CONTINUE
C
Crm—== CALCULATE FLOW TERMS INTO OR OUT OF CONSTANT-HEAD CELLS
TEXT="CNH"
NCNH=0
o)
C2==—=== CLEAR BUFFER
DO 5 K=1,NLAY
DO 5 I=1,NROW
DO 5 J=1,NCOL
BUFF (J,I,K)=0.
5 CONTINUE
c
C3——-mm= FOR EACH CELL IF IT IS CONSTANT HEAD COMPUTE FLOW ACROSS 6
C3~———- FACES
KT=0
DO 200 K=1,NLAY
LC=LAYCON {K}
IF{LC.EQ.3 .OR. LC.EQ.2} KT=KT+l
DO 200 I=1,NROW
Do 200 J=1,NCOL
C
Cd———— IF CELL IS NOT CONSTANT HEAD SKIP IT & GO ON TO NEXT CELL.
IF (IBOUND(J,I,K).GE.0)GO TO 200
NCNH=NCNH+]
C
Co5-———- CLEAR FIELDS FOR SIX FLOW RATES.
X1=0.
X2=0.
X3=0.
Xa=0.
X5=0.
X6=0.
c
C6A-~--CALCULATE FLOW THROUGH THE LEFT FACE
C
CTemmmr IF THERE IS AN INACTIVE CELL ON THE OTHER SIDE OF THIS
C7===== FACE THEN GO ON TO THE NEXT FACE.
IF(J.EQ.1) GO TO 30
IF (IBOUND(J-1,1,K).EQ.0)GO TO 30
HDIFF=HNEW(J,1,K)~HNEW(J-1,1,K)
C
C8-————- CALCULATE FLOW THROUGH THIS FACE INTO THE ADJACENT CELL.
c_ X1=HDIFF*CR(J-1,1,K)
¢ **calculated nhew Q by EK**
c first set X1 to the harmeonic mean of cmob
X1=(DELR(J) +DELR{J-1))/(DELR(J}/CMOB(J, 1, K} +
_________ % DELR(J-1) /CMOB{J-1,1,K).).
______ X1=X1*HDIEF/ ( (delr (J) +delr(J-1))/2)
X1=X1%*delc(I)*thk(J-1,1,K)
c

C6B---~CALCULATE FLOW THROUGH THE RIGHT FACE
30 IF(J.EQ.NCOL) GO TO 60 :
IF (IBOUND (J+1,1,K) .EQ.0) GO TO 60
HDIFE=HNEW(J,1,K)-HNEW(J+1,1,K)

c X2=HDIFF*CR(J,I,K)

¢ _‘*calculated new Q by EK**

[ first set buff to the harmonic mean of cmob
X2={DELR(J)}+DELR{(J+1) )/ (DELR{J)/CMOB(J, I,K}+
& DELR(J+1)/CMOB(J+1,1,K))

X2=XZ*delc (I)*thk(J+1,I,K)

C6C-—--CALCULATE FLOW THROUGH THE BACK FACE.
60 IF(I.EQ.1) GO TO %0
IF (IBOUND(J,I-1,K).EQ.0) GO TO 90
HDIFF=HNEW (J, I,K)-HNEW{J, 1-1,K)

C X3=HDIFF*CC(J,I-1,K]

c _**calculated new Q by EK*¥

c first set X3 to the harmonic mean of cmob
X3=(DELC (L) +DELC(1-1))/ (DELC(1)/CMOB(J, I,K)+

% DELE(T-1)/CMOB(J,1-1,K) )

X3=X3*HDIFF/ ((delC (1) +delC(I-1))/2}
X3=X3*delR(J} *thk(J, I-1,K)

o}
C6D--~-CALCULATE FLOW THROUGH THE FRONT FACE.
%0 IF(I.EQ.NROW) GO TO 120
IF(IBOUND(J,I+1,K).EQ.0) GO TCO 120
HDIFF=HNEW (J,I,K)-HNEW(J, I+1,X)
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C X4=HDIFF*CC(J,1,K)
¢ **calculated new Q by EK**
[ first set X4 to the harmonic mean of cmob
X4={DELC(I)+DELC(I+1))/ (DELC(I}/CMOB(J, I, K)+
& DELC{I+1)/CMOB(J,I+1,K)}

X4=XA*HDIFF/ ((delC(1)+delC(I+1))/2)
X4=X4+*delR(J)*thk(J, I1+1,K)

[
C6E--~-CALCULATE FLOW THROUGH THE UFPER FACE
120 1F(X.EQ-1) GO TO 150
IF (IBOUND(J,I,K-1).EQ.0) GO TC 150
HD=HNEW (J,T,K)
IF(LC.NE.3 .AND. LC.NE.2) GO TO 122
TMP=HD
IF(TMP.LT.TOP(J, I,KT}) HD=TOP({J,I,KT)
122 HDIFF=HD-HNEW(J,I,K-1}

c X5=HDIFF*CV(J,I,K-1)
¢ *tcalculated new Q by EK**
c first set X5 to the harmonic mean of cmob

X5=(thk(J, I, K *thk(J,I,K-11)/
€ (thk(J,I,K)/CMOB(J,I,K) fthk(J,1,K-1)/CMOB(J,I,K-1))

X5=X5*HDIFF/ ({thk(J,I,K)+thk(J, I,K-1))/2)
X5=X5+delR(J)*delC(I)

c
C6F----CALCULATE FLOW THROUGH THE LOWER FACE.
150 IF(K.EQ.NLAY) GO TO 180
IF (IBOUND(J,I,K+1).EQ.0) GO TD 180
HD=HNEW (J, 1,K+1)
IF (LAYCON(K+1) .NE.3 _AND. LAYCON(K+1).NE.2) GO TO 152
TMP=HD
IF (TMP.LT.TOP (J,I,KT+1)} HD=TOP(J,I,KT+1)
152 HDIFF=HNEW(J,I,¥)-HD

c X6=HDIFF*CV(J, I, K)
¢ __‘**calculated new Q by EK*¢
c first set X6 to the harmonic mean of cmoh

% (thk(J,I,K)/CMOB(J,I,K)+thk(J I ,K+1)/CMOB(J, T K+1))

X6=X6*HDIFE/ ((thk(J,I,K)+thk(J, I, K+1})/2)
X6=X6vdelR(J)*delC(I)

C
Cla---—- SUM UP FLOWS THROUGH SIX SIDES OF CONSTANT HEAD CELL.
180 BUFF(J,I,K)=X1+X24X3+X4+X5+X6
C
200 CONTINUE
C
Co——— RECORD CONTENTS OF BUFFER.
WRITE (I0UT) KPER,KSTP,NCOL,NROW,NLAY, TEXT, NCNH
o}
Co=mm=— IF THERE ARE NO CONSTANT-HEAD CELLS THEN SKIP
IF (NCNH.LE.Q) GOTO 1000
c

C--WRITE CONSTANT-HEAD CELL LOCATIONS AND RATES
DO 900 K=1,NLAY
DO 500 I=1,NROW
DO 900 J=1,NCOL
IF (IBOUND(J,I,K).LT.0) WRITE(IOUT} K,I,J,BUFF(J,I,K)
900 CONTINUE
c
C17+~~~RETURN
1000 RETURN
END

[ Re]

SUBRQUTINE WEL1MT{NWELLS,MXWELL,WELL, IBOUND,

1 NCOL,NROW,NLAY,KSTP,KPER, ICUT,

? _econd,theta,thetas,thetao,expn, ekmob,valance, eqeond,
3 ecsoil FY,AIS,BIS)

P e N Y X L R R R R R A R A R R R R R R R T A ]

SAVE WELL LOCATIONS AND RATES FOR USE IN MT3D.

R I LA R R R R R S R A R R R R AR R A A Rl
Modified from McDonald & Harbaugh, 1588

last modified: 10-Aug-1990

anaoana

CHARACTER*16 TEXT

DIMENSION- WELL+4 , MXWELLY - I BOUNDNGOL, NROW,-MLAY} REAL*4 factor,ceq,A,B
DIMENSICON WELL (4 ,MXWELL) , TBOUND (NCOL, NROW, NLAY) ,

6 econd (NCOL, NROW, NLAY) , theta (NCOL, NROW, NLAY) ,

7 thotas (NCOL,NROW,NLAY) , thetao (NCOL, NROW, NLAY)

8 expn (NCOL, NROW, NLAY) , ecwater (NCOL, NROW, RLAY) ,

5 cmob (NCOL,NROW, NLAY) , fy (NCOL, NROW, NLAY)

TEXT="WEL"
o)
<
c **added electrokinetic terms calcs.**
c calculate constants for electic mobility adjustment
[ for concentation effects

A=(60.2* {(ARS (valance))**2)/(2*96500)
B=0.229* (ABS (valance))**3
[ IONIC STRENGHT FROM ELECTRICAL COND CALCS. PARAMETERS
o NOW BEING READ FROM INPUT FILE
o]
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c
c WRITE(*,*} "A,B,ECOND(1,1,1) ,THETA(1,1 1), THETAS(1,1,1)"
< WRITE(*, %) A,B,BCOND(L,1,1},THETA{1,1,1) , THETAS(1,1,1)
c WRITE (¥, *) 'THETAO(L,1,1),EXPN(1,1,1)"
c WRITE(*,*) THETAO(1,1,1), EXPN(1,1,1)
WRITE (*  *} 'EKMOB, VALANCE, EQCOND'
WRITE (*,%) EKMOE, VALANCE, EQCOND
c calc electrical conductivity of the water for each cell
< from electrical conductivity of the soil by Mualem and
c . Friedman (1991) equation 27 (see pg B3 edm)

DO 309 K=1,NLAY

DO 309 J=1,NCOL
c This calcs the geometric fagtor My equation 26.....

factor=(theta(J, I, K} -thetao(J,I,K)}** {expn{d, I K)+2)
factor=factor/ (thetas(J,I,K)-thetao(J,I,K))
factor=factor*fFY(J,I,K}
c Water conductivity is calc here to get ionic strength
effects in method 2.....

2]

ecwater{J,I,K)=(econd (J,I,K)-ecsoil)/ (factor)

e L L L 2 R A 2 A2 R R TR A R A R R N R

CONCENTRATIGN EFFECTS ON TON MOBILITY

*+METHOD 1 Calculate the new ionic mobility wvia **
the Debye-Huckel-Onsagar Equation (See EDM pg83) _**

#++decided to remove this method and only activity coef.
method to adjust for ionic strength****

calc equilvent concentration in the cell {see pg B6 edm)
ceq=1000/eqcond*ecwater (J,1,K) /100

calc new ion mobility adjusted for concentation
set ek to be in units of cmz v-1 s-1

ek=ABS (ekmob)} * 10000

cmob (3, 1,K) = (ek-{ (A+B*ek) *ceg**0.5)) /10000

[e e e B it e R Tl s s RTL T RIs REs BRI He Ho ReH1l

*+METHOD 2  Calc the new ionic mobility via
the Debye-Huckel activity coefficient method using
ionic strenght (see EDM pg 96) bl

first calc ionic strenght (mol/l) from electrical
conductivity (5/m) as per Griffin and Jurinak 1973...

nljalo|aioigia

cmob(},1,K)= ABS (ekmob)
IF(XIS.LT.0)GOTQ 308

[of DAVIES EQUATION TO GET ACTIVITY COEFFICIENT {AC)
5
(85* VALANCE** 2+ (SRIS/ (145QIS) ~.3*X1S))

c sets temp as activity coefficient adjusted mobility
TEMP=AC*ABS (EKMOB)

1F(I.eq.1 .and. J.eq.1 .and. K.eq.l)THEN
WRITE(%,¥) "factor =", factor

WRITE (*,%) “ecwater =", ecwater(j,i k)
WRITE (*,*) “ionic strength=", xis
WRITE(*,*) ™activity coef =", ac

c
c COMPARE THE TWO METHODS AND CHOOSE THE GREATER
[= MOBILITY TERM ...no longers compares mobility...
¢ IF (cmob(J, I,K) .LT.TEMP) THEN .
cmob (J, I, K)=TEMP
< ENDIF
o END CONCENTATION EFFECTS
C T e I e R A A A N R
c

¢ adjustment of cmob for verification purposes with rekka's model)

c cmob (j,1, k)=ekmobtfactor

c R 22 A2 22222 R R 2 3

<

c mult ionmob by theta/tau**2 (ie. factor)and set correct sign
308 cmob(J,I,K)=cmob(J,I,K)*factor*valance/ABS(valance)

[ adjust cmob by effective area to be used in MT3D

cmob (I, 1,K) =cnoh (3,1, K)»theta(d, 1K)/
* (theta(J,I,K)-thetao(J,I,K]))

CONTTNUE
[ WRITE AN 1DENTIFYING HEADER
WRITE (TOUT) KPER,KSTP,NCOL, NROW, NLAY, TEXT, NWELLS
c
C2mmmmmm IF THERE ARE NO WELLS RETURN

IF (NWELLS.LE.O) RETURN
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Ch—mmmo| WRITE WELL LOCATION AND RATE ONE AT A TIME
DO 100 L=1,NWELLS
IL-WELL(1,L)
IR=WELL(2,L)
TC=WELL(3,L)

Co-————— IF CELL 15 EXTERNAL Q=0
o=0.
TF (IBOUND{IC,IR,IL}.LE.0) GO TO 110
Q=WELL(4,L)

C *+*ADJUST Q TO BE ELECTROKINETIC Q** (SEE PG B3 EDM)

110 WRITE (IOUT) IL,IR,IC,Q
100 CONTINUE

o

Cll----- RETURN
RETURN
END

o}

(o4

SUBROUTINE DRN1MT (NDRAIN,MXDRN, DRAI, HNEW,
1 NCOL,NROW,NLAY, IBOUND, K5TP,KPER, IOUT)

C P 22 2 R R R 2 A s R R R R R AR A R L R RS
C CALCULATE AND SAVE DRAIN LOCATION AND RATES FOR USE IN MT2D
c P 222 2222 2R A T T R R R R R R AR RS SRR AR AR S AR RS AR RN
C Modified from McDonald & Harbaugh, 1988
C last modified: 10-Aug-1990
C
CHARACTER*16 TEXT
DOUBLE PRECISION HNEW
DIMENSION DRAI {5,MXDRN),
1 HNEW (NCOL, NROW, NLAY) , TBOUND (NCOL, NROW, NLAY}
TEXT="DRN"
c
Cmmmmem WRITE AN IDENTIFYING EEADER
WRITE (IQUT) KPER,KSTP,NCOL,NROW,NLAY, TEXT, NDRAIN
c
C2-mmmmm IF THERE ARE NO DRAINS THEN SKIP
IF{(NDRAIN.LE.0) RETURN
c
C4--———- FOR EACH DRAIN ACCUMULATE DRAIN FLOW
DO 100 L=1,NDRAIN
c
Co=m e GET LAYER, ROW & COLUMN OF CELL CONTAINING REACH.
IL=PRAI(1,L}
IR=DRAI (2,L}
IC=DRAI(3,L)
C
CH-——m—=~ IF CELL IS EXTERNAL Q=0
Q=0.
IF (IBOUND(IC,IR,IL).LE.D) GO TC 110
c
C7 ==t GET DRAIN PARAMETERS FROM DRAIN LIST.
EL=DRAI (4,L)
C=DRAI(S,L}
HHNEW=HNEW (IC,IR,IL)
[
CB-————— 1F HEAD LOWER THAN DRAIN THEN FORGET THIS CELL.
IF (HHNEW.LE.EL) GO TO 110
C
CY9-——— HEAD HIGHER THAN DRAIN. CALCULATE Q=C* (EL-HHNEW).
CY—rem— SUBTRACT © FROM RATOUT.
Q=C* (EL-HHNEW)
C
Cll-==—- WRITE DRAIN LOCATION AND RATE
110 WRITE(IOUT) IL,IR,IC,Q
100 CONTINUE
c
Cl5--——- RETURN
RETURN
END
(o]
c
SUBROUTINE RIVIMT(NRIVER,MXRIVR,RIVR, IBOUND, HNEW,
1 NCOL,NROW, NLAY,KSTP, KPER, IQUT)
c N 2 e 2R R R R R e R R R R R AR R AR AR A R
C SAVE RIVER LOCATIONS AND RATES FOR USE IN MT3D.
[od S Y Y 2 s AR R 2 R R R R A R R AR AR S A
¢ Mcdified from McDonald & Harbaugh, 1988
C last modified: 10-Aug-1950¢
C
CHARACTER*16 TEXT
DOUBLE FPRECISION HNEW
DIMENSION RIVR{6,MXRIVR), IBOUND (NCOL, NROW, NLAY)
1 HNEW {NCOL, NROW, NLAY)
TEXT="RIV"’
C
C-—-——=- WRITE AN IDENTIFYING HEADER .
WRITE{IOUT) KPER,KSTP,NCOL,NROW,NLAY,TEXT, NRIVER
Cc
C2-——--- IF NO REACHES SKIP
IF (NRIVER.LE.O0} RETURN
C
[ B FOR EACH RIVER REACH ACCUMULATE RIVER FLOW

DO 100 L=1,NRIVER
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C
CH—————= GET LAYER, ROW & COLUMN OF CELL CONTAINING REACH.
IL=RIVR(1,L)
IR=RIVR(2,L)
IC=RIVR(3,L)
C
Cé—————— IF CELL 1S EXTERNAL RATE=0
RATE=0.
IF(IBOUND(IC,IR,IL).LE.0) GO TO 110
o}
CT= e GET RIVER PARAMETERS FROM RIVER LIST.
HRIV=RIVR(4,L)
CRIV=RIVR(5,L)
RBOT=RIVR({6,L)
HHNEW=HNEW (IC, IR, IL)
C
CE——-—— COMPARE HEAD IN AQUIFER TO BOTTCOM OF RIVERBED.
[od
CO————w AQUIFER HEAD > BOTTOM THEN RATE=CRIV* (HRIV-HNEW) .
IF {HHNEW.GT.RBOT) RATE=CRIV* (HRIV-EHNEW)
[}
Cl0==—=-. AQUIFER HEAD < BOTTOM THEN RATE=CRIV* (HRIV-RBOT)
IF (HHNEW.LE.RBOT) RATE=CRIV* (HRIV-RBOT)
c
C12--——-- WRITE RIVER REACH LOCATION AND RATE

110 WRITE(IOUT) IL,IR,IC,RATE

100 CONTINUE

c
C19-—m—— RETURN
RETURN
END
C
C
SUBROUTINE RCHIMT (NRCHOP, IRCH, RECH, IBOUND, NROW, NCOL, NLAY,
1 KSTP,KPER,BUFF, JOUT)
C ﬁii*l—ii}&.&w‘.l‘iiibtiiﬁtiiiidl&“i.*i&&t&"i'lbiiti‘iﬁtiii}thilitt
C SAVE REACHARGE LAYER INDICES (IF NLAY>1) AND RATES FOR USE IN MT3D.
C iiOft’i***i&i‘li‘ii*iiiﬁ*iidlﬁﬂ-iil-i{Iﬁb‘*ﬁ@ﬂiﬁiiiiti&ii&.iiliitﬁit.
C Modified from McDonald & Harbaugh, 1988
C last modified: 10-Aug-1990
C

CHARACTER*16 TEXT
DIMENSION IRCH(NCOL,NROW), RECH(NCOL, NROW),
1 IBOUND(NCOL, NROW,NLAY),BUFF (NCOL, NROW, NLAY)

TEXT="RCH"
c
[o— WRITE AN IDENTIFYING HEADER
WRITE (IOUT) KPER,KSTP,NCOL,NROW,NLAY, TEXT
¢
C2mmmmmm CLEAR THE BUFFER.
DO 2 IL=1,NLAY
DO 2 IR=1,NROW
DO 2 IC=1,NCOL
BUFF (IC, IR, IL)=0.
2 CONTINUE
c
ok BN IF NRCHOP=1 RECH GOES INTO LAYER 1.
5 IF (NRCHOR.NE.1} GO TO 15
c
IL=1
IF(NLAY.GT.1) WRITE(IOUT) ((IL,J=1,NCOL),I=1,NROW)
c

C--IF EXTERNAL CELLS RECH=0
DO 6 T=1,NROW
Do 6 J=1,NCOL

IL=1
IF (IBOUND(J,I,IL).LE.0O) RECH(J,I)=0
6 CONTINUE
WRITE (IOUT) ((RECH(J,I),J=1,NCOL),I=1,NROW)
GO TO 100
o
Cl——--— IF NRCHOP=2 RECH IS IN LAYER SHOWN IN INDICATOR ARRAY(IRCH).
15 IF(NRCHOP.NE.2)GO TO 25
c
IF (NLAY.GT.1) WRITE(IOUT) ((IRCH(J,I},J=1,NCOL},I=1,NROW)
C

G--IF EXTERNAL CELLS RECH=0
DO 16 I=1,NROW
DO 16 J=1,NCOL

IL=IRCH(J, T}
IF (IBOUND(J, T,IL).LE.0) RECH(J,1}=0
16 CONTINUE
WRITE (IOUT) ((RECH(J,I),J=1,NCOL),I=1,NROW)
GO TO 100
c
C5—mm IF OPTION=3 RECHARGE IS INTO HIGHEST INTERNAL CELL.
[P FIND HIGHEST INTERNAL CELL AND STORE IT-IN BUFFER
25 IF (NRCHOP.NE.3)GO TO 100
c
DO 30 IR=1,NROW
DO 30 IC=1,NCOL
DO 28 IL=1,NLAY
c

CS5A-—--- IF CELL IS CONSTANT HEAD MOVE ON TO NEXT HORIZONTAL LOCATION.
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IF (IBOUND(IC,IR,IL).LT.0}) THEN
RECH{IC,IR)=0
GO TO 30
ENDIF
c
C5B-=—-- IF CELL IS INACTIVE MOVE DOWN TO NEXT CELL.
IF (IBOUND{(IC,IR,IL}.EQ.0) GO TO 28
BUFF{IC,IR,1)=IL
GO TO 30
o)
28 CONTINUE
30 CONTINUE
c
IF (NLAY.GT.1) WRITE(IOUT) ((INT(BUFF(J,I,1}),J=1,NCOL},I=1,HROW)
WRITE(IOUT) ((RECH(J,T),J=1,NCOL),1=1, NROW)
C
100 CONTINUE
c
Cll----- RETURN
RETURN
END
c
o}
SUBRQUTINE EVT1MT (NEVTOP, IEVT, EVTR, EXDP, SURF, IBOUND, HNEW,
1 NCOL,NROW, NLAY,KSTP, KPER, BUFF, IOUT)
C I A2 R R R R R R e R RS R Rl
C SAVE EVAPOTRANSPIRATION LAYER INDICES (IF NLAY>1) AND RATES
C FOR USE IN MT3D.
c R R R R 22 AR AR R R R R R R R R R R s R e R R R R
C Modified from McDonald & Harbaugh, 1988
C last modified: 10-Aug-1990
C

CHARACTER*16 TEXT
DOUBLE PRECISION HNEW
DIMENSION 1EVT(NCOL,NROW), EVTR (NCOL, NROW) , EXDP (NCOL, NROW) ,

1 SURF (NCOL, NROW) , IBOUND (NCOL, NROW, NLAY) ,
2 HNEW {NCOL, NROW, NLAY) , BUFF {NCOL, NROW, NLAY)
TEXT="EVT"'
C
Commm o WRITE AN IDENTIFYING HEADER
WRITE(IOUT) KPER,KSTP,NCOL,NROW,NLAY, TEXT
c
C2mmmmmm CLEAR THE BUFFER.
DO 4 IL=1,NLAY
DO 4 IR=1,RROW
DO 4 IC=1,NCOL
BUFF (1C, IR, IL)=0.
§ CONTINUE
c
C3~mmmmm PROCESS EACH HORIZONTAL CELL LOCATION
[o R AND STORE ET RATES IN BUFFER (IC,IR,1)
5 DO 10 IR=1,NROW
DO 10 IC=1,NCOL
c
[o BT SET THE LAYER INDEX EQUAL TO 1
IL=1
C
CH—————— IF OPTION 2 1S SPECIFIED THEN GET LAYER INDEX FROM IEVT ARRAY
IF (NEVTOP.EQ.2) IL=IEVT(IC, IR}
c
Chmrmmrse IF CELL IS EXTERNAL THEN IGNORE IT.
TF (IBOUND (IC, IR, IL) .LE.0)GO TO 10
C=EVTR(IC, IR
§=SURF (IC, IR)
H=HNEW (1C, IR, IL)
c
[ EEEEE IF AQUIFER HEAD => SURF,SET Q=MAX ET RATE
IF(H.LT.5) GO TO 7
Q=-C
GO TO 9
c
CB———nm 1F DEPTH=>EXTINCTION DEPTH, ET 1§ 0
7 ¥X=EXDP (IC, IR}
D=$-H
IF({D.GE.X)GO TO 10
c
CY—————- LINEAR RANGE . Q=-EVTR{H-EXEL)/EXDP
Q=CYD/X-C
o
9 CONTINUE
[od
C1l----- ADD Q TO BUFFER 1
BUFF (IC,IR,1)=Q
10 CONTINUE
¢
C12-=mvm RECORD THEM.
IF (NLAY.GT.1.AND.NEVTOP.EQ. 1)
& WRITE(IOUT) ((1,J=1,NCOL),I=1,NROW)
1F (NLAY.GT.1.AND.NEVTOP.EQ.2)
& WRITE{IOUT) {(IEVT(J,I},J=1,NCOL),I=1,NROW)
WRITE (IOUT) ((BUFF(J,1,1),J=1,NCOL),I=1, NROW)
c
C17----- RETURN

RETURN
END
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c
o
SUBROUTINE GHB1MT (NBOUND,MXBND, BNDS, HREW,
1 NCOL,NROW,NLAY, IBOUND, KSTP, KPER, IOUT)
R R R L T T T ST I T I I T
C SAVE HEAD DEP. BOUND. CELL LOCATIONS AND RATES
C FOR USE IN MT3D.
[d L R )
C Modified from McDonald & Harbaugh, 1988
C last modified: 10-Aug-193%0
c
CHARACTER*16 TEXT
DOQUBLE PRECISION HNEW
DIMENSION BNDS (5,MXBND),
1 HNEW {NCOL, NROW, NLAY) , IBOUND (NCOL, NROW, NLAY)
TEXT="GHB"
c
L WRITE AN IDENTIFYING HEADER
WRITE(IOUT) KPER,KSTP,NCOL, NROW,NLAY, TEXT, NBOUND
c
C2emmmmm IF NO BOUNDARIES THEN SKIP
IF (NBOUND.LE.O) RETURN
C
CL------ FOR EACH GENERAL HEAD BOUND ACCUMULATE FLOW INTO AQUIFER
DO 100 L=1,NBOUND
C
C5—————- GET LAYER, ROW AND COLUMN OF EACH GENERAL HEAD BOUNDARY.
IL=BND5(1,L)
IR=BNDS (2,L)
IC=BNDS (3,L)
C
CH~m v — IF CELL IS5 EXTERNAL RATE=0
RATE=D.
I1F¥ (IBOUND(IC,IR,IL).LE.O) GO TO 110
o]
CFmme e GET PARAMETERS FROM BOUNDARY LIST.
HHNEW=HNEW(IC, IR, IL)
HB=BNDS {4,L)
C=BNDS {5, L)
o)
CBmmmm—= CALCULATE THE FOW RATE INTO THE CELL
RATE=C* (HB-HHNEW)
c
C10-——-- WRITE HEAD DEP. BOUND. LOCATION AND RATE
110 WRITE (IOUT) IL,IR,IC,RATE
100 CONTINUE
Lo RETURN

RETURN
END
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IMT3D=IUNIT (22)

IF{IMT3D.EQ.0) GO TO 9999

CALL BASIMT (X (LCHNEW), X (LCIBCOU),
2 NCOL, NROW, NLAY, KKSTP, KKPER, X (LCBUFF) , IMT3D)

IF(TUNIT(1).GT.0) CALL BCF1MT (X (LCHNEW), X (LCIBOU), X (LCCR),
1 X {LCCC) , X (LCCV) , X (LCTOP) , NCOL, NROW, NLAY, KKSTP, KKPER,
3 X (LCBUFF) , IMT3D, X (LECOND) , X {LTHETA) , X (LTHETAS) ,
]
5

X (LTHETAO) , X (LEXPN) , EKMOB, VALANCE, EQCOND, X (LCDELR]} ,
X (LCDELC) , X (LTHK) ,ecso0il, x(1£fy), ais, bis)
IF(IUNIT({2).GT.0) CALL WELIMT(NWELLS,MXWELL,

1 X (LCWELL) , X (LCIBOU) , NCOL, NROW , NLAY, KKSTP, KKPER, IMT3D,
______ 3 X (LECOND) , X (LTHETA) , X (LTHETAS) ,
q X (LTHETAC) , X (LEXPN) , EKMOB, VALANCE, EQCOND, ecsoil, x (1£y),
B _ais,bis)
TF(TUNIT(3).GT.0) CALL DRNIMT (NDRAIN,MXDRN,
1 X (LCDRAT) , X {LCHNEW) , NCOL, NROW, NLAY, X (LCIBOU) , KKSTP,
2 KKPER, TMT3D)
IF(TUNIT(8).GT.0) CALL RCHIMT (NRCHOP,X (LCIRCH),X (LCRECH),
1 X (LCIBOU) , NROW, NCOL, NLAY, KKSTP, KKPER, X (LCBUFF) , IMT3D)
IF(IUKIT(5).GT.0) CALL EVTIMT (NEVTOP,X (LCIEVT) X (LCEVTR)
1 X (LCEXDP) , X (LCSURF) , X {LCIBOU) , X (LCHNEW) , NCOL, NROW, NLAY,
2 KKSTP, KKPER, X (LCBUFF) , IMT3D}
IF (IUNIT{4).GT.0) CALL RIVIMT (NRIVER,MXRIVR,X(LCRIVR),X (LCIBOU),
1 X (LCHNEW) , NCOL, NROW, NLAY, KKSTP, KKPER, IMT3D)
IF(IUNIT(7).GT.0) CALL GHBIMT (NBOUND,MXBND,
1 X (LCBNDS) , X (LCHNEW) , NCOL, NROW, NLAY, X (LCTBOU) , KKSTP,
2 KKPER, IMT3D)

9999 CONTINUE



APPENDIX B. MODFLOW Input File Example: One-Dimensional
Laboratory Dye Experiment

Appendix B includes example MODFLOW input files for a one-dimensional laboratory
experiment. In order to save space, these example input files describe a simulation domain that
contains 210 cells (each 0.001 m long) rather than the 2100 cells (each 0.0001 m long) described
in Chapter 2. The files included in this appendix use the same nomenclature and format as

described in the MODFLOW User’s Manual (McDonald and Harbaugh, 1988).

BAS.dat is the code control file that sets up the problem. The input shown here is
identical to the format described by McDonald and Harbaugh (1988, p. 4-9 — 4-12) with the

exception that voltage is used rather than hydraulic head (data entry #8, Line 12, HEAD).

BCF .dat contains most of the input modifications to implement electromigration
transport. Line 6 contains the ion mobility (m?v's™), ion valence (-), depth of each cell (m), and
the soil electrical conductivity of (S m™), all assigned 4F10.0 format. On line 8 are the slope and
intercept to convert EC,, to ionic strength. Beginning on Line 9 there are a series of inputs in
RARRAY format that describe the EC, (S m™), 8 (m®> m?), 8. (m* m”), 6 (m’ m™), the Mualem
and Friedman model parameters F(4) (-) and n (). The remainder of input included in this file

are unchanged from the MODFLOW User’s Manuel (McDonald and Harbaugh, 1988).

WEL.dat is unchanged from the MODFLOW User’s Manual example except that the

well pumping and extraction rates are input as electrical current from electrodes (C sh.

References: A .
McDonald, M. C., and A. W. Harbaugh, 1988. “A Modular Three-Dimensional Finite-Difference
Ground-Water Flow Model.” USGS Open-file Report 83-875.



B-2
BAS.dat

1D TEST PROBLEM
EK testing of closed cell
1 1 210 1 1
11 09 00 0 0 0 00000 O 0 22 19 00 00 00 00 00 00 0O 00 66 00
00
0 0 IAPART, ISTRT
101 1(1513) 3 IBOUND-1

=
=N

12101
210 210 -1
999.99
101 1{15F3.0) 4 HEAD-1

=
=

1 210 30

50 210 20

150 210 10

210 210 O

18000. 1 1. PERLEN, N3STP, TSMULT

RIS
HER R P



B-3

BCF .dat
1 0 155, IBCFBD
0
0 1. TRPY
0 .001 DELR
0 .0191 DELC
2.7e-8 -2. .1524 .0028
ekmob, valance, eqcond, ecsoil
0.127 .002 IS slope,lS intercept
101 1. (4G10.4) 12 econd
2
1 11 210 0.6284e-2
1 1 95 105 2.514e-02
101 1. (4G10.4) 12 theta
1
111 210 .135
101 1. (4G10.4) 12 thetas
1
111210 .375
101 1. (4G10.4) 12 thetao
1
111210 .03
101 1. (4G10.4) 12 F(y)
1
111 210 2.73
101 1. {4G10.4) 12 expn
1
111 210 .5373
101 .1524 {4G10.4) 12 T-la
2
111210 0.6284e~-2

1 1 95 105 2.514e-02



= NN

B-4
WEL.dat

MXWELL, IWELCB
ITMP
1 0.010187
210 -0.010187



APPENDIX C. MT3D Input File Example: One-Dimensional
Laboratory Dye Experiment

Appendix C includes input files required to run an example MT3D simulation for the
one-dimensional laboratory dye experiment described in Chapter 2. The three files included in
this appendix are unchanged from those presented by Zheng (1990). BTN inp is the control file,
DSP.inp sets the dispersion input parameters, and SSM.inp defines the source/sink boundary
conditions. See the description of these input files in Zheng'’s Appendix B (1990). Note that

PRSITY in BTN .inp must match the input value for 6 n BCF.dat (see Appendix B).

References:

Zheng C., 1990. “MT3D: A Modular Three-Dimensional Transport Model for Simulation of
Advection, Dispersion and Chemical Reactions of Contaminants in Groundwater Systems.”
Report prepared for the U.S. EPA.



C-2

BTN.inp
1D TEST PROBLEM - EK TEST
STRIP DYE EXPERIMENT
1 1 210 1
'NLAY, NROW, NCOL, NPER
SEC M MOLES !'TUNIT, LUNIT,MUNIT
TTTTF ‘ 'FADV, FDISP, FSSM, FREACT
0 'LAYCON
0 .001 !'DELR
0 .0191 'DELC
0 .0 : 'HTOP
0 .1524 'DZ-LAYER 1
0 .135 IPRSITY-LAYER 1
101 1(15I3) 3 'TCBUND-LAYER 1
1
1112101
101 1.(15F3.0) 4 | SCONC-1
2
111210 0.
11 85 105 20.
-899.00 !CINACT
9 8 8 8 T
!IFMTCN,IFMTNP,IFMTRF,IFMTDP,UCNSAV
3 INPRS
3600 10800 18000 !'TIMPRS
0 INOBS
T ' CHKMAS
18000. 1 1. ' PERLEN, NSTP, TSMULT

3. 50000 'DTO, MXSTRN



0

0

3.65E-10

DSP.inp

TRPT
TRPV

DM



C-4
SSM.inp

TFFFFF
]

= N



APPENDIX D. MODFLOW Output File Example: One-Dimensional
Laboratory Dye Experiment

This appendix contains a MODFLOW output file called OUTPUT txt for the example
problem described in Appendix B. The MODFLOW output echoes the MODFLOW input (see
Appendix B) and lists the calculated electric potential field. The details for the output file

contents can be found in McDonald and Harbaugh (1988, pp. 4-14 — 4-17).

References:
McDonald, M. C., and A. W. Harbaugh, 1988. “A Modular Three-Dimensional Finite-Difference
Ground-Water Flow Model.” USGS Open-file Report 83-875.



D-2
OUTPUT xt

1 U.S. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATER MODEL
01D TEST PROBLEM EX testing of closed cell
1 LAYERS 1 ROWS 210 COLUMNS
1 STRESS PERIOD(S) IN SIMULATION
MODEL TIME UNIT IS SECONDS
01/0 UNITS:
ELEMENT OF TUNIT: 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
I/JOUNIT: 11 9 0 0 0 0 0 0O 0 0 02219 0 0 0 0 0 0 O 066 O O
OBAS1 —- BASIC MODEL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 1
ARRAYS RHS AND BUFF WILL SHARE MEMORY.
START HEAD WILL NOT BE SAVED -- DRAWDOWN CANNOT BE CALCULATED
3575 ELEMENTS IN ¥ ARRAY ARE USED BY BAS
3575 ELEMENTS OF X ARRAY USED OUT OF 750000
OBCF1 -- BLOCK-CENTERED FLOW PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 11
STEADY-STATE SIMULATION
LAYER AQUIFER TYPE

1 ELEMENTS IN X ARRAY ARE USED BY BCF
3576 ELEMENTS OF X ARRAY USED OUT OF 7530000
OWEL1 -- WELL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM 9
MAXTMUM OF 2 WELLS
8 ELEMENTS IN X ARRAY ARE USED FOR WELLS
3584 ELEMENTS OF X ARRAY USED OUT OF 750000
0PCG1 -~ PRECONDITIONED CONJUGATE GRADIENT SOLUTION PACKAGE, VERSION 1, 06/25/85 INPUT READ FROM UNIT 19
MAXIMUM OF 50 ITERATIONS ALLOWED FOR CLOSURE
PRECONDITIONING TYPE 3 PROBLEM TYFE ©
2110 ELEMENTS IN X ARRAY ARE USED BY PCG
5694 ELEMENTS OF X ARRAY USED CUT OF 750000
110 TEST PROBLEM EK testing of closed cell
0

BOUNDARY ARRAY FOR LAYER 1 WILL BE READ ON UNIT 1 USING BLOCK FORMAT

1 2 3 L] L] 6 7 8 5 10 11 12 13 14 15 16 17 18 1% 20 21 22 23 24 25 26 27 28

29 30

31 32 31 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 S50 51 52 53 54 55 56 57 58
59 60

61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 B2 83 B4 B5 86 87 88
89 50 ’

91 92 93 94 95 96 97 9B 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
e 12221 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148
12 15251 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 178 177 178
e 18?81 182 183 184 185 186 187 1B8 189 190 191 192 193 194 195 136 197 198 199 200 201 202 203 204 205 206 207 208

' ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
! ' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
! ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
! ! 1 1 1 1 1 ‘1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
. ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
;AQS;FER HEAD WILL BE SET TO 999.99% AT ALL NO-FLOW NODES (IBOUND=0).
0
INITIAL HEAD FOR LAYER 1 WILL BE READ ON UNIT 1 USING BLOCK FORMAT

i 2 3 4 5 6 7 8 9 10 11 1z 13 11
e 16 17 18 1¢ 20 21 22 23 24 25 26 27 28 29
* 31 32 33 34 35 36 37 38 39 40 41 42 13 44
e L1 47 18 49 50 51 52 53 54 55 56 57 58 59
5 61 62 63 64 65 66 67 68 69 70 71 72 73 74
™ 76 77 78 79 80 81 82 83 84 85 86 87 88 89
% 91 92 93 58 95 Y 97 98 99 100 101 102 103 104
1os 106 107 108 109 110 111 112 113 114 115 116 117 118 119
120 121 122 123 124 125 126 127 128 129 130 131 132 133 134

135



D-3

OUTPUT.txt
136 137 i3s 139 140 141 142 143 144 145 146 147 148 149
10 151 152 183 154 155 156 157 158 159 160 161 162 163 le4
1es 166 167 168 169 170 171 172 173 174 175 176 177 178 179
100 181 182 183 184 185 186 187 188 189 1%0 191 192 193 194
1 196 197 198 199 200 201 202 203 204 205 206 207 208 209

o 1 30,00 30.00 30.00 30.00 30.00 30.00 30,00 30.00 30.00 30.00 30.00 30.00 30.00 30.00

30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00

30-00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30,00 30.00 30.00 30.00 - 30,00
3000 30.00 30.00 30.00 30.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00
20-00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20,00 20.00 20.00 20.00 20.00 20.00 20.00
20-00 20.00 20.00 20.00 20.00 20,00 20.00 20.00 20.¢0 20,00 20.00 20.00 20.00 20.00 20.00
2000 20,00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20,00 20.00 20.00
2000 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00
20-00 20.00 20.00 20.00 20.00 20.00 20.00 20,00 20.00 20.00 20.00 20.00 20.00 20.00 20.00
20-00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00. 20.00 20.00 20.00 20.00 20.00 20.00
10-00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
ro-00 10.00 10.00 10.00 10.00 10.00 10,00 10.00 10.00 10.00 10,00 1c.00 10.00 10.00 10,00
r0-00 10.00 10.00 i0.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
ID;ZO 10.00 10.00 10.00 10,00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10,00 1¢.00 i0.00
0.

OHEAD PRINT FORMAT IS FORMAT NUMEER 4 DRAWDOWN PRINT FORMAT IS FORMAT NUMBER 4
OHEADS WILL BE SAVED ON UNIT 0 DRAWDOWNS WILL BE SAVED ON UNIT 0
QOUTPUT CONTROL IS SPECIFIED EVERY TIME STEP

o} COLUMN TO ROW ANISQTROPY = 1.000000

0 DELR = 0.1000000E-02
0 DELC = 0.1%10000E-01
0

eleccond. ALONG ROWS FOR LAYER 1 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

1 2 3 4 5 6 7 8 9

10
11 12 13 14 15 16 17 18 19
2 21 22 23 24 25 26 27 28 29
° 31 iz 33 34 35 e 37 38 39
0 41 42 13 414 45 46 17 48 49
* 51 52 53 54 55 56 57 58 59
*0 61 62 .63 64 65 66 67 68 €9
" 71 T2 73 74 75 76 17 78 79
B¢ 81 82 83 B4 a5 86 87 88 B9
% 91 92 93 94 95 96 97 . 98 99

100
iol 102 103 104 105 106 107 108 109
He 111 112 113 114 115 118 117 118 119
120 121 122 123 121 125 128 127 128 129
10 131 132 133 134 135 136 137 138 139
e 141 142 143 144 115 146 147 148 119
10 151 152 183 154 155 156 157 158 159
160 161 162 163 164 165 166 167 168 165
L 171 172 173 174 175 176 177 178 179
e 181 182 183 184 185 186 187 188 189
290 191 192 193 194 19% 196 197 198 199

200



201

0 1 6,2B40E-03
6.2840E-03
6.2B40E-03
6.2840E-03
6.2840E-03
6.2B40E-03
6.2840E-03
6.2840E8-03
6.2840E~03
6.2B40E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2B40E-03
€.2840E-03
2.5140E-02
2.5140E-02
6.2840E-03
6.2840E-03
6.2840E-03
6.2B40E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2B40E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-D3
6.2880E-03
6.2840E-023
6.2840E-03
0

10
11
20
21
30
31
40
41
50
51
60
61
70
71
80
81
90
91
100
101
110
111
120
iz1
130
131
140
111
150
151
160
iel
170
171
180
181
190
191
200

202

6.2840E-03
6.20840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2B40E-03
2.5140E-02
6.2840E-03
6.26840E-03
6.2840E-03
6,2840E-03
6.2840E-03
6.2840E-03
©.2840E-03
6.2840E-03
6.2B40E-03

6.2840E-03

12
22
32
42
52
62
72
82
92
102
112
iaz
132
142
152
162
172
182

192

203

6.2880E-03
6.2840&—03
6,.2840E-03
6.2846E~03
6.2840E-03
6.2840E-03
6.2840E-03
6.2B40E-03
6.2B840E-03
6.2B40E-03
2.5140E-02
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03

6.2B40E-03

204

6.2840E-03
6,2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-C3
6.2840E-03
6.2840E-03
6.2840E-03
6.2B40E-03
2.5140E~02
6,2840E=03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6,2840E-03
6.2B40E-03

6.2840E-03

D-4

6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
2.5140E-02
2.5140E-02
6.2840E-03
6.2840E-03
6,2B40E-03
6,2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03

6,.2840E-03

206

6.2840E-03
6.2840E-03
6,2B840E-03
6.2BA0E-03
6.2B40E-03
6.2B40E-03
6.2B40E-03
6.2B40E-03
6.2840E-03
2.5140E-02
6.2840E-03
6.28408-03
6.2840E-03
6.2B40E~03
6.2840E-03
6.2B40E~03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03

6.2840E-03

MoisCont. ALONG ROWS FOR LAYER
3 s 5 6
13 11 15 16
23 24 25 26
33 34 35 36
13 a1 15 16
53 54 55 56
63 64 65 66
73 74 75 76
83 84 85 86
93 94 95 96
103 104 105 106
113 114 115 116
123 124 125 126
133 138 135 136
143 111 115 16
153 154 185 156
163 164 165 166
173 174 175 176
183 184 185 186
193 194 196 196

207

6.2B40E-03
6.2B40E-03
6.2B40E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2880E-03
6.2840E-03
2,5140E-02
€.2840E-03
6.2880E-03
6.2B840E-03
6.2B40E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2B840E-03
6.2840E-03
6.2840E-03

6.2840E-03

208

6.2840E-03
6.2840E~03
6.2840E-03
6.2840E-02
6.2840E-03
6.2840E-02
6.2B40E-03
6.2840E-03
6.2840E-03
2.5130E-02
6.2840E-03
€.2B40E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-023
6.2840E-03
6.2840E-03
6.2840E-03
6.2B40E-03

6.2840E-03

209

6.2840E-03
6.2840E-03
6.2880E-03
6.2830E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2840E-03
6.2B40E-03
2.5140B-02
6,2840E-03
6.2840E-03
6.2840E-03

6.2840E-03

o

.2840E-03

-]

.2840E-03

o

.2B40E-03

[}

.2B40E-03

o

.2840E-03

o

.2B40E-03

[}

.28408-03

1 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

17
27
37
17
57
67
o
87
97
107
117
127
137
147
157
167
177
187

197

i8
28
38
48
58
68
78
88
9B
i08
118
128
138
148
158
les
178
188

198

19
29
39
49
59
69
79
89
99
109
119
129
139
149
15%
169
179
189

199



OUTPUT .txt
201 202 203 204 205 206 207 208 : 209
210
(f)“i“ 0.1350 0.1350 0.1350 0.1350 0.135%¢0 0.1350 0.1350 0.1350 0.1350
01380 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.135%0 0.1350
p-13%0 4.1350 0.13%0 0.1350 0,1350 0.1350 0.1350 0.1350 0.1350 0.1350
p-1350 0.1350 0.1350 0.135%0 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350
0130 0,1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350
p-13s0 0.1350 0.135¢ 0.1350 0.1350 0.1350 0.13%0 0.1350 0.1350 0.1350
01380 0.135%0 0.1350 0.1350 0.135¢0 0.1350 0.1350 0,1350 0.1350 0.1350
01390 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350
o130 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.135¢0
01350 0.1350 0.1350 0.1350 0.1350 0.1350 6.1350 0.1350 0.1350 0.1350
0-13%0 0.1350 0.1350 0.135%0 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350
01390 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350
01380 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.135¢0
-13%0 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0,1350 0.1350 0.1350
paase 0.1350 0.1350 0.135¢ 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350
Pane 0.1350 0.1350 0.135¢ 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350
01350 0.1350 0.1350 0.1350 0.1350 0.1350 0.13580 0.1350 6.1350 0.1350
01350 0,1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350
P13%0 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350
p.13%0 0.135¢0 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350
0-1360 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350 0.1350
0.135%0
0
Sat Mois. ALONG ROWS FOR LAYER 1 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 2 3 4 5 6 7 8 9
10
11 12 13 14 15 16 17 18 19
2 21 22 23 24 25 26 27 28 29
% 31 32 33 34 35 36 37 38 39
1 41 42 43 44 45 16 17 18 49
°° 51 52 53 54 5% 56 57 58 59
* 61 62 63 1] 65 66 €7 68 6%
7 71 72 73 74 75 76 17 78 79
°0 81 8z 93 -1 a5 1] 87 88 a9
* 91 92 93 94 95 ' 96 97 98 99
100
101 102 103 104 105 108 107 108 109
e 111 112 113 114 115 118 117 118 119
e 121 122 123 124 125 126 127 128 129
10 131 132 133 134 135 136 137 138 139
e 141 142 143 134 145 146 147 148 149
190 151 152 153 154 155 156 157 158 158
1ee 161 162 163 164 165 166 167 le8 16%
He 171 172 173 174: 175 176 177 178 179
e 181 182 183 184 185 186 187 188 189
10 191 192 193 194 195 196 197 198 199

200



0.
o,
0.
o,
0,
0.

0.

0.

0.
0.
0.
0.
0.

0.

o

10
20
30
10
50
60
70
80
90
10
11
12
13
14
15
16
17
18
19

20

3750
3750
3750
3750
3750
3750
3750
3750
3750
3750
3750
3750
3750

3750

L3750

L3750

.3750

L3750

.3750

0

0

0

0

[

0

0

0

0

0

0

201

0.3750
0.3750
0.3750
0.3750
0.3750
0.3750
0.3750
0.3750
0,3750
0.3750
0.3750
0.3750
0.3750
0.3750
0.3750
0,3750
0.3750
0.3750
2.3750
6.3750

0.3750

11
21

31

51
61
71
81
91
101
111
121
131
141
151
16l
171
i81

191

202

0.3750
0.3750
0.3750
0.3750
0.3750
0.3750
0.3750
0.3750
0.3750
0.3750
0.3750
0.3750
0.375¢0
0.3750
0.3750
0.3750
0.3750
0.3750
0.3750

0.3750

12
22
32
4z
52
62
72
82
92
102
112
122
132
142
152
162
172
182

192

D-6

OUTPUT txt

203 204 205 206 207 208 209
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.375%0 0.3750 0.3750 0.3750 0.3750 0.3750-
0.3750 0.3750 Q.37%0 0.375%0 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
Res Mois. ALONG ROWS FOR LAYER 1 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

3 1 5 6 7 8 9

13 11 15 16 17 18 19

23 24 25 26 27 28 29

33 3 35 36 a7 38 39

13 1 15 16 47 a8 a9

53 51 55 56 57 s8 59

63 64 &5 66 67 68 69

73 7 75 76 77 78 79

83 84 85 86 87 88 89

93 34 95 96 97 98 99

103 104 105 106 107 108 109
113 114 118 116 117 118 119
123 124 125 126 127 128 129
133 134 135 136 137 138 139
113 142 5 146 127 118 129
153 158 155 156 157 158 159
163 163 165 166 167 168 169
173 178 175 176 177 178 179
183 184 185 186 187 198 189
193 194 195 196 197 158 199



201

3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.C000E-02
3.00008-02
3.0000E~02
3.0000E-02
3.0000E-02
3.0000E-02
3,0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E~-02
3.,0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3,0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
0

10
11
20
21
30
31
40
41
50
51
60
61
70
71
B¢
81
90
91
100
101
110
111
120
121
130
131
140
141
150
151
160
161
170
m
180
181
1%0
191
200

202

3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E~02
3.0000E-02
3.0000E-02
3.0000E~02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3.0000E-02
3,.0000E-02
3.0000E-02
3.0000E-02

3.0000E~02

12
22
3z
LY
52
62
72
82
92
102
112
122
132
142
152
162
172
182

192

OUTPUT txt

203 204 205 206 207 208 209
3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3,0000E-02 3.0000E-02 3.00008-02
3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 2.0000E-02 3.0000E-02
3.0000E-02 3.0000E-02 3.0000E-02 3.00005-02 3.0000E-02 3.0000E-02 3.0000E-02
3.0000E-02 3.00008-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02
3,0000E_02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02
3.0000E-02 3.00005-02 3,0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3,0000E-02
3.0000E-02 3.0000E-62 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02
3.0000E-02 3.0000E-0Z 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02
3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02
4.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3,0000E-02
3.0000E-02 3.00D0E-02 3.0000E-02 3.0000E-02 3.D000E-02 3,0000E-02 3.0000E-02
3.0000E-02 3,0000E-02 3.0000E-02 3.0000E-02 3,0000E-02 3.0000E-02 3.0000E-02
3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02
3.0000E-02 3.0000E-02 3.00005-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02
3.00005-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02
3.0000E-02 3.0000E-02 3.0000E-02 3.00008-02 3.00G0E-02 3.0000E-02 3.0000E-02
3.0000E-02 3,0000E-02 3.0000E-02 3,0000E-02 3.0000E-02 3.0000E-02 3.00008-02
3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02
3.0000E-02 3.0000E-02 3.0000E-02 3,0000E-02 3.0000E-02 3.0000E-02 3.0000E-02
3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.00008-02
3.0000E-02 3.0000E-02 3.0000E-02 3.0000E-02 3.00006-02 3.0000E-02 3,0000E-02

F(lamda). ALONG ROWS FOR LAYER 1 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

3 4 5 6 7 8 9

13 12 15 16 17 18 19

23 24 25 26 27 28 29

13 31 35 36 37 38 39

13 1 45 16 47 18 19

53 54 55 56 57 58 59

63 64 65 66 67 68 69

73 71 75 76 77 78 79

83 84 85 86 87 88 89

93 94 95 96 97 98 99

103 108 105 106 107 108 109

113 114 115 116 117 118 119

123 124 125 126 127 128 129

133 134 138 136 137 138 139

143 141 145 116 117 118 119

153 154 155 156 157 158 159

163 164 165 166 167 168 169

173 174 175 176 177 178 179

" 183 188 185 186 187 188 189

193 192 155 196 197 198 199



OUTPUT txt
201 202 203 202 208 206 207 208 209
210
01 2730 2.730 2.730 2.730 2.730 2.730 2.730 2.730 2.730
BT s 2.730 2,730 2.730 2.730 2.730 2.730 2.730 2.730
2138 120 2.730 2.730 2.730 2.730 2.730 2.730 2.730 2.730
2130 10 2.730 2.730 2.730 2.730 2.730 2.730 2.230 2.730
2730 10 2.730 2.730 2.730 2.730 2.730 2.730 2.730 2.730
2B, 10 2.730 2.730 2.730 2.130 2.730 2.730 2.730 2.730
B0 30 2.730 2.730 2.730 2.730 2.730 2.730 2.730 2.730
2w 2.730 2.730 2.730 2.730 2.730 2.730 2.730 2.730
0 a0 2.730 2.730 2.730 2.730 " 2.730 2.730 2.7730 2.730
210 130 2.730 2.730 2.730 2.730 2.730 2.730 2.730 2.730
230 750 2.730 2.730 2.730 2.730 2.730 2.730 2.730 2.730
2T e 2.730 2.730 2.730 2.730 2.730 2.730 2.730 2.730
270 10 2.730 2.730 2.730 2.730 2.730 2.730 2.730 2.730
210 a0 2.730 2.730 2.730 2.730 2.730 2.730 2.730 2.730
270 0 2.730 2.730 2.730 2.730 2.730 2.730 2.730 2.730
0 2.730 2.730 2,730 . 2.730 2.730 2.730 2.730 2.730
BT s 2.730 2.730 2.730 2,730 2.730 2.730 2.730 2.730
210 0 2.730 2.730 2.730 2.730 2.730 2.730 2.730 2,730
2730 a0 2.730 2.730 2730 2,730 2.730 2.730 2,730 2.730
210 230 2.730 2.730 2.730 2.730 2.730 2.730 2.730 2.730
2T 250 2.730 2.730 2.730 2.730 2.730 2.730 2.730 2.730
2,730
0
Exp n . ALONG ROWS FOR LAYER 1 WILL BE READ ON UKIT 11 USING BLOCK FORMAT
1 2 3 N 5 6 1 8 5
10
11 12 13 14 15 16 17 18 19
@ 21 2 23 21 25 26 27 28 28
30 31 32 33 34 35 36 37 38 9
10 11 2 42 11 a5 16 47 18 19
> 51 52 53 51 55 56 57 58 59
* 61 62 63 61 65 66 67 68 69
" 7 72 73 78 7% 76 7 78 79
& 81 82 83 84 85 86 87 88 89
e 91 92 b3 94 95 % a7 98 99
100
101 102 103 104 105 106 107 108 109
He 111 112 113 111 118 116 117 118 119
120 121 122 123 121 125 126 127 128 129
1o 131 132 133 134 135 136 137 138 139
e 111 192 143 144 115 116 147 118 149
e 151 152 153 154 155 156 157 158 159
160 161 162 163 164 165 166 167 168 169
e 171 172 173 174 175 176 177 178 179
1:: 181 182 183 184 185 186 187 188 189
1

191 192 193 194 195 1986 187 198 199
200 !



OUTPUT .txt
201 202 203 208 205 206 207 208 209
210
01 o0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
053 sa73 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
053 sama 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
R 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
053 sam 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
0-5373  sam 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
0-3373  eama 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
0937 sams 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
08373 sams 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 - 0,5373
05T sars 0.5373 0.5373 0.5373 0.5373  0.5373 0.5373 0.5373 0.5373
08T sana 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
0-8373 1 sana 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
08T sans 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
05313 eams 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
05373 ears 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
OO sans 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
003 sams 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
05378 sans 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
P s 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
0-8373 | sara 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
05T eam 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373 0.5373
0.5373
0
TRANSMIS. ALONG ROWS FOR LAYER 1 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 2 3 5 5 6 7 8 s
10
11 12 13 18 15 16 17 18 19
20
21 22 23 24 25 26 21 28 29
¥ 31 32 33 3 35 36 37 8 39
*° 4l 12 13 11 15 16 47 18 49
* 51 52 53 54 55 56 57 58 59
o 61 62 63 64 65 66 &7 68 69
e 71 72 73 7 75 76 77 78 79
°0 81 82 83 84 85 86 87 88 89
* 91 92 93 9 95 %6 97 T 99
100
101 102 103 104 105 106 107 108 109
e 111 112 113 118 115 116 117 118 116
120 121 122 123 124 125 126 127 128 129
130 131 132 133 138 135 136 137 138 139
He 181 142 143 121 145 146 147 118 149
10 151 152 153 154 155 156 157 158 159
130 161 162 163 164 165 166 167 168 169
e 171 172 173 178 175 176 1 178 179
180 181 182 183 184 185 186 187 188 189
10 191 192 193 194 195 196 197 198 199

200



OUTPUT.txt
201 202 203 208 205 206 207 208 209
210
0 l. 9.576BE-04 9.5768E-04 9.5768E-04 9.5768E-04 9.576BE-04 9.576BE-04 9.5768E-04 9.5768E-04 9.5768E-04
9.5768E-04
9.5768E-04 9.5768E-04 9.5768E-04 9.5768E-04 9.576B8E-04 9.576BE-04 9_5768E-04 9.5768BE-04 9.5768E-04
9.5768E-04
9_5769E-D4 9.5768E-04 9.5768E-04 9.5768E-04 9.5768E-04 ©9.576BE-04 9.5768E-04 9.576BE-04 9.5768E-04
9.5768E-04 .
9.5768E-04 9$,5768E-04 9.5768E-04 9.5768E-04 9,5768E-04 9.5768E-04 9.5768E-04 9,576BE-04 9.5768E-04
9.5768E-04
9.5768E-04 9.5768E-04 9.576BE-04 9.5768E-04 9.5768E-04 ©.5768E-04 9.5768E-04 9.5768E-04 9.5768E-04
9.576BE-04
9.5768E-04 9.5768E-04 9.576BE-04 9.5768E-04 9.5768E-04 9.5768E-04 9.576BE-04 9.5768E-04 9.5768E-04
9,.5768E-04
9.9768E-04 9.5768E-04 9.57B8E-04 9.576BE-04 9.5768E-04 9.5768E-04 9.576BE-04 9,5768E~04 9.5768E-04
9,5768E-04
9.576BE-04 9.576BE-04 9.5768E-04 9.576BE-04 9.5768E-04 9.5768E-04 9.576BE-04 9.5768E~04 9.5768E-04
9.5768E-08
9.5768E-04 9.5768E-04 9.5768E-04 9.5768E-04 3.5768E-04 9.5768E-04 9.5768E-04 9.576BE-04 9.5768E-04
9.5768E-04
9.5768E-04 9.5768E-04 9.5768E-04 9.5768E-04 3.8313E-03 3.8313E-03 3.83138-03 3.8313E-02 3.8313E-03
3.8313E-03
3.8313E-03 3.B313E-03 3.8313E-03 3.8313E-03 3.8313E-03 9.5768E-04 9.5768E-04 9.5768E-04 9,5768E-04
9.5768E-04
9.5768E-04 O.5768E-04 9.576BE-04 ©9.5768E-04 9.576BE-04 9.5768E-04 9.5763E-04 2.576BE-04 9.5768E-04
9.5768E-04
9.5769E-04 9.5768E-04 95.576BE-04 9.5768E-014 9.5768E-04 9.5768E-04 $.5763E-04 9.576BE-04 9,.5768E-04
9.5768E-04
9.5768E-04 9.5768E-04 9,5768E-04 5.5768E-04 9.5768E-04 9.5768E-04 §.5768E-04 9.57G68E-04 9.5768E-04
9.5768E-04
9.5768E-04 §.576BE-04 9.5768E-04 9.5768E-04 G9.5763E-04 9.5768E-04 ©.5768E-04 9.5768E-04 9.5768E-04
9.%768E-04
9.576BE~-04 ©.5768E-04 9.5768E-04 9.576BE-04 9.5768E-04 9.5768E-04 0.576B5-04 9.576BE-04 9.5768E-04
9.5768E-04
9.576BE-04 9.5768E-04 9.576BE-04 9.576BE-04 9.5768E~-04 9.5768E-04 9.5768E-04 9.576BE-04 9.576BE-04
9.5768BE-04
9.5768E-04 9.5768E-04 9.5768E-04 9.5768E-04 9.576BE-04 9.5768E-04 9_5768E~04 9.576BE-04 9.5768BE-01
9.5768E-04
9,.5768E-04 9_5768E-04 9.576BE-04 5.5768E-04 9.5768E-04 9.576BE-04 9.5768E-04 9.5768E-04 9.5768E-04
9.5768E-04
9.5768E-04 ©.5768E-04 9.576BE-04 95.5768E-04 9.5768E-04 9.5768E-04 9.576BE-04 9.5768E-04 9.5768E-04
9,5768E-04
9.5768E-04 9.5768E-04 9.5768E-04 9,5768E-D4 9.5768E-04 9.5768E-04 $.5768E-04 9.576BE-04 9.5768E-04
%.5768E-04
0
SOLUTION BY PRECONDITIONED CONGUGATE GRADIERT
Q0 MAXIMUM ITERATIONS ALLOWED FOR CLOSURE = 50
HEAD CHANGE CRITERION FOR CLOSURE = 0.10000E-0Q2
MAXTIMUM ALLOWABLE RESIDUARL ERROR FOR CLOSURE = 0.00000E+00
1 STRESS PERIOD NO. 1, LENGTH = 18000.00
NUMBER OF TIME STEPS = 1
MULTIPLIER FOR DELT = 1.000
INITIAL TIME STEP SIZE = 18000.00
0 2 WELLS
LAYER ROW COL STRESS RATE WELL NO.
1 1 1 0.10000E-01 1
1 1 210 ~0.10000E-01 2
0
3 ITERATIONS FOR TIME STEP 1 IN STRESS PERIOD 1
OHEAD/DRAWDOWN PRINTOUT FLAG = 1 TOTAL BUDGET PRINTOUT FLAG = 0 CELL-BY-CELL FLOW TERM FLAG = 1
OOUTPUT FLAGS FOR ALL LAYERS ARE THE SAME:
HEAD DRAWDOWN HEAD DRAWDOWN
PRINTOUT PRINTOUT SAVE SAVE
1 0 1 0
1 HEAD IN LAYER 1 AT END OF TIME STEP 1 IN STRESS PERIOD 1
1 2 3 [} 5 [ 7 8 L] 10 11 12 13 114
1%
16 17 18 18 20 21 22 23 24 25 26 27 28 29
30
31 32 33 34 35 36 37 38 39 40 41 42 43 44
45
46 47 48 49 50 51 52 53 51 55 56 57 58 59
60
6l 62 63 68 65 66 67 68 89 0 71 72 73 T4
75
76 77 78 79 80 81 B2 B3 B4 85 86 87 88 89
90
91 92 93 94 95 96 97 98 99 100 101 102 103 104
105
106 107 108 109 110 , 111 112 113 114 115 116 117 118 119

120



D-11

OUTPUT txt

121 122 123 124 125 126 127 128 129 130 131 132- 133 134
1 136 137 138 139 140 141 142 143 144 145 146 147 148 149
e 151 152 153 154 155 1586 187 158 159 160 161 162 163 164
res 166 167 168 169 170 17 172 173 174 175 176 177 178 179
oo 181 182 183 181 185 186 187 188 189 190 191 192 183 194
e 196 197 198 159 200 201 202 203 204 205 206 207 208 209
210

g 1 109.75 109.20 108.66 10B.11 107.56 107.02 106.47 105.92 105.38 104.83 104.28 103.74 103.19 102.64

101.55 101.00 100.46 99.91 99.36 %8.81 $8.27 97.72 97.17 96.63 96.08 95.53 94.99 94.44

93.838
93.35 $2.80 92,25 91.71 91.1%6 90.861 90.07 89.52 88.97 88.43 g7.88 B87.33 86.79 86.24
85.6%
85.15 84.60 84.05 83.51 82.96 82.41 B1.87 81.32 80.77 B0.23 79.68 79.13 78.89% 78.04
77.49
76.95 76.40 75.8% 75.31 74.76 74.21 73.67 73.12 72.57 72.03 71.48 70.93 70.39 69.84
69.29
68.75 68.20 67.65% 67.11 66.56 66.01 65.47 64.92 64,37 63.83 63.28 62.73 62.19 61.64
61.09
60.55 60.00 59.45 58.91 58.56 58.43 58.29 58.15 58.02 57.88 57.74 57.61 57.47 57.33
57.20
56.86 56.31 55.76 55.22 54.67 54.12 53.58 53.03 52.48 51.94 51.39 50.84 50.30 49.75%
458,20
48.66 48.11 §7.586 47.02 16.47 45.92 45.38 44.83 44.28 43.74 43.19 42.614 42.10 41.55
41.00
40.46 35.91 39.36 38.82 38.27 37,72 37.18 36.63 36.08 35.54 34.99 34.44 33.90 33.35
32.80 . .
32.26 31.71 31.16 30.61 30.07 29.52 28.97 28.423 27.88 27.33 26.79 26.24 25.69 25.1%
24.60 )
24.05 23.51 22.96 2z.41 21.87 21.32 20.77 20.23 19.68 19.13 18.59 18.04 17.49 16.95
16.40
15.85 15.31 14.76 11.21 13.67 13.12 12.57 12.03 11.48 10.93 10.39 9.84 9.29 8.75
8.20
7.65 7.11 6.56 6.01 5.47 4.92 4.37 3.83 3.28 2.73 2.19 1.68 1.09 0.55
0.00
0
VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 1 IN STRESS PERIOD 1
0 CUMJULATIVE VOLUMES L¥+3 RATES FOR THIS TIME STEP
L4+3/T
IN: IN:
STORAGE = 0.00000 STORAGE = 0.00000
CONSTANT HEAD = 0.00000 CONSTANT HEAD = 0.00000
WELLS = 180.00 WELLS =
0.10000E-01
0 TOTAL IN = 180.00 TOTAL IN =
0.10000E~01
Q QuT: OUT:
STORAGE = 0.00000 STORAGE = 0.00000
CONSTANT HEAD = 180.60 CONSTANT HEAD =
0.10000E-01 .
WELLS = 0.00000 WELLS = 0.00000
0 : TOTAL OUT = 180.00 TOTAL OUT =
0.10000E-01
0 IN - OUT = 0.00000 - IN ~ QUT = 0.00000
0 PERCENT DISCREPANCY = 0.00 PERCENT DISCREPANCY =
0.00
0
TIME SUMMARY AT END OF TIME STEP 1 IN STRESS PERIOD 1
SECCONDS MINUTES HOURS DAYS YEARS
TIME STEP LENGTH 18000.0 300.000 5.00000 0.2083323 0.570386E-03
STRESS PERIOD TIME 18000.0 300.000 5.00000 0.208333 0.570386E-03
TOTAL SIMULATION TIME 18000.0 300.000 5.00000 0.208333 0.570386E-03

1



APPENDIX E. MT3D Output File Example: One-Dimensional
Laboratory Dye Experiment

This appendix contains the file OUTPUT. ¢k, the output from MT3D. The output file
echoes the input from MT3D (see Appendix C), and lists the concentration in each cell at user

specified times. Zheng (1990, pp. 6-8 — 6-13) describe the contents of the output file in detail.

References:

Zheng C., 1990. “MT3D: A Modular Three-Dimensional Transport Model for Simulation of
Advection, Dispersion and Chemical Reactions of Contaminants in Groundwater Systems.”
Report prepared for the U.S. EPA.

OUTPUT .ek



E-2
OUTPUT ek

e A e n At RS S S e B R L s T

+ +

+ MT3CD +
+ A Modular Three-Dimensional Transport Model +
+ For Simulation of Advection, Dispersion and Chemical Reactions +
+ of Contaminants in Groundwater Systems +
+ (V. 1.11) +
+ +
[ R e S s Fhtrtbbb bt + P R e e I L L L L eSS

| MT | 1D TEST PROBLEM - EK TEST

| 3 D | STRIP DYE EXPERIMENT

THE TRANSPORT MODEL CONSISTS OF 1 LAYER(S) 1 ROW(S) 210 COLUMN(S)

NUMBER OF STRESS PERIOD(S) IN SIMULATION = 1

UNIT FOR TIME IS SEC; UNIT FOR LENGTH IS M ; UNIT FOR MASS IS MOL
MAJOR TRANSPORT COMPONENTS TO BE SIMULATED:

1 ADVECTION

2 DISPERSION

3  SINK AND SOURCE MIXING

BIN1 -- BASIC TRANSPORT PACKAGE, VER 1.0, AUGUST 1990, INPUT READ FROM UNIT 1
2522 ELEMENTS OF THE X ARRAY USED BY THE BTN PACKAGE
211 ELEMENTS OF THE IX ARRAY USED BY THE BTN PACKAGE

ADV1 -- ADVECTION PACKAGE, VER 1.0, AUGUST 1990, INPUT READ FROM UNIT 2
ADVECTION IS SOLVED WITH THE UPSTREAM FINITE DIFFERENCE SCHEME
COURANT NUMBER ALLOWED IN SOLVING THE ADVECTION TERM = 0.500E-01
MAXIMUM NUMBER OF MOVING PARTICLES ALLOWED = 5100

0 ELEMENTS OF THE X ARRAY USED BY THE ADV PACKAGE

0 ELEMENTS OF THE IX ARRAY USED BY THE ADV PACKAGE

DSP1l -- DISPERSION PACKAGE, VER 1.0, AUGUST 1950, INPUT READ FROM UNIT 3
123 ELEMENTS OF THE X ARRAY USED BY THE DSP PACKAGE
0 ELEMENTS OF THE IX ARRAY USED BY THE DSP PACKAGE

SSM1 -- SINK & SOURCE MIXING PACKAGE, VER 1.0, AUGUST 1990, INPUT READ FROM UNIT 4
MAJCR STRESS COMPONENTS PRESENT IN THE FLOW MODEL:
1 WELL
MAXTIMUM NUMBER OF POINT SINKS/SOURCES = 2
12 ELEMENTS OF THE X ARRAY USED BY THE SSM PACKAGE
0 ELEMENTS OF THE IX ARRAY BY THE SSM PACKAGE

2958 ELEMENTS OF THE X ARRAY USED OUT OF 700000
212 ELEMENTS OF THE IX ARRAY USED OUT OF 70000

LAYER NUMBER AQUIFER TYPE

1 0
WIDTH ALONG ROWS (DELR)
WIDTH ALONG COLS (DELC)

0.10000C0E-02
0,1910000E-01

TOP ELEV. OF 1ST LAYER 0.0000000
CELL THICKNESS (DZ) 0.1524000 FOR LAYER 1
EFFECTIVE POROSITY = 0.1350000 FOR LAYER 1

CONCN. BOUNDARY ARRAY FOR LAYER 1 READ ON UNIT 1 USING BLOCK FORMAT

1 2 3 L] Ll 6 ? a 9 10 11 1z 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

29 30

31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 8 49 50 51 52 53 54 55 56 57 58
59 60

61 62 63 64 65 66 67 68 69 70 7L 72 73 7475 6 77T 78 °79 g0 81 82 83 84 85 86 87 88
8% 90

91 92 93 64 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 1131 112 113 114 115 116 117 118
e 12221 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148
e 15351 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
e 18281 182 183 184 185 186 187 188 189 190 161 192 193 194 195 196 197 158 199 200 201 202 203 204 205 206 207 208

' ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
' ' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
: ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1



E-3
OUTPUT.ek

INITIAL CONCENTRATION FOR LAYER 1 READ ON UNIT 1 USING BLOCK FORMAT

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 16 17 18 1% 20 21 22 23 24 Z5 26 27 28 29
3 31 3z 33 33 3% 36 37 a8 39 10 41 a2 13 14
+ 48 47 48 49 50 51 52 53 54 55 56 57 58 59
* 61 62 63 64 65 66 67 68 69 70 71 12 73 74
” 6 77 78 79 80 81 82 83 - 84 8% 86 87 88 89
?0 91 92 93 91 95 96 97 98 99 100 101 102 103 104
1 106 107 108 109 110 111 112 113 114 11% 116 117 118 119
120 121 122 123 124 125 126 127 iz28 129 130 131 132 133 134
18 136 137 138 139 140 141 142 143 111 145 146 147 148 149
e 151 152 153 154 155 156 157 158 159 160 16l 162 163 164
res 166 167 168 169 170 17 172 173 174 175 176 177 178 179
180 181 182 183 184 185 186 187 188 189 1%¢ 191 192 193 194
1o 1%6 197 198 19% 200 201 202 203 204 205 206 207 208 209
210
..-i ..... 6.00 0.00 0.00 0.00 a.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
e-00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00
e-00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
600 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
000 0.00 0,00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 D.00 0,00 0.00 0.00 0.00
0-00 0.00 0.00 0.00 .00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00
20-90 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Q.00 0.00 0.00 0.00 0.00 0.00
000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 ¢.00 0.00
0-00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Q.00 0.00 0.00 0.00
e-00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 6.00 0.00 0.00 0.00
e-0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ¢.00 0,00 0.00 0.00 0.00 0.00 0.00
0-00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 G.00 .00 0.00 0.00 0.00 0.00 0.00
Z-ZU 0.00 0.00 0.00 0.00 Q.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

.00

VALUE INDICATING INACTIVE CONCENTRATION CELLS = -999.0000

OUTPUT CONTROL OPTIONS

PRINT CELL, CONCENTRATION USING FORMAT CODE: 9

PRINT PARTICLE NUMBER IN EACH CELL USING FORMAT CODE: 8
PRINT RETARDATION FACTOR USING FORMAT CODE: 8

PRINT DISPERSION COEFFICIENT USING FORMAT CODE: B

SAVE CONCENTRATION IN UNFORMATTED FILE [MT3D.UCN) ON UNIT 18

NUMBER OF TIMES AT WHICH SIMULATION RESULTS ARE SAVED = 3
TOTAL ELAPSED TIMES AT WHICH SIMULATION RESULTS ARE SAVED:
3600.0 10800. 18000.
NUMBER OF OBSERVATION POINTS = 0
A ONE-LINE SUMMRY OF MASS BALANCE FOR EACH STEP SAVED IN FILE [MT3D.MAS] ON UNIT 19
MAXIMUM LENGTH ALONG THE X (J) AXIS = 0.2100002

MAXIMUM LENGTH ALONG THE Y (1) AXIS 0,1910000E-01
MAXIMUM LENGTH ALONG THE Z (K) AXIS 0.1524000

ADVECTION SOLUTION OPTIONS

DISPERSION PARAMETERS
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OUTPUT ek
LONG. DISPERSIVITY (AL) = 0.0000000 FOR LAYER 1
H. TRANS./ILONG. DISP. = 0.0000000
V. TRANS,./LONG. DISP. = 0.0000000

DIFFUSION COEFFICIENT 0.3650000E-09

T S A AR A o S L A R R )
STRESS PERIOD NO. 001
S R Sa s B o e R L RS S SR L b At

LENGTH OF CURRENT STRESS PERIOD = 18000.00
NUMBER OF TIME STEPS FOR CURRENT STRESS PERIOD = 1
TIME STEP MULTIPLIER = 1.000000
USER-SPECIFIED TRANSPORT STEPSIZE =  3.000000 SEC
MAXIMUM NUMBER OF TRANSPORT STEPS ALLOWED 1IN ONE TIME STEP = 50000
NO LAYER ROW  COLUMN CONCENTRATION TYPE
1 b 1 0.0000000 WELL
TIME STEP NO. 001
FROM TIME = 0.00000 T 18000.
“"HEAD w FLOW TERMS FOR TIME STEP 1, STRESS PERIOD 1 READ UNFORMATTED ON UNIT 10
LAYER 1
1 2 3 1 5 6 7 B 9 10
11
12 13 14 15 16 17 18 19 20 21
22
23 24 25 26 27 28 29 30 31 32
33 .
34 35 36 37 38 39 40 11 L ¥ 43
44
45 46 17 48 49 50 51 52 53 54
55
56 57 S8 59 60 61 62 63 B4 65
66
67 1} 69 70 11 72 73 74 5 76
77
78 79 80 81 82 83 g4 85 86 87
88
89 90 91 32 93 94 95 96 97 98
89
1co0 101 102z i03 104 105 106 107 108 109
110
111 112 113 114 118 116 117 118 119 120
121
122 i23 124 125 126 127 128 129 130 131
132
133 134 135 136 137 138 13% 140 111 142
143
144 145 146 147 148 149 150 151 152 153
154
185 156 157 158 159 160 161 162 163 164
165
lée 167 168 169 170 1 172 173 174 175
176
177 178 179 . 180 181 182 183 184 185 186
187
188 189 1%0 191 192 193 194 199 196 197
198
199 200 201 202 203 204 205 208 207 208
209
210

92.3

86.2

BO.2

74.2

68.2

62.2

8.0

110.
104.
97.7
91.7
85.7
79.7
73.7
67.7

61.6

109.

103.
97.2
91.2
85.1
79.1
73.1
67.1

61.1

109.
103.
96.6
50.6
84.6
78.8
7z.6
66.6

60.5

108. 108. 107 106. 1086. 105. 105.
102. 102. 101. 100. 99.9 99.4 98.8
96.1 95.5 95.0 94.4 93.9 93.3 92.8
90.1 89.5 89.0 88.4 87.9 87.3 BG.8
B4.1 83.5 83.0 82.4 Bl.9 81.3 80.8
78.0 77.5 76.9 76.4 15.9 75.3 4.8
72.0 ' 71.5 70.9 70.4 69.8 69.3 68.7
66.0 65.5 e4.9 64.4 63.8 63.3 62.7
60.0 59.5 58.9 58.6 58.4 58.3 58.2



57.9
54.7
54.1
48.7
48.1
22.6
42.1
3€.6
36.1
30.6
30.1
21.6
24.1
18.6
1i8.0
12.6
12.0
6.56
6,01
0.547
0,000
1
11
12
22
23
33
34
a4
45
55
17
66
67
77
78
88
89
99
100
110
111
121
122
i3z
133
143
144
154
185
185
166
1786
177
187
188
198
199
209
210

1 -6.83%E-10
6.839E-10
~6.839E-10
6.839E-10
-6.839E-10
6.839E-10
-6.839E-10
6.839E-10
-6.839E-10
6.83%E-10
-6.839E-10
6.B839E-10
-6,839E-10
6.B839E-10
-6.839E-10
6.839E-10
-6.839E-10
1.022E-10
-1.022E-10
6.839E-10
-6.839E-10
6.839E-10
-6.839E-10
6,839E-10
-6,839E-10
6.839E-10

E-5

OUTPUT.ck
57.7 57.6 S7.5 57.3 57.2 56.9 56.3 55.8 55.2
53.6 53.0 52.5 51.9 51.4 50.8 50.3 49.7 49.2
47.6 47.0 46.5 45.9 45.4 41.8 4.3 13.7 §43.2
41.5 41.0 40.5 39.9 39.14 38.8 38.3 37.7 37.2
35.5 35.0 34.1 33.9 33.3 3z.8B 32.3 31.7 31.2
29.5 29.0 B 28.14 27.9 27.3 26.8 26.2 25.7 25.1
23.5 23.0 22.4 21.9 21.3 20.8 20.2 19.7 16.1
17.5 16.9 16.4 15.9 15.3 14.8 14.2 13.7 13.1
11.5 10.9 10.4 9.84 9.29 8.75 8.20 7.65 7.11
5.47 1.92 4.37 3.83 3.28 2.73 2.19 1.64 1.09
"QEX " FLOW TERMS FOR TIME STEP 1, STRESS PERICD 1 READ UNFORMATTED ON UNIT 10
LAYER 1
2 3 1 ) ) 7 8 9 io0
13 12 15 16 17 18 19 20 21
24 25 26 27 28 29 30 31 32
35 36 37 38 as 30 41 42 43
16 47 48 49 50 51 52 53 54
57 58 59 60 61 62 63 64 65
(1] 69 70 71 72 73 74 75 76
79 80 81 8z 83 B4 85 86 87
30 91 92 93 99 95 9% 97 98
101 102 103 104 105 106 107 108 109
112 113 114 115 116 117 118 119 120
123 124 12% 126 127 128 12% 130 131
134 135 136 137 138 139 140 141 142
145 1i6 147 148 149 150 151 152 153
1586 157 158 159 160 161 162 163 led
187 168 169 170 171 172 173 174 175
178 179 1890 181 182 183 184 185 186
189 150 191 192 193 194 195 196 197
200 201 202 203 204 208 206 207 200
~6.839E-10 -6.839E-10 -6.839E~10 -6.839E-10 -6.83%E-10 -6.839E-10 -6.83%E-10 -6.B3%9E-10 -6.839E-10
—6,8395—10 ~-6.839E-10 -6.839E-10 -6.839E-10 —6_8395;10 -6.8358-10 -6.839E-10 -6.839E-10 -6.B3%9E-10
~6.839E-10 -6.839E-10 -6.839E-10 ~6.839E-10 -6.839E-10 ~6.939E-10 -6.83%E-10 ~6,839E-10 -6.839E-10
~6.839E-10 ~6.B39E-10 -6.839E-10 -6.839%9E-10 -6.83%E-10 -6.839E-10 ~6.839E-10 ~-6.839E-10 -6.B39E-10
-6.8398-10 -6.839E-10 -6,.839E-10 -6.B3%E~10 -6.839E-10 -6.835E~10 -6.839E-10 -6.83%9E-10 -6.839E-10
-6.839E-10 -6.839E-10 -6.839E-10 -6,8398-10 -6,839E-10 -6.839E-10 -6.839E-10 -6.839E~10 -6.839E-10
-6.839E-10 ~6.839E-10 -6.839E-10 -6.839E-10 -6.839E-10 -6.839E-10 -6.839E-10 -6.839E-10 -6.839E-10
-6.839E-10 -6.839E-10 -6.839E-10 -6.839E-10 -6.839E~10 -6.83%E-10 -6.83%E-10 -£.839E-10 -6.83%E-1¢
~6.839E-10 -6.839E-10 -6,839E-10 -6.839E~10 -4.274E-10 -1.022E-10 ~1.022E-10 -1.022E-10 ~1,022E-10
-1.022E-10 -1.022E-10 -1.022E-10 -1.022E-10 -2.556E-10 -6.839E-10 -6.83%E-10 -6.B3I9E-10 -6.B39E-10
—6.839E-10 -6,83%E-10 -6.839E~10 -6.839E-~10 -6.839E-10 -6.839E-10 -6.839E-10 -6.B39E-10 -6.B39%E~10
—6.839E-10 -6.B3%E-10 -6.839E-10 -6.B39E-10 -6,839E-10 -6.839E-10 -6.839E-10 -6.839E~10 -6.839E-10
-6.B39E-10 -6.B39E-10 w6.8395110 ~6.B839E-10 -6.839E-10 -6.839E-10 -6.839E-10 -6.839E-10 -6.839E-10



E-6

OUTPUT .ek
-6,839E~-10 -6,B39E-10 -6.839E-10 ~6.839E-10 ~6.839E-10 -6.839E-10 -6.839E-10 -6.839E-10 —6.939#—10 ~6.839E-10 ~
G.SEQE:E?BBQE-ID -6.B39E-10 -6.839E-10 -6.839E-10 -6.835%E-10 -6.83%E-10 -6.839E-10 -6.639E-10 -6.83%9E-10 -6.83%9E-10 -
6-839E:é?8395—10 -6.839E-10 -6.B839E-10 -6.839E-10 -6.839E-10 -6.839E-10 _6.839E-10 -6.839E-10 -6.839E-10 -6.839E~10 -
6.839Eié?839E~10 _6.839E-10 -6.839E-10 -6.839E-10 -6.839E-10 -6.839E-10 ~6.83%E-10 -6.839E-10 -6.839E-10 -6,839E-10 -
67839E:é?8398—10 -5.839E-10 -6.839E-10 -6.839E-10 -6.B3%9E-10 -6.B35E-10 -6.839E-10 -6.839E-10 -6.83%E-10 -6.839%9E~10 -
6‘8395:2?839E~10 -6.839E-10 -6.83%9E-10 -6.83%9E-10 ~6.839E-10 -6.839E-10 _6.839E-10 -6.839E-10 ~6.839E-10 -6.839E-10 -
6.B39E-10
0.0040
MAXTMUM STEPSIZE DURING WHICHK ANY PARTICLE CANNOT MOVE MORE THAN ONE CELL
= 574.6 (WHEN MIN. R.F.=1) AT K= 1, I= 1, J= 209
"CNH " FLOW TERMS FOR TIME STEP 1, STRESS PERIOD 1 READ UNFORMATTED ON UNIT 10
LAYER 1 ROW 1 COLUMN 210 RATE 0.68392595-;;___ T
"WEL % FLOW TERMS FOR TIME STEP 1, STRESS PERIOD 1 READ UNFORMATTED ON UNIT 10
LAYER 1 ROW 1 COLUMN ;_ RATE -0,117438BE-10 B
LAYER i ROW 1 COLUMN 210 RATE 0.0000000
TOTAL NUMBER OF POINT SOURCES/SINKS PRESENT IN THE FLOW MODEL = 2
MAXTMUM STEPSIZE WHICH MEETS STABILITY CRITERION OF THE SINK & SOURCE TERM
= 574.6 (WHEN MIN, R.F.=1) AT K= 1, I= 1, J= 210
MAXTIMUM STEPSIZE WHICH MEETS STABILITY CRITERION OF THE DISPERSION TERM
= 1370. (WHEN MIN. R.F.=1) AT K= 1, I= 1, J= 1
DISP. COEFF. DXX IN LAYER 1 FOR TIME STEP 1, STRESS PERIOD 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1% 16 17 18 19
2 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 K1) 39
10 41 42 13 41 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59
o 61 62 63 1] 65 66 &7 o8 69 70 71 72 73 78 75 76 77 78 79
5 81 82 83 84 a5 BE 87 88 89 a0 91 92 93 94 95 96 97 .98 99
1o 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119
120 121 122 123 124 125 1286 127 128 129 130 131 132 133 134 135 136 137 138 139
e 141 142 153 144 145 146 147 148 149 150 151 152 1583 154 155 156 157 168 159
1e0 161 162 163 164 165 166 167 168 169 170 171 172 173 174 17% 176 177 178 179
1o 181 182 183 1814 185 186 187 188 189 19¢ 191 192 193 194 19% 196 197 198 199
200 201 202 203 204 205 206 207 208 209 210
-i'..~6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
e 0.0 g.0 0.0 0.0 0.0 0.0 0.0 D.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0.0 c.0 0.9 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 ¢.0 0.0 c.o 0.0
0-0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0
e 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
°-0 0.0 0.0 0.0 0.0 [VN] 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 a.0 0.0 0.0 0.0 0.0 0.0
09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
°-0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0
0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.o@ 0.0 0.0
0- 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 a.0 0.0 4.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0
o 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0
B TRANSPORT STEP No. 1200
TOTAL ELAPSED TIME SINCE BEGINNING OF SIMULATION = 3600.000 SEC
CONCENTRATIONS IN LAYER 1 AT END OF TRANSPORT STEP 1200, TIME STEP 1, STRESS PERIOD 1




20

40

60

30

120

140

160

180

200

21
11
61
81
101
121
141
16l

181

22
12
62
82
102
122
142
182
182

202

23

43

63

83

103

123

143

163

183

203

24

414

el

81

104

124

144

164

184

204

25
45
65
85
105
125
135
165
185

205

26 27

ié 47
66 &7
8¢ a7
106 107
126 127
146 147
166 167
186 187

206 207

13 14 15 16 17

33 34 35 37

53 54 55 56 57

73 74 75 76 7

93 91 95 96 97

113 118 115 116 117

133 138 135 136 137

153 158 156 157

173 175 176 177

193 195 196 197

'18
38
58
78
98

118
138
158
178

158

19
38
59
79
99
119
139
159
179

199

TOTAL ELAPSED TIME SINCE BEGINNING OF SIMULATION

0.24
18.42

0.45
16.48
0.00
0.00

0.00

0.00

CUMMULATIVE MASS BUDGETS AT END OF TRANSPORT STEP 1200, TIME STEP 1,

0.00
0.79
13.37

0.00

0.00

0,00

1.29

9.50

o0.co

D.0D

0.00

0.00

0.00

0.00

OUTPUT ek

8 9 10 11 12
28 29 30 31 32
i8 49 50 51 52

68 €9 70 71 72

88 89 90 91 92
108 109 110 111 112
128 129 130 131 132
148 149 150 151 152
168 169 170 171 172
188 188 1%0 191 192
208 209 210
0D.00 0.00 D.00 0.00 0.00
0.00 0.00 0.00 0©.00 ¢.00
D.00 0.00 0.00 0.00 ¢.00
0,00 0,00 0.00 0.00 0.00
3.60 4.35 4.89 5.12 5.08
0.11 0.02 0,00 0.00 0,00
0.00 0.00 0.00 0.00 0.00
2.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.

0.00 9.00

0.00 0.00 0,00

6.23 14.65 18.27

STRESS PERIOD

19.52

0.00

CONSTANT CONCENTRATION:
CONSTANT HEAD:

WELLS:
MASS STORAGE (SOLUTE}:

0.0000000
0.0000000
0.0000000
0.1905340E-04

0.0000000

0.0000000

0.0000000
-0.1905343E-04

[TOTAL] :

DISCREPANCY (PERCENT):

0.1905340E-04 MOL

NET (IN - OUT):

-0.
-0,

~0.1905344E-04 MOL

4547474E-10
2386696E-03

TRANSPORT STEP NO. 3600

10800.00

20
40
60
80
100
120
140
160
180

200

21

41

61

81

101

121

141

161

181

201

22

[ ¥4

62

82

102

122

142

162

il82

202

IN LAYER 1 AT END OF TRANSPORT STEP 3600, TIME STEPF 1, STRESS PERIOD 1

CONCENTRATIONS

3 4 5 6 7 8 s 10 11 12 13 14 15 16 17 18
23 24 25 26 27 28 29 30 3l 32. 33 3 35 36 37 38
43 44 45 46 47 48 4% S0 51 82 53 54 &5 56 57 58
63 6 6 66 &7 68 6 70 71 72 73 M 715 76 17 78
83 84 BS 86 87 8B 89 90 91 92 93 91 95 96 97 98
163 104 108 106 107 108 109 j10 111 112 113 114 115 116 117 118
123 124 125 126 127 126 129 130 131 132 133 133 135 136 137 138
143 144 145 146 147 148 149 150 151 152 153 154 185 156 157 158
163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178
183 184 185 186 187 188 189 180 191 192 193 194 195 196 197 198
203 206 205 206 207 208 209 210
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OUTPUT .ek

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0l 0.01

0-02 0.03 0.05 0.08 0.13 0.19 0.28 0.41 0.57 0.78 1.04 1.34 1.69 2.06 2.46 2.85 3.22 3.%5 3.82 4.03
118 4.22 4.22 4.18 4.11 4.01 3.91 3.81 3.72 3.64 3.57 3.50 3.44 3,39 3.3%9 4.77 11.74 15.34 16.81 16.88
e 14.44 12.39% 10.06 7.66 5.41 2.14 0.3% 0.07 ¢.01 0.00 0.00 ©0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.0 0.00 0.00 ©0.00 0.00 ©.00 0.00 0.0 0.00 ©0.00 ©0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O0.00
e-00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0€.00 0.00 0.00 0.060 0.00 0.00 0.00 0.00 0.00 0,00 ©.00 0.00
¢-00 0.00 0.00 0.00 90.00 0.00 0.00 0.00 0.00 0.00 0.00 ©.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
°-00 ¢.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ¢.00 0.00 0.00 0.00 0.00 0.00 0.00 0©.00 0.00
0-00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CUMMULATIVE MASS BUDGETS AT END OF TRANSPORT STEP 3600, TIME STEP 1, STRESS PERICD 1
IN CUT
CONSTANT CONCENTRATION:, 0.0000000 0.0000000
CONSTANT HEAD: 0.0000000 0.0000000
WELLS: 0.0000000 ~0.2132579E-38
MASS STORAGE (SOLUTE}: 0.4160350E-04 -0.4160343E-04
[TOTAL] : 0.4160350E-04 MOL -0.4160343E-04 MO;
NET (IN - OUT): 0.6548362E-10
DISCREPANCY (PERCENT): 0,1573994E-03
- TRANSPORT STEP NO. 6000
TOTAL ELAPSED TIME SINCE BEGINNING OF SIMULATION = 18000,00 SEC
CONCENTRATIONS IN LAYER 1 AT END OF TRANSPORT STEP 6000, TIME STEP 1, STRESS PERIOD 1

1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15 16 17 18 19
2 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
0 41 42 43 44 45 46 47 48 19 50 51 52 53 54 %5 Sé 57 S8 58
& 61 62 €3 64 65 66 67 68 69 70 71 72 73 74 75 6 77 8 79
o 81 82 83 84 85 86 87 g8 89 90 91 92 93 94 95 96 97 98 99
e 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119
Lz 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139
1o 141 142 143 114 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159
160 161 182 163 16? 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179
::: 181 182 183 184 185 186 187 188 189 1%0 191 152 193 194 195 196 197 198 199

201 202 203 204 205 206 207 208 209 210

¢.00 0.00 0.00 0.00 0.00 0.00 0,00 0,00 0,00 0.00 0.00 90.00 0.00 €.00 0.00 0.00 0.00 0.00 0.00

0.0 ¢.01 o0.01 0,02 0,02 0,04 0,05 0.08 0.11 0,15 0.21 0.28 0.38 0.42 0.63 0.80 ©£.99 1.21 1.45 1.71
Heo8 2.26 2.5¢ 2.81 3.97 3.29 3.49 3.65 3,77 3.85 3.90 3.92 3.91 3.88 3.83 3.77 3.71 3.64 3.58 3.51
34 3.39 3.33 2.28 3.23 3.18 3.13 3.0B 3.03 2.98 2.93 2.88 2.83 2.78 2.72 3.87 9.45 12.16 13.00 12.63
st 9.95 8.19 6.41 2.75 3.29 1.2% 0.23 0.04 0.01 0.00 0.00 0.00 ©.00 0.00 06.00 0.00 0.00 0.00 0.00
000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.006 0.00 0.00 0.00 0€.00 0.00 0.00 0.00 ©0.00 0.00 0.00
0.00 6.00 0.00 0.00 ©0.00 0,00 0.00 0.00 0.C0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
:.:: 0.00 0.00 0.00 ¢.00 0.00 0.00 0.00 ©0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.060 0.00 0.060 0.00 0.00
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OUTPUT ¢k
0.00 0.00 0,00 0.00 ¢.00 0.00 0.00 0.00 0.00 0.00
CUMMULATIVE MASS BUDGETS AT END OF TRANSPORT STEP 6000, TIME STEP 1, STRESS PERICD
IN ouT
CONSTANT CONCENTRATION: 0.0000000 0.0000000
CONSTANT HEAD: 0.0000000 0.0000000
WELLS: 0.0000000 ~-0.6519727E-24
MASS STORAGE (SOLUTE): 0.6160047E-04 -0.6160032E-04
{TOTAL): 0.6160047E-04 MOL -0.6160032E-04 MOL

NET

(IN - OUT):

DISCREPANCY (PERCENT):

0.1455192E-09
0.2362309E-03



APPENDIX F. Experimental Electrode Control System

The field demonstration was housed in two main buildings, the Electrokinetics (EK)
Control Trailer and the Greenhouse (FIG F-1). The Control Trailer was located immediately
outside the Chemical Waste Landfill boundary fence and housed the electrode operation control
panels (FIG F-2), the data logging system, and other data analysis equipment. The Greenhouse
was located on the Chemical Waste Landfill and protected the on-site equipment, electrodes,
secondary containment, and personnel from the weather as well as provided an operational
exclusion zone while the electrodes were energized. The two buildings were approximately 23 m
(75 ft) apart and were connected by four, 7.6~m (3-in) electrical conduits that provided

protection for the numerous signal and control cables.

For the EK remediation system described in this appendix, a portion of the electrode
casing functioned as a suction lysimeter, and an clectrode was placed inside the lysimeter. A
suction lysimeter is a device which uscs a porous material that exhibits a high bubbling pressure
(the pressure at which air will pass through a material when submersed in water) to extract pore
water samples from the unsaturated zone. To collect a pore water sample, a vacuum is applied to
the inside of the lysimeter. Depending on the magnitude of the applied vacuum and the tension in
the unsaturated zone around fhe lysimeter, the direction of the pressure gradient across the porous
material will either cause water to flow into or out of the lysimeter. Therefore, suction lysimeters
offer a technique to control the addition and extraction of water in the unsaturated zone. By the
application of a vacuum to the lysimeter, water can be added to the soil, but saturated conditions

can never develop.



A 1.8-m (6-ft) portion of the electrode casing was constructed of porous ceramic that
acted as the lysimeter. The upper portion of the electrode was constructed of an impermeable,
non-conducting PVC material. The fluid between the electrode and the ceramic casing was
continuously re-circulated to remove contaminants that entered the clectrode, to clear the
electrode of gas bubbles formed by water electrolysis, and to mitigate hydrolysis reactions. The

solution extracted from the electrode lysimeter could be treated at the ground surface.

All electrode casings were constructed in a similar manner. The portion of the casing that
allowed the transfer of current and water was constructed of porous ceramic. This porous-
ceramic section of the electrode was constructed from two, 0.9-m (3-f) tube sections. The porous
ceramic was positioned between 2.4 and 4.3 m (8 and 14 ft) below land surface (BLS). The
remainder of the electrode casing was made of 7.6-cm (3-in) schedule 40 PVC pipe and fittings.
The ceramic was connected to the PVC fittings by grinding the interior surface of the PVC fitting
with a drum sander and gluing the ceramic to the reamed PVC fitting using 3M® 2216 epoxy

adhesive.

Dpe to the high negative zeta potential on the ceramic surface and the direction of the
voltage gradient, the surfaces of the ceramic in the anodes were treated to prevent movement of
water out of the anodes by electroosmosis. By treating the ceramic with a surfactant material to
alter the charge on the ceramic surface, electroosmosis can be significantly decreased. The
ceramic was first acid washed with a 0.1 molar HCI solution until the pH of the effluent equaled
that of the influent. At this time, it was assumed that all of the surface sites were loaded with
hydrogen ions. A deionized water rinse was used to remove the excess acid from the ceramic
pores. Finally, a 0.01 molar hexadecyltﬁmethylammonium (HDTMA) hydroxide solution was

purged through the ceramic. The reagtion of the HDTMA-OH with the hydrogen ions on the
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ceramic surface replaced the hydrogen ions with HDTMA molecules. The HDTMA likely
formed a double layer on the surface of the ceramic reversing the effective charge from negative
to positive on the ceramic surface. The ceramic material for the cathode electrode casings was

not treated.

F-1.1 Vacuum Control System

To retain water in the porous-ceramic electrode casing, a vacuum was applied to the air
head space within the EK electrode (FIG F-3). This vacuum system also allowed an air-purge
system to be incorporated into the electrode design to prevent explosive conditions from
developing in the head space. Each electrode type (anode or cathode) had a separate vacuum
system to prevent mixing of the hydrogen and oxygen gases.

The transfer of current from an electrode to an electrolytic fluid involves the oxidation or
reduction of the fluid or an ion within the fluid. If water is the oxidized/reduced species, then the

reduction reaction at the cathode is:

4H,0 +4e- > 40H  +2H, 7T (F.1)

Similarly, the oxidation reaction at the anode is:

2H,0 —4e” > 4H" + 0,1 (F.2)

An air stream was allowed to enter through the cathodes to prevent hydrogen levels from
reaching explosive limits. The lower explosive limit of hydrogen gas is 4% (CRC, 1970).

Assuming that 15 amps is the maximum current each cathode could transfer (set by the power
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supplies and the in-line fuse) and that all of the current transferred between the electrode. and the
electrolytic fluid produced hydrogen via Equation F.1, the amount of air purge needed to maintain

hydrogen levels at the lower explosive limit could be calculated.
Fifteen amps will transfer 9.3 mmol of charge per min as illustrated in Equation F.3.

1M M
15481 Oy orme 605 o TU cheme (F.3)

Ad-s 96500C min ~~ min

Since each mole of charge produces 0.5 moles of hydrogen gas (Equation F.1), 4.65 mmoles of

H, will be produced per minute.

The volume rate of hydrogen gas production can be calculated via the Ideal Gas Law.
Assuming atmospheric conditions at Albuquerque (0.85 atm), 0.13 liters of hydrogen gas is

produced each minute by the application of 15 amps (Equation F.4).

3
mM,, 8206cm’*atm 293K L F4)

Ry, =405 i ™ oK O83am ~ > min

where RH2 = rate of hydrogen gas generation (L/min).

Finally, the rate of air purge need to maintain hydrogen gas at the lower explosive limit is

3.3 L/min as calculated below.

L L
R, =0 : =33—*= F.5
ar =013 min - 004 min )
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where R,;= rate of air purge required (L/min).

The purge alarm rates were set at 3.5 L/min, and the actual purge rate was maintained at
approximately 8 L/min to ensure the hydrogen gas concentrations were maintained well below
the explosive limit. Air was also purged through each cathode at a rate of 2 L/min to dilute the

oxygen gas produced at that electrode.

A 10 HP Quincy® Model 370 air compressor provided compressed air to operate a series

of PIAB™ vacuum ejector pumps. The compressed air was driven through a series of venturies
within the vacuum pump causing additional air to be drawn through the venturi system. This air-

driven venturi system has the additional safety feature of being explosion proof.

The vacuum of the cathode system was created with a series of three parallel PIAB®
MLD?25 pumps which were able to produce 96.8 cm (27.5 in) of Hg. The anode vacuum system
used four parallel PIAB® LX10 vacuum pumps. Each vacuum system was connected to separate
manifold systems to evacuate five anodes or five cathodes. The compressed air pressure was set

for each vacuum system so that each system operated at its optimal performance.

Rather than directly regulating the vacuum applied to the EK electrode, Moore®> Model
44-20 vacuum regulators allowed air to enter the electrode to dilute hydrogen and oxygen gases

being gencrated by the electrode reactions. This air flow was monitored by McMillan®* flow

! Quincy® is a registered trademark of Coltec Industries, Quincy Compressor Division
2 PIAB™ is a trademark of PIAB Vacuum Technique, Sweden

3 Moore®is a registered trademark of Moore Products Co.

4 McMillan® is a registered trademark of McMillan Company
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sensors (Model 100-8 for the anodes or Model 100-10 for the cathodes) connected to McMillan®
bar graph displays. The vacuum regulators were adjusted to provide adequate flow rates through
the electrodes, and generally the vacuum was maintained at 35.6 cm (14 in) of Hg for both the

anodes and the cathodes.

F-1.2 Liquid Control System

The liquid control system can be divided into two separate parts, the water-circulation

system (FIG F-4) and the electrode water-level control (FIG F-5).

The water-circulation system was powered by a QED® P1101S bladder pump contained

in the EK drive electrode with the screen portion of the pump extending into the electrode casing

| sump. All parts of this pump were plastic to prevent corrosion. The pump housed a dura-flex
teflon bladder which, when inflated, filled with liquid. During subsequent deflation of the
bladder, the liquid contained in the bladder was driven through the circulation system and
returned back to the EK electrode casing just above the drive electrode (FIG F-4).

The circulation system was employed to monitor the chemical condition of the liquid in
the electrode, to cool the liquid in the electrode, and to sample and remove liquid from the
electrode. A manual sampling port was located at the ground surface, just after the liquid left the
EK electrode. This sampling port had a PVC ball valve which, when opened, allowed a sample to
be collected while the bladder was deﬁating. With the sampling port in the normally closed
position, the liquid then passed through a McMillan® Modell 100-8T flow sensor, and the output

was displayed on a McMillan® 220 flow rate/total digital display in the control rack (FIG F-2).
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Due to ohmic heating of the water in the electrode and of the surrounding soil, the
temperature of the recycle water was monitored by a Campbell Scientific® 108B temperature
probe. AnITT Bell & Gossett BP Honeycombm6 heat exchanger (Model 410-30 for cathodes and

Model 410-40 for anodes) cooled the recycle water. Remcor®’ (Model CH-3002-A) chillers
circulated deionized water at approximately 6 °C at a rate of 5.6 L/min (1.5 gal/min) to each heat
exchanger to remove the excess heat. This cooling system maintained the water temperature m

the electrodes at approximately 8 to 10 °C.

After water passed through the heat exchanger, the recycle water conductivity was

measured by an inline Signet®® 2820 conductivity sensor. This sensor was connected to a

Signet® 9050 Intelek-Pro”° conductivity controller in the field trailer. The conductivity

controller was used only as a display to observe the electrode fluid conductivity. Each
conductivity controller had two separate input channels allowing two electrodes to be monitored

by one conductivity meter.

At 30-minute intervals, the effluent batch controllers (Signet® 9020 Intelek-Pro® Batch
Controller) in the control trailer sent a signal to a three-way, air-operated, PVC solenoid valve
(FIG F-4) to redirect the recycle water to the effluent barrels. The effluent was collected in 208-L
(55-gal), closed-top, polypropylene barrels. The flow of recycle water to the effluent barrels was
monitored by a McMillan® (Model 100-5T) flow sensor. After a set amount passed the effluent

sensor (user specified at rates of 0.1 to 0.5 liters/30 minutes depending the test), the conductivity

° QED® is a registered trademark of Q.E.D. Environmental Systems, Inc.
® ITT Bell & Gossett Honeycomb™ is a trademark of ITT Bell & Gossett
" Remcor® is a registered trademark of Remcor Products Company

8 Signet® is a registered trademark of George Fischer Signet, Inc.

? Intelek-Pro™ is a trademark of George Fischer Signet, Inc.
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controller sent a signal to de-energize the three-way valve to let the recycle water return to the

electrode.

A Squire-Cogswell@10 M30A02 liquid ring vacuum pump was used to re-inflate the
bladder in the bladder pump causing water to enter the bladder. Normally, these bladder pumps
are used to sample groundwater from monitoriﬁg wells. In typical groundwater sampling
situations, the static pressure of the water column allows water to fill the bladder. In our system,
the water pressure at the pump in the EK electrode is sub-atmospheric due to the vacuum applied
to the head space of the electrode, hence the need to re-inflate the bladder. The water was
expelled by squeezing the bladder with pressurized air set at approximately 20 psi. A
ChronTrol®*! (Model XT 4 S) timer module activated a three-way valve at three-second intervals
to alternate between air pressure and vacuum to the pump bladder (FIG F-5). This system

resulted in recycle flow rates of approximately 4 L/min.

The water level in the EK electrode was maintained above the ceramic/PVC interface
with two sets of reed-type, water-level, float switches (Flowline®'? Model LV10 series). The
two middle switches, spaced approximately 15.2 cm (6 in) apart, were connected to a dual-float
switch controller (Levelite® > Model GLL 100000) which opened and closed an influent solenoid

valve (FIG F-5) to allow water to enter the electrode. The upper and lower floats acted as high
and low alarm switches for water-level control failure. The water entering the electrode was
monitored by a McMillan® (Model 100-5T) flow sensor connected to a McMillan® digital flow-

rate/total-flow meter. Separate 946-L (250-gal) PE storage tanks (one for the anodes and one for

10 Squire-Cogswell® is a registered trademark of Squire-Cogswell Company

1 ChronTrol® is a registered trademark of Linberg Enterprises

12 Flowline® is a registered trademark of Flowline Inc.

13 Levelite® is a registered trademark of Levelite/Genelco, Div. Of Bindicator Co.
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the cathodes) contained the influent water source; these tanks were monitored visually for water

use.

F-1.3. Power Application System

The EK electrodes were energized using a series of four 10-kW power supplies
(Sorensen®** Model DTR-600-16T). Each power supply was capable of outputting 16 A at 6001
V dc. The power supplics could either be operated in parallel mode using a parallel interface
controller (PIC) (Sorensen® Model PICTM9A) providing up to 64 amps at 600 volts to the
system (FIG F-6A) or be operated independently so that each power supply energized one set of

electrodes (FIG F-6B).

In either case, the system contained a manual main disconnect to lockout power
application while performing maintenance on the EK system. The amount of current to each
electrode was limited by 15-amp in-line fuses and monitored by measuring the voltage drop
across a 20 amp/100mV shunt with a Newport®® Model 504 isolated current transmitter. This
current transmitter output a 4 to 20 milliamp signal that was subsequently converted to a 1-to 5-
volt signal with a precision 250-ohm resistor. The current was displayed on the control panel

through a Simpson®'® M235 digital display.

Care was taken in choosing and installing monitoring equipment to ensure it was
electrically isolated from the DC power supplies and carth ground. Anodes and cathodes can

have voltage differentials as high as 600 volts between them as well as hundreds of volts between

1 Sorensen® is a registered trademark of Sorensen Company, A Division of ELGAR Corporation
13 Newport® is a registered trademark of Newport Electronics, Inc.
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the electrodes and earth ground. In addition, the liquid contained in the electrodes and .
recirculation systems can also have sufficient voltage potentials to require monitoring equipment
to be electrically isolated. Equipment that is not clectrically isolated will allow some of the

applied current to short circuit between the electrodes.

F-1.4. pH Control System

The pH of the electrode solutions was controlled in the range of 8.8 for the anodes and
5.5 for the cathodes. As illustrated above in Equations F.1 and F.2, hydroxyl ions are produced in
the cathodes and hydrogen ions are produced in the anodes due to the electrolysis reactions at the
electrodes. Researchers (Acar et al., 1989 and 1990) who have not neutralized these electrode
reactions have reported pH values adjacent to anodes and cathodes of 2 and 12, respectively.
These extreme pH values can have geochemical effects such as precipitation of contaminant ions
and dissolution of calcium carbonate in the soil. By neutralizing the electrode reactions, the
dissolution of the soil and the build up of precipitates in the pores in the of the soil, which could

hinder electromigration, can be minimized.

A series of pH sensors, transmitters, controllers, and chemical feed pumps monitored and
controlled thé pH of the recycle water (FIG F-7). A Cole-Parmer®'” (Model 27001-97) pH
electrode emitted a signal which was converted to a milliamp signal by a Jenco®® (Model
695PH) current transmitter. A Signet® 9030 pH controller iﬁ the control panel subsequently

converted this signal to a pH value. The pH controller emitted a pulse signal at a rate

proportional to the user specified pH set point, deviation range, and maximum pulse rate. The

16 Simpson® is a registered trademark of Simpson Electronic Company
17 Cole-Parmer® isa registered trademark of Cole-Parmer Instrument Company
18 fenco® is a registered trademark of Jenco Electronics, Ltd.
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pulse sigpal controlled the pumping rate of a ProMinent®? (Model G/4a) chemical feed pump
located on top of a 208-L (55-gal), polypropylene drum adjacent to the EK demonstration site.
This drum contained either 10 wt% NaOH to control the pH in the anodes or 20 wt% acetic acid
for cathode pH control. A 30 psi stainless steel pressure relief valve provided adequate back

pressure of the neutralization solution to prevent siphoning of the solution into the electrode.

F-1.5 Monitoring System

A CR7 data logger (Campbell Scientific®, Inc.) recorded the operating parameters of the
EK demonstration and automatically shut the system down and notified the operators if any
parameters were out of tolerance. The data logger monitored operational parameters at one-
minute intervals and stored the average of each of these parameters in a storage module each
hour. If a measured parameter was out of tolerance during a one-minute reading, the data logger
would store that set of parameter readings on the storage module and send a coded message,

identifying the type of problem, via a cellular phone to two separate pagers held by two operators.

The data logger monitored the vacuum level and the air purge rate for the vacuum system
(Section F-1.1). The‘system would shut down if the vacuum level was below 7.6 cm (3 in) of Hg
(the required vacuum to keep the water column in the EK electrode under tension) or if the air
purge rate of the cathodes was below 3.5 liters per minute (the minimum rate necessary to dilute

the hydrogen gas to 4%).

The influent, effluent, and recycle rates, water temperature, conductivity, and high-low

water level alarms were monitored for the liquid circulation system (Section F-1.2). The influent,

12 proMinent® is a registered trademark of ProMinent Fluid Controls, Inc.
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effluent, and recycle rates were qualitatively recorded by the CR7. It was originally thought that
quantitative numbers could be obtained, but stray voltages produced some false readings by the
CR7. To compensate for the lack of automatic recording of flow data, readings were recorded
manually from the control panel meters approximately once per day. Of the three flow sensors,
only the recycle rate would activate the CR7 alarm system if no recycling was detected. An
electrode water temperature of over 60 °C would trigger an alarm response. The high and low
water alarm floats (FIG F-5) would also activate the CR7 alarm system if either float was
switched from its normal position. The current for each electrode also was recorded by the CR7

through the power system (Section F-1.3), but no alarms were necessary.

The pH of each electrode was also ;nonitored. An alarm was activated if any cathode pH
was less than 3 or greater than 11 or any anode pH was less than 5.5 or greater than 11. The
‘ lower pH level of the anodes was set higher than the cathode pH level due to the treatment of the
ceramic on the anodes. At low pH levels the ceramic treatment could have desorbed from the

ceramic surface.

In addition to monitoring each individual EK electrode, the CR7 also recorded some field
measurements. The soil temperatures immediately outside of the active EK electrodes, as well as
an additional fourteen temperature locations in the field were monitored. Temperatures over 60

°C would shut down the process and notify the operators.

A series of 27 voltage probes also was monitored by the CR7. These voltage probes
consisted of stainless steel screens placed in the ground and connected to voltage divider devices
so that the voltages could be recorded by the CR7. The only alarm activation would have been a
measurement of a step potential over 10 volts at a location approximately 2.4 m (8 ft) west of the

EK demonstration (see FIG F-1).
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The CR7 data logger also monitored a number of secondary containment float detectors
for leaks, full effluent barrel sensors, an alarm which indicated an open gate to the green house
exclusion zone, and a “panic” button shut down of the system. If any of the above described

sensors were activated, the system would be shut down and the operator notified.

An automatic shutdown controlled by the CR7 consisted of turning off the power to the
EK electrodes, closing the water influent valves, de-energizing all influent and effluent solenoids,
and discontinuing the pumping of neutralization solutions to the electrodes. In some cases,

pumping the electrode water through the recycle board would also be terminated.
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APPENDIX G. MODFLOW Input File Example: Three-Dimensional
Field Demonstration

This appendix includes example MODFLOW input files for the three-dimensional field
demonstration numerical predictions. Both Phase 1 and Phase 2 input files are presented here.

BAS-1.dat contains the code control file that sets up the problem for Phase 1 of both
layered and homogeneous models.

BAS-2.dat contains the code control file that sets up the problem for Phase 2 of both the |
layered and homogeneous models.

For the layered model, separate input files were needed for each phase because the
location of the cathode electrode and the applied electric potential were different for Phase 1 and
Phase 2. BCF-L1.dat is the input for Phasel and BCF-L2 dat is the input for Phase 2.

Similarly, separate input files were needed for each phase of the homogeneous model
predictions because the location of the cathode electrode and the applied electric potential

changed between phases. BCF-Hl.dat is input for Phasel and BCF-H2.dat is input for Phase 2.
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101 1(1513) 3 IBOUND-2
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i01 1(15F3.0) 4 HEAD-1

114 109
11109
14 14 109
101 1(15F3.0) 1 HEAD-2

w
W N W

114 109

11 109

14 14 109
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101 1(15F3.0} L] HEAD-3

Wl W

114 &8
11 68
14 14 &8
101 1{15F3.0;} 4 HEAD-4

-
W o Lo

114 68

11 68

14 14 68
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(4G10.4)
{4G10.4}

{4G10.4}

(4G10.4)

{4G10.4)

(4G10.13)

(4G10.4)
(4G10.4)
(4610.4)
(4G10.4)

(4G10.4)

(4G10.43)

(4G10.4)

(4G10.4)

(4G10.4)
(AGIOZA)
(4G10.4)
(4G10.13)

(4G10.4)

(4G10.1)

12

12

12

12

12

12

12

12

12

12

12

12

12z

12

12

12

12

12

12

12

12

12

12

1z

G-20
BCF-H2 .dat

econd?

theta?

thetas?
thetao?
F(y}?
expn’?

T-7a

Vecon-Ta

econd8

theta8

thetasB
thetao8
Fi{y)8
expnB

T-8Ba

VYcon-~8a

econd?

theta?

thetas?
thetao?
F{y)9
expn9

T-%a

Vcon-%a



WWHW Wk w w
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11 1.722e-2
14 14 1.722e-2
101 1.

1 14 1.722e-2

11 1.722e-2

14 14 1.722e-2
101 i.

114 0.126
11 0.126
14 14 0.126
101 1.

114 .375
101 1.

1 14 .045
101 1.

1 14 1.394
101 1.

1 14 0.0651
1a1 .3048

1 18 1.722e-2

11 1.722e-2

14 12 1.722e-2
101 3.28

1 14 1.722e-2

11 1.722e-2

14 18 1.722e-2
101 1.

1 14 1.722e-2
101 1.

1 14 0.126
101 1.

1 14 .375
101 1.

o

14 .045
101 1.

113 1.394
101 1.

1 14 0.0651
101 .3048

118 1.722e-2
101 3.28

114 1.722e-2
101 1.

114 1.722e-2
101

114 0.126

101 1.
114 .37%

101 1.
114 .04%

101 1.
1 14 1.394

101 1.
1 14 0.0651

101 L3048
1 14 1.722e-2

(4G10.4)

(4G10.4)

(4G10.43)

(4Gi0.4)

{4G10.4)

(4G10.4)

(4610.4)

(8G10.4)

(4G10.4)

(8G10.4)

(1G10.4)

(4G10.4)

{4G10.4)

(4G10.4)

(4G10.4}

(4G10.4)

(4G10.4)

(4G10.4)

(4G10.1)

(4G10.4)

(4G10.4}

(4G10.4)

(4G10.4)

12

12

i2

12

iz

12

12

12

12

12

12

12

12

12

12

12

1z

12

iz

12

12

1z

12

G-21
BCF-H2.dat

econdl0

thetall

thetasl0
thetacl0
F(y)10
expnll

T-10a

Vcon-10a

econdll
thetall
thetasll
thetacll
Fiy)1l
expnll
t-11la
Vcon-1la
econdl2
thetal2
thetasl2
thetaol2
Fy)12
expnl2

T-12a



APPENDIX H. MT3D Input File Example: Three-Dimensional
Field Demonstration

This appendix includes example MT3D input files for the three-dimensional field
demonstration. Both Phase 1 and Phase 2 input files are included here.

For the layered model scparate input files were needed for each phase because the
location of the acetate constant concentration boundary condition changed between phases.
BTN-L1.inp is the input file for Phasel where as BTN-L2.inp is the input file for Phase 2.

Similarly, separate input files were needed for each phase of the homogeneous model
since the location of the cathode electrode and the applied electric potential changed between

phases. BTN-H1 inp is the input file for Phasc 1 and BTN-H2.inp is the input file for Phase 2.



H-2

BTN-L1l.inp
3D field PROBLEM - ACETATE
3d field problem
12 5 14 1 INLAY, NROW, NCOL, NPER
sec M MOLES {TUNIT,LUNIT, MUNIT
Tt FF |FADV, FDISP, FSSM, FREACT
¢0C000GC000DD000 ILAYCON
0 1524 !DELR
Q .1829 !DELC
4 0. tHTOP
0 L3048 !DZ-LAYER 1
0 L3048 {DZ-LAYER 2
[ .3048 {DZ-LAYER 3
0 .3048 !DZ-LAYER 4
] .3048 {DZ-LAYER 5
0 .3048 1DZ-LAYER 6
0 .3048 IDZ~LAYER 7
1] .3048 'DZ-LAYER B
0 L3048 !'DZ-LAYER 9
0 .3048 'D2-LAYER 10
Q .3048 !DZ-LAYER 11
0 L3048 {DZ-LAYER 12
0 .072 !prsity-LAYER 1
0 .072 'PRSITY-LAYER 2
0 .198 tPRSITY-LAYER 3
0 .198 {PRSITY-LAYER 4
0 .198 IPRSITY-LAYER S
o} .072 'PRSITY-LAYER 6
o] 072 'PRSITY-LAYER 7
Q .072 IPRSITY-LAYER B
0 072 {PRSITY-LAYER 9
0 .072 {PRSITY-LAYER 10
0 .072 'PRSITY-LAYER 11
o 072 {PRSITY-LAYER 12
101 1(1513) 3 1ICBUND-LAYER 1
3
151141
33111
3314121
101 1(1513) 3 ! ICBUND-LAYER 2
3
151141
33111
33 14 14 1
101’ 1(1513) 3 {ICBUND-LAYER 3
3
151141
33111
3314141
101 1(1513) 3 ! TCBUND-LAYER 4
3
151141
Jc I T U S §
3314 141
101 1{15I3} 3 { ICBUND-LAYER
3
1511481
3311-1
3314 14 -1
101 1(1513) 3 ! ICRUND-LAYER 6
3
151141
3311-1
3 314 14 -1
101 1(1513) 3 | ICBUND-LAYER 7
3
151141
3311-1
33149 14 -1
101 1{1513) 3 { ICBUND-LAYER 8§
3
151141
3311-1
3314 14 -1
101 1(1513) 3 { ICBUND~-LAYER 9
3
151141
3311-1
3314 14 -1
101 1(1513) 3 {ICBUND-LAYER 10
3
151141
3311~-1
33 14 14 -1
101 1(1513) 3 ! ICBUND-LAYER 11
1
151151
101 1{1513) 3 I TCBUND-LAYER 12
1
151141
101 1.{15F3.0) 4 1 SCONC-1
3
15114 0.
3314 14 0
33110,

101 1.(15F3.0) 4 tSCONC-2



H-3
BTN-LL.inp

3
5114 0.
3 14 14 O,
3110,
101 1. (15F3.0) 4 {SCONC-3
3
51 14 0.
3 14 14 0.
3110,
101 1. (15F3.0} ] 1 SCONC-4
3 .
5114 0.
3 14 14 0.
3110.
101 1.(15F3.0) 4 1SCONC-5
3
51 14 0.
3 14 14 ©O.
311 200.
101 1.({15F3.0) 4 1 SCONC-6€
3
51 14 0.
3 14 12 0.
311 200.
101 1.(15F3.0) 4 ! SCONC-7
3
51 14 0.
3 14 14 0.
3 11 200,
101 1.(15F3.0) 4 'SCONC-8
3
51 14 0.
3 14 14 0.
311 200.
101 1.{15F3.0) 4 ! SCONC-9
3
51 14 0.
314 14 0,
311 200.
101 1.(15F3.0) L] !SCONC-10
3
5114 0.
3 14 14 0.
311 2oo.
101 1.(19F3.0) 4 'SCONC-11
3
5114 0.
314 14 0.
3110,
101 1. (15F3.0) 1 'SCONC-12
3
51 14 0.
3 14 14 0.
3110,
-999.00 ICINACT
3 3 3 3 T 1 IFMTCN, IFMTNP, IFMTRF, IFMTDP, UCNSAV
1 !NPRS
4485600 ! TIMPRS
2

[ 3 3 \kobs, iobs, jobs
[ 1 3 tkobs,iobs, jobs
T {CHKMAS
44B5600. 1 1. 'PERLEN,NSTP, TSMULT
600. 50000 !DTO,MXSTRN



H+4

BTN-L2.inp
3D field PROBLEM - EK TEST
3d field problem
12 S 14 1 INLAY, NROW, NCOL, NPER
sec M MOLES ITUNIT,LUNIT, MUNIT
Tt FF FADV, FDISP,FSSM, FREACT
00000000D0O00QGT ! LAYCON
0 1524 !DELR
[ L1829 {DELC
o] 0. IHTOP
[ .3048 IDZ-LAYER 1
0 L3048 IDZ~LAYER 2
0 .3048 IDZ-LAYER 3
0 L3048 !DZ-LAYER 4
0 .3048 !DZ-LAYER §
0 .3048 !DZ-LAYER 6
0 L3048 {DZ-LAYER 7
0 .3048 'DZ-LAYER 8
0 L3018 {DZ-LAYER 9
i L3048 'DZ-LAYER 10
0 .3048 'DZ-LAYER 11
0 .3048 !DZ-LAYER 12
0 -072 {prsity-LAYER 1
0 072 !PRSITY~LAYER 2
) .198 {PRSITY-LAYER 3
o} -198 IPRSITY-LAYER 4
0 .198 !PRSITY-LAYER 5
Q .072 {PRSITY-LAYER €
0 .072 {PRSITY-LAYER 7
Q 072 !PRSITY-LAYER 8
0 072 'PRSITY-LAYER ¢
0 072 !PRSITY-LAYER 10
0 .072 {PRSITY-LAYER ‘11
1] 072 {PRSITY-LAYER 12
101 1(1513) 3 { ICBUND-LAYER 1
3
151141
33111
3314141
101 1(15T3) 3 { ICBUND-LAYER 2
3
151141
33111
3313181
101 1(1513) 3 'ICBUND-LAYER 3
3
151141
33111
3314141
101 1(1513) 3 1 ICBUND-LAYER 4
3
151181
33111
3314 141
101 1{1513) 3 ! ICBUND-LAYER S
3
151121
33771
23 14 14 -1
101 1(1513) 3 1 ICBUND-LAYER 6
3
151141
33771
3314 14 -1
101 1(1513) 3 ! ICBUND-LAYER 7
3
151141
323771
3314 14 -1
101 1(1513) 3 { ICBUND-LAYER 8
3
151141
33771
3314 184 -1
101 1(1513) 3 ! ICBUND-LAYER ¢
3
151141
33771
3314 14 -1
101 1(1513) 3 ' ICBUND-LAYER 10
3 .
151141
337171
3314 14 ~1
101 1(1513) 3 S ICBUND-LAYER 11
1
151141
101 1(1513) 3 { ICBUND-LAYER 12
1
151181
100 0 (14F8.1) 4 'SCONCread from fil
10.2 8.4 6.1 3.9 2.1 0.9 0.3 0.1 0.0
14.6 12.0 8.8 5.6 3.1 1.4 0.5 0.1 0.0
18.1 14.9 10.9 7.1 4.0 1.8 0.6 0.2 0.0
12.6 12.0 8.8 5.6 3.1 1.4 0.5 9.1 0.0
10.2 ‘8.4 6.1 3.9 2.1 0.9 0.3 0.1 6.0

coooo
oococo
cooco
ocoococo



100
78.4 70.7
96.4 87.5

108.6 98.6
95.4 87.5
78.4 70.7

100

195.9  194.1

202.3  201.7

203.3  203.2

202.3  201.7

195.9  194.1

100

198.1  197.4

199.7  199.4

200.0  199.9

199.7  199.4

198.1  197.4

160

197.4  196.1

199,5  198.9

200.0  199.7

199.5 198.9

197.4  196.1

100

176.3  156.8

199.0  196.4

200.0 199.6

199.0  196.4

176.3  156.8

100

171.6  150.7

199.3  196.2

200.0 199.9

199.3  196.2

171.6  150.7

100

169.4  148.0

199.2  195.8

200.0  199.9

199.2  195.8

169.4  148.0

100

171.9  150.6

199.3  196.3

200.0  199.9

199.3  196.3

171.9  150.6

100

175.0  152.4

199.5  196.9

200.0  199.9

199.5 196.9

175.0  152.4

100

103.6 17.0

172.3  148.6

196.0  188.9

172.3  148.6

103.6  77.0

100
23.8 15.1
62.0 13.8

102.1 77.1
62.0 13.8
23,8 15.1

-999.00
3
i
3013200
2

6

6
T
3013200,
600,

0 (14F8.
5%.6 16.6
74.6 59.3
B4.4 67.7
.6 59.3
59.6 16.6
0 (14F8.
191.3 187.3
200,86 198.7
203.0 202.3
200.6 198.7
191.3 187.3
0 (14F8.
196.6 195.6
199.1 198.6
199.7 199.4
199.1 1%98.6
196.6 195.6

0 {14FB.
194.1 191.8
198.0 196.7
199.1 198.3
198.0 196.7
194.1 191.8

0 (14F8.
124.3 65.6
184.8 154.2
187.6 185.1
184.8 154.14
124.3 81.6

[} (14F8.
118.6 81.0
1B3.5 153.2
198.¢0 185.6
183.5 153.2
118.86 81.0

] (14F8.
115.8 79.1
182.14 151.9
197.8 185.1
182.4 151.9
115.8 79.1

0 (18F8.
117.8 79.9
183.3 152.4
198.0 185.2
183.3 152.1
117.8 9.9

0 (14F8.
116.4 75.5
183.3 119.0
197.9 183.3
183.3 149.0
116.4 75.5

0 (14F8.

48.5 25.9
112.0 71.3
157.9 115.6
11z.0 71.3

48.% 25.9

0 (14F8.

8.0 3.5
26,0 13.1
50.1 27.8
26.0 13.1

8.0 3.5

3 3

INPRS
{TIMPRS
{NOBS

3 3

1 3

' CHKMAS
1 1.

50000

1)

33.2

43.2

49.9

43.2

33.2

1
181.7
195.8
200,7
1985.8
181.7

1)
194.5
198.2
199.2
198.2
194.5

1)
189.4
195.0
197.2
195.0
189.4

1)

8.9
108.3
150.7
108.3

48.9

1)

47.5
109.1
153.2
108.1

47.5

1}

46.6
108.6
153.2
108.6

16.6

1)

16.5
108.1
152.3
108.1

46.5

1)

41.6
101.1
145.9
101.1

11.6

1)

11.9

38.0

70.7

38.0

11.8

1)

1
S
13
5
1

WS W

H-5

BTN-L2.inp

4 1 SCONC2read
20,6 $.8 3.4 1.3
27.7 13.8 5.2 2.0
32.6 16.8 6.5 2.6
27.7 13.8 5.2 2.0
20.6 9.8 3.4 1.3

1 | 8CONC3read

24.5 11.4
4

23.9 10.5

65.6 33.6

23.9 10.5
4
23.8 10.6
66.0 34.4
107.9 4.5
66.0 34.4
23.8 10.6
4
23.4 10.2
64.8 33.2
106.0 62.4
64.8 33.2
23.4 10.2
4
19.6 8.0
57.3 27.6
96,5 53.4
57.3 27.6
19.6 8.0
4
.8 1.%
17.1 6.5
36.0 15.14
17.1 6.5
4.6 1.5
4
0.4 0.1
2.0 0.6
5.2 1.8
2.0 0.6
0.4 0.1

145.1 131.7
174.0  189.7
185.8 174.2
174.0 159.7
149%.1 131.7
|SCONCéread
187.5 179.38
195.5 191,3
197.9 195.2
195.5 191.3
187.5 179.8
1SCONCSread
185.4 183.9
192.0 161.3
1949 194.6
192.0 191.3
185.4 183.9
1SCONCBread
9.6 16.7
19.0 21.9
3z.8 28.8
19.0 21.9
9.6 16.7
{SCONCTread
4.2
15.1
31.8
15.1
4.2
1SCONCBread
4.2
15.7
33.3
15.7
1.2
1SCONCYread
4.0
14.8
31.5
14.8
4.0
! SCONClOrea
2.9
11.14
25.1
11.%
2.5
!SCONCllrea
0.4

—-
[ N
w Uy =)o

-
oo oy
(LR

-
[N

- N=N"- N

[

OO0 OoOD0LOOMOOLOwO Ao

O NN

v .

M GV 00 N B

=
(SRR = W e
e

(e 2rea

cCooO0QOoNUN

0.
{CINACT

[-R=N ==

I TFMTCN, IFMTN® , TFMTRF , TFMTDP, UCNSAV

! kobs, iobs, jobs
{kobs, iobs, jobs

!PERLEN, NSTP, TSMULT

!DTO, MXSTRN

coooo
= m ;e

B3.6
117.8
136.2
117.8

88.6

146.9
166.4
176.2
166.4
146.9

173.2
184.0
189.%
184.0
173.2

34.3
40.4
44.5
40.4
34.3

W W R
(PR NN RN

(== =N
PR SRV NY

comoo
D k] e

coroQ
(SR NS

coooo
v
cor oo

cCoo oo
[=e R=1- =1

ocoocoo
[ S R

58.7
74.5
58.7
35.1

85.6

105.8
12¢.6
105.8

85.6

135.6
148.7
158.0
148.7
135.6



H-6

BTN-Hl.inp
3D field PROBLEM - ACETATE
3d field problem
12 5 14 1 YNLAY, NROW, NCOL, NPER
sec M MOLES !'TUNIT, LUNIT,MUNIT
Tt FF ' FADV, FDISP, FSSM, FREACT
000000000000 ' LAYCON
1} .1524 {DELR
0 .1829 {DELC
0 0. THTOP
0 .3048 !DZ-LAYER 1
0 .3048 'DZ-LAYER 2
0 L3048 !DZ-LAYER 3
0 L3048 {DZ~-LAYER 4
0 L3048 !DZ-LAYER §
0 .3048 IDZ-LAYER 6
0 .3048 !DZ-LAYER 7
0 L3048 'DZ-LAYER B
0 .3048 \DZ-LAYER 9
[’} L3048 !DZ-LAYER 10
0 .3048 {DZ-LAYER 11
[ .3048 1DZ-LAYER 12
0 +126 !prsity-LAYER 1
0 .126 IPRSITY-LAYER 2
0 .126 |PRSITY-LAYER 3
0 .126 'PRSITY-LAYER 4
0 .126 |PRSITY-LAYER &
0 .126 {PRSITY-LAYER 6
0 .126 {PRSITY-LAYER 7
0 .126 {PRSITY~LAYER 8
0 .126 IPRSITY-LAYER 9
0 .128 . 'PRSITY-LAYER 10
0 .126 !PRSITY-LAYER 11
0 .126 {PRSITY-LAYER 12
101 1(1513) 3 t ICBUND-LAYER 1
3
151141
33111
3314141
101 1(15I3) 3 | ICBUND-LAYER 2
3
151141
33111
3314141
101 1({1513) 3 {ICBUND-LAYER 3
3 .
151141
33111
3313141
101 1(1513) 3 | TCBUND-LAYER 4
3
151141
33111
3314 181
101 1(1513) 3 | ICBUND-LAYER 5
3
151141
3311-1
3314 18 -1
101 1(1513) 3 | ICBUND-LAYER 6
3
151141
3311-1
33 14 14 -1
101 1(1513) . 3 ! ICBUND-LAYER 7
3
151141
3311 -1
3214 14 -1
101 1(1513) ° 3 ! JCBUND~LAYER 8
3
1511141
3311-1
3314 14 -1
101 1(1513) 3 ! ICBUND-LAYER 9
3
151141
3311 -1
331413 -1
101 1(1513) 3 { ICBUND-LAYER 10
3
151141
3311 -1
3311 14 -1
101 1(1513) 3 { ICBUND-LAYER 11
1
151141
101 1(1513) 3 ! ICBUND-LAYER 12
1
151141
101 1.(15F3.0) 4 {SCONC-1
3
151 14 0.
3314 140
33110

101 1.(15F3.0) ] ! SCONC-2



ot

w W

W

W

4485600
2

6

3
T

4485600,
600.

1.{15F3.0)

1. (15F3.0)

1. (15F3.0)

1. (15F3.0)

1.{15F3.0)

1. (15F3.0)

1. (15F3.0)

1. (15F3.0)

1. (15F3.0)

1.(19F3.0)

INPRS

{TIMPRS

{NOBS
3
1
1 CHKMAS
1
50000

1.

H-7

BTN-H1.inp
4 I SCONC-3
3 1 SCONC-4
I 1 5CONC-5
[} 1 SCONG-6
] 1 SCONC-7
a 1SCONC-8
1 1SCONC-9
1 1SCONC-10
1 1SCONC-11
I 1SCONC-12
| CINACT
3 T | TFMTCN, TEMINE, LEMTRF , IFMTDP, UCNSAV

tkobs, iobs, jobs
txobs, iobs, jobs

1 PERLEN, NSTP, TSMULT
1DTO, MXSTRN



H-8

BTN-H2.inp
3D field PROBLEM - BK TEST
3d field problem
12 5 14 1 {NLAY,NROW,NCOL,NPER
sec M MOLES fTUNIT, LUNIT, MUNIT
Tt FF ' FADV,FDISP, F5SM, FREACT
0D0O0DO0O0O0CO0O0O0DO0O ! LAYCON
0 .1528 !DELR
] .1829 !DELC
0 0. HTOP
0 .3048 'DZ-LAYER 1
0 L3048 'DZ-LAYER 2
0 L3048 {DZ-LAYER 3
0 L3048 'DZ-LAYER 4
0 .3048 1DZ-LAYER 5
0 .3048 {DZ-LAYER €
0 L3048 IDZ~-LAYER 7
[ .3048 !DZ-LAYER 8
Q L3048 1DZ-LAYER 9
¢ .3048 'DZ-LAYER 10
1] 3048 !DZ-LAYER 11
0 .3048 IDZ-LAYER 12
0 .126 ‘prsity-LAYER 1
o 126 PRSITY-LAYER 2
[} .126 tPRSITY-LAYER 3
0 126 {PRSITY-LAYER 4
0 128 {PRSITY-LAYER S
0 .126 'PRSITY-LAYER 6
o] .126 YPRSITY-LAYER 7
0 .128 IPRSITY-LAYER B
0 L126 'PRSITY-LAYER 9
0 .126 'PRSITY-LAYER 10
0 .126 IPRSITY-LAYER 11
] .126 {PRSITY-LAYER 12
101 1(1513) 3 { ICBUND-LAYER 1
3
151141
33111
3314141
101 1(1513) 3 1 ICBUND-LAYER 2
3
151141
33111
3314141
10 1(151I3) 3 ' ICBUND-LAYER 3
3
151141
33111
3314 141
101 1(1513) 3 i ICBUND-LAYER 4
3
151141
33111
3314141
101 1(1513) 3 L ICBUND-LAYER 5
3
51141
33771
3314 14 -1
101 1(1513) 3 VICBUND-LAYER €
3
151181
33771
33 14 14 -1
101 1(1513) 3 ICBUND-LAYER 7
3 .
151141
33771
3314 14 -1
101 1{1513) ‘3 ITCBUND-LAYER 8
3
151141
33771
3311 14 -1
101 1{15I3)} 3 { ICBUND-LAYER 9
3
151141
33771
331414 -1
101 1(1513) 3 {ICBUND-LAYER 10
3
151141
33771
3314 14 -1
101 1(1513) 3 'ICBUND~LAYER 11
1
151141
101 1(1513) 3 ! ICBUND-LAYER 12
1
151141
100 0 (14F8.1) L] 13CONCread from fil
23.2 19.1 14.1 3.3 5.3 2.6 1.0 0,3 0.1
36.1 30.5 23.5 16.3 9.9 5.2 2.2 0.8 0.3
46.3 39,7 31.2 22.3 14.1 7.7 3.4 1.3 0.4
36.1 30.5 23.5 16.3 9.9 5.2 2.2 0.8 0.3
23.2 19.1 14.1 9.3 5.3 2.6 1.0 0.3 0.1

coocooco0
O RRBER o
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cocooQ
coooco
cooeo



97.8
127.3
144.9
127.3

97.8

173.7
190.6
196.3
190.6
173.7

198.1
199.9
200.0
199.9
198.1

199.9
200.0
200.0
200.0
195.9

189.9
200.0
200.0
200.0
199.9

199.8
200.0
200.0
200.0
199.8

199.8
200.0
200.0
200.0
199.8

1%9.8
200.0
200.0
200.0
159.8

159.8
200.0
200.0
200.0
199.8

166.2
159.8
200.90
199.8
196.2

143.9
174.3
188.5
174.3
143.9

-99

301

3013

100
B7.3
116.8
134.7
116.8
87.3
100
166.3
186.5
1%83.8
186.5
166.3
100
196.7
1%9.8
200.0
199.8
196.7
100
199.7
200.0
200.0
200.0
199.7
100
199.7
200.0
200.0
200.0
199.7
100
199.6
200.0
200.0
200.0
199.6
100
199.6
200.0
200.0
200.0
199.6
100
199.7
200.0
200.0
200.0
199.7
100
199.7
200.0
200.0
200.0
199.7
100
194.0
199.5
200.0
199.5
192.0
100
135.2
167.7
183.6
167.7
135.2
9.00
3

1
3200
2

]

]
T
200.
600.

0 (14F8.
72.6 $5.5
101.5 82.1
119.86 99.8
101.5 B2.1
72.8 55.5
0 (14F8.
154.0 135.8
178.9 166.1
188.8 179.4
178.9 166.1
154.0 135.8
0 (1488,
193.6 187.1
199.3 197.7
199.9 199.4
199.3 197.7
193.6 187.1
0 {14F8,
199.3 197.9
200.0 199.9
200.0 200.0
200.0 199.9
19%.3 197.9
Q (14F8.
199.3 198.3
200.0 199.9
200.0 200.0
200.0 199.9
199.3 198.3
¢ (14F8.
199.2 198.1
200.0 199.9
200.0 200.0
200.0 199.9
19%.2 198.1
0 (14F8.
199.1 198.0
200.0 199.9
200.0 200.0
200.0 199.9
199.1 198.0
0 {14F8.
199.2 198.2
200.0 199.9
200.0 200.0
200.0 199.9
185.2 198.2
0 (14F8.
195.1 197.8
200.0 199.9
200.0 200.0
200.0 199.9
199.1 197.8
0 {14F8.
189.9 182.5
198.8 196.8
199.8 199%.2
198.8 196.8
189.9 182.5
0 (14F8.
122.9 107.3
157.9 184.5
176.0 165..2
1587.9 144.5
122.9 107.3
3 3

INPRS

!TIMPRS

!'NOBS
3 3
1 3

! CHKMAS
1 1.

50000

1)

38.1

60.4

TE.5

60.1

38.1

1
111.86
146.1
163.3
146.1
111.6

1)
175.0
193.2
197.5
193.2
175.0

1)
194.5
199.5
19%9.9
199.5
194.5

1}
195.9
199.7
199.%
199.7
195.¢9

1)
195.8
199.7
200.0
199.7
195.8

1)
195.7
188.7
200.0
199.7
195.7

1)
195.8
199.7
200.0
199.7
195.8

1
194.3
199.5
199.9
199.5
194.14

1)
170.6
192.1
197.4
192.1
170.6

1)

89.3
127.3
150.3
127.3

89.3

22.8
39.1
52.0
35.1
22.8

83.3
118.4
138.6
118.4

83.3

155.2
182.6
191.5
182.6
155.2

187.0
197.7
195.3
197.7
187.0

1%90.8
198.8
199.7
198.8
190.8

191.1
199.0
199.8
199.0
191.1

1%91.1
199.0
199.8
199.0
191.1

190.8
198.8
199.7
198.8
190.8

187.6
1%8.0
199.4
198.0
187.6

153.0
182.9
192.%
182.9
153.0

9.9
106.7
131.1
106.7

69.9

H-9

BTN-H2.inp
4 {SCONC2read
11.4 4.8 1.8
21.3 9.8 4.0
3.0 1%.6 6.3
21.3 3.8 5.0
11.4 1.8 1.8
4 $SCONC3read
54.5 30.8 15.4
85.1 53.1 29.0
105.5 70.1 10.7
85.1 53.1 29.0
54.5 0.8 15.4
4 'SCONCéread
127.4 94.2 62.3
162.8  132.2 95.8
177.8 152.1 116.6
162.8  132.2 95.8
127.4 94.2 62.3
L] { SCONCSread
173.4 151.7 122.7
192.5 180.1 157.3
196.9 189.2 171.9
192,55 180.1 157.3
173.4 151.7 122.7
4 15CONCéread
181.5 166.8 146.3
156.0 189.4 176.9
198.6 195.3 187.5
196.0 189.4 176.9
181.5 166.8 146.3
4 1SCONCTread
1B2.9 170.2 152.8
196.7 191.6 18z.1
199.0 196.6 191.3
196.7 191.6 182.1
182.¢9 170.2 152.8
4 1SCONC8Bread
182.9 170.4 153.4
196.8 191.8 182.6
199.0 196.7 191.7
196.8 191.8 182.6
182.9 170.4 153.4
4 !SCONC9read
182.0 168.3 149.¢
196.3 190.5 173.5
168.8 195.9 189.5
196.3 190.5 179.5
182.0 168.3 149.4
L] 1SCONC10read
175.8  187.3  132.4
193.9 1B4.3 166.7
197.6 192.2 180.0
193.9 184.3 166.7
175.8 157.3 132.4
[} ISCONCllread
129.7 102.5 74.8
167.1 143.5 114.2
182.3 164.1 137.7
167.1 143.5 114.2
129.7 102.5 74.8
4 1SCONC12read
50.7 34.1 21.4
83.6 61.0 41.4
107.8 82.8 59.4
83.6 61.0 41.4
50.7 3.1 21.4
ICINACT
T

{kobs, 1obs, jobs
ikobs, iobs, jobs

{PERLEN, NSTP, TSMULT

{DTO,MXSTRN

36.6
61.5
79.5
61.5
36.86

31.0
126.0
144.5
126.0

91.0

i21.6
157.3
173.2
157.3
121.86

131.8
167.1
181.5
167.1
131.8

132.7
168.2
182.4
168.2
132.7

126.4
162.3
177.6
162.3
126.4

103.7
140.9
159.2
140.9
103.7

50.0
83.1
106.1
83.1
0.0

12.3
25.8
39.1
25.8
12.3

coooo
(RO IR N

[N NN N
L - N

19.0
34.8
47.8
34.8
19.0

61.5
91.7
111.0
91.7
61.5

35.1
131.6
152.1
131.6

95.1

108.5
146.6
166.3
146.6
108.5

109.9
148.3
167.8
148.3
109.9

101.3
139.0
159.4
139.0
101.3

8.9
109.5
130.4
109.56

74.9

30.1
54.4
73.8

30.1

co oo

O Wk O

' TFMTCN, IFMTNP, IFMTRF, IFMTDP, UCNSAV

@ w0 Ne®

o NE o

61.9

118.%
94.0
61.9
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APPENDIX I. MODFLOW Output File Example: Three-Dimensional
Field Demonstration

This appendix includes example MODFLOW output files for the three-dimensional field

demonstration. Both Phase 1 (OUTPUT-H1.txt) and Phase 2 (OUTPUT-H2.txt) output files are

listed. To save space only the homogeneous model results are shown here.



I-2
OUTPUT-H1.txt

1 ¥,3. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATER MODEL
03D TEET PROBLEM EX testing of field
12 WAYERY 5 koW 14 COLUNS
1 =iREsS PERIOD(S} IN DIMULATION
MODEL TIME UNIT 1 SECOMDY
01/C UNITS!
ELIMENT OF TUNIT: 1 2 3 4 5 &
f/JOUNTT: 11 ® 0 0 O B
DBAS] -~ BASIC MODEL PACKASE, VI:R!!OII
ARRAYS RHS AND RUFF WILL SHARE MENOR'
ATART HEAD WILL NOT BE SAVED -- nnmmnnmﬁn
14277 ELEMENTS IN X ARRAY ARE USED BY BAS
14277 ELEMENTS OF X ARRAY UNED OUT OF 750000
OBCF1 -~ BLOCK-CENTERED FLOW PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNTT 11
STEADY-STATE 3 IMULATION
LAYER AQUIFER TYPE

'l8!10111.21310151617181921121.222121
Qg ¢ce 02219 ¢ 0 0 o 066 0
1, 9/1/81 Iumnmnmwn 1

5-—-.—-
FPOCESONU AN
cococcocoooo

ELEMENTI IN X ARRAY ARE U! BY BCF
ll2.9 ELEMENTR OF X ARRAY USED OUT or 1750000
PCGL -~ TIONED JOLUTION PACKAGE, VERSION 1, 06/25/85 INEUT READ FROW URIT 19

7588 ELEMENTS IN X ARMAY ARE USED BY PCG

21877 ELEMENTS Of X KKPAY USED OUT OF 750080
130 TEST PROBLEM EX teating of field
)

BOUNDARY ARRAY FOR LAYER 1 WILL BE READ ON UNIT 1 USING BLOCK FORMAT

1 2 3 4 & & 7 8 9 10 11 12 13 34

BOUNDARY ARRAY FOR LAYER 2 WILL BE READ OM UNIT 1 VSING BLOCK FORMAT

1 2 3 4 5 & T 8 9 10 11 12 13 14

- e

BOUNDARY ARRAY FOR LAYER 3 WILL BE READ ON UNIT 1 USING BLOCK FORMAT

1z 2 4 5 6 T 8 9 10 11 12 13 14

BOUNDARY ARRAY FOR LAYER 4 WILL BE READ ON UNIT 1 UBING DLOCK FORMAT

1z 3 4 5 & 17 8 9 10 11 12 11 14

T
TS
[y

BOUMDARY ARRAY FOR LAYER 5 WILL BE READ ON UNIT 1 USING BLOCK FORMAT

1 02 3 4 5 5 7 8 910 11 12 13 14

a1 i1 1 11 1 1 1 1 1 1 1 1
02 1 1 1 1 1 11 1 P ) 1 1 i 1
4 3 -1 1 1 ¢ 1 1 3+ 1 t 1 1 1 1 -1
N4 i ¢ 1 3 1 1 3 1 1 1 1 1 1 1
L 1 1 1 1 1 1 1 1 11 1 1 1
[

BOUNDARY AKRAY FOR LAYER 6 BILL BE READ ON UNIT 1 USING BLOCK FORMAT

2 3 4 5 6 1 18 $ 10 11 12 11 14

o1 i3 1 1
o2 11 1 1 1
032 -1 1 1 1 1
o 4 11 1 1 1
[ -1 1 13 1 1 1
o

1L 2 3 4 5 6 T @ 9§ 10 11 1z 13 14

BOUNDARY ARRAY FOR LAYER § WILL -BE READ ON UNIT 1 USING BLOCK FORMAT

1 2 3 4 % 6 7 8 9 10 1} 12 13 14

01 1 31 1 1 1 1 1 1 1 1 1} 1 1 1
0 2 T 1 1 1 1 11 1 3 1 1 11
2 -1 1 1 1 1 11 11 1.1 1 1 & -1
o 4 i1 1 1 1 1 1 1 1 1 1 1 11
c s $+ 1 1 i 1 1 1 3 1 1 1 212 11
a



I3
OUTPUT-H1.txt

BOUNDARY ARRAY FOR IAYER 9 WILL BE READ ON UNIT 1 UBING BLOCK FORMAT

¥ 2z 3 4 5 & 7 @ 9 10 11 12 13 UM

I R S A R S A R A A A T U T U |
6z 1 11 1 11t 111 1111
63 -1 1 1 1 1 1 t 1 %t 1 1 1 1-1
54 1 1 L 1 11 11111111
g5 1 1 1 1 11 1 : 111111
0
BOUNDARY ARRAY FOR LAYER 10 WILL BE READ ON UNIT 1 USING BLOCK PORMAT

102z 3 a4 s 6 7 8 8 30 1 122 13 14
P S L S S A R T U S
b2z 11 ! 11111111111
53 -1 1 1 1 1 1 1 11 11 1 1-
P4 11 1 1 11 11111111
s 1 1 1 1 11 1 1111111
0

BOUMDARY ARRAY FOR LAYER 11 WILL BE READ ON UNIT 1 USING BLOCK FORMAT

1 2 3 4 5 & 7 & $ 10 11 12 13 14

b
-
[Py
(T
b e

T 2 3 4 5 6 1 B 9 10 31 12 13 14

1 2 3 4 5 6 7 L] 5 10 11 1z 13 PR}

o' 1 "10s.00 109,00 “10s.06 169.60  189.03 109,00 105.00 109.00 108.00 109.00 109.00 109.00 109.00 109.00
© Z 109,00 109.00 109.00 109.05 109.00 109.00 109.00 109.00 109.00 108.00 109.00 109,00 109.00 109.00
D 3 105,00 109.00 109.00 109.0c 109.08 10900 205.00 109.00 109,00 109.00 109100 109.00 109.00 109.00
o0 4
0 s
0

109.00 109.00 109.00 10%.00 109.00 109.0C 109.00 109.00 109.G¢ 109,00 3109.00 109.00 109.00 109.00
109,00 109.00 189.0¢ 109.06 105.00 10%.00 10%.00 109.00 109.0C 109.00 109.00 109.00 1Q9.0¢ 1d9.00

INITIAL HEAD FOR LAYER 2 WILL BE READ ON UNIT 1 USING BLOCK FORMAT

1 2 2 a s s 1 [ s 10 1n 12 13 14

. : X : T60 109,00 ibs.66 109 a0 109 06 108.00 1090 10s.00 195.00  108.00
109.00 109.60 10900 10900 108.00 109.00 109,00 109.00 10900 108.00 105.00 103.00 199.00
109.00 109.00 108.00 109.00 109.00 109.00 109100 109.00 109.00 109.00 105.0C 109,00 10900

109.00 109.00 109.00 109.0C 10%.00 109,00 109.00 10%.00 109.00 109.00 10%.00 108,00 109.00 105.00
109,00 109.00 108.00 109.0¢ 109.00 109.00 109.00 109.00 109.00 108.50 109.0C 109.00 105.00 145.00

INITIAL HEAD FOR LAYER 3 WILL BE READ ON UNIT 1 USING BLOCK FORMAT

1 2 El 1 5 6 7 L] 9 10 11 12 13 14

o9.00 108,06 166.06 10908 10900 109.00

@ 1 109.00 109.00 109.00 109.00 109.00 109, B -
9 2 109.00 109.00 109.00 109.00 109.00 10%9.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 108.00
0 31 109.00 109.00 109.66 109.00 109.00 109.00 109.00 109.00 108.00 109.00 109,00 109.00 109.00 109.00
9 4 1069.00 109.00 109.00 309.00 109.00 165.00 109.C0 109.0C 189.00 105.00 104.00 109.00 109.00 109.0D
25 109.00 109.00 109.00 108.00 109.00 108.00 109.00 109.00 109.00 105.00 109.00 109.00 1C8.00 109.00
1

INITIAL HEAD FOR LAYER 4 WILL BE READ ON UNIT 1 USING BLOCK FORMAT

1 2 2 4 B 6 ’ ] v 10 1 12 1 1
0 "1 "109.00 105,00 109.00 108.60 109.00 169.60 105.00 109.00  109.00 105.00 109.00 108.00 109.66 109.00
© 2 109,00 105.00 105.00 109.60 109.00 109.90 109.00 109.00 103.00 109.00 10500 108.00 109.00 109.00
03 108,00 109.00 109.00 109.00 109.00 109.06 309.00 109.00 1€9.00 109.00 2109.00 109.00 109.00 105.00
o 4

5 5

0

109.00 109.00 109.00 109.00 109.00 109,60 109.p0 109.00 109.60 109.00 109.00 109.00 109.60 109.00
109,00 109.00 109.00 109.0¢ 109.00 109.00 109.00 109.00 109.00 109.00 109.00 105.00 109.00 109.00

INITIAL HEAD FOR LAYER § WILL BE READ ON UNIT 1 USING BLOCK FORMAT

1 2 3 4 5 6 T L] 9 10 11 12 13 14

17109260 109,00 109.00  109.0 . . K K . 109.0¢  109.00

2 109.00 109.00 109,00 109.00 109.00 109.00 10S.00 109.00 109.00 109,00 109.00 109.00
3 Td.p0 169.00 109,60 109.00 105.00 108.00 109.00 195.00 109.00 108200 109.00 109.00
a
5

109,00 105.80 189.00 109.00 109.00 109.00 10%.00 105.00 109.00 108,00 109.00 109.00 108.00 109.00
109.00 109.00 105.00 109.00 109.00 159.060 109.00 105.00 10%.00 109.00 10%.00 109.00 10%.00 109.00

INITIAL HEAD COR LAYER 6 WILL BE READ ON UNIT 1 USING BLOCK PORMAT

1 z 3 1 5 & 1 0 9 10 n 12 13 14
1 "ie6n 165060 369.aa ios.aa 109.60 194106 10966 105106 105,00 109 60  105.00 109.00 10906 108.60
Z 109.00 109.00 109.00 109.06 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109,00 109.60 109.00
3 0.0 109.00 105,00 109.00 109.00 109.00 108.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00
1
s

105.00 109,00 )09.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 105.00
109.00 109.00 109.00 3103.00 109.00 109.00 169.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00

TNITTAL HEAD FOR LAYER 7 WILL BE READ ON UNIT 1 USING BLOCK FORMAT

1 2z 3 4 5 6 7 8 L] 10 11 2 13 11

. - 0%, 09.08 109.00 109.00 109.0¢ 109.00 108.00 199.00 109.00 109.00 109.00 109.00
2 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 10%.00 109.00 199.00
3 ¢.00 109.00 109.00 109.00 10%.00 109,00 109.06 109.00 109.00 109.0C 109.00 109.00 109.00 109.00
4 109.00 189.00 109.00 10%.00 3109.00 109.08 109.00 109.00 189.00 109.60 10%.00 109.00 109.00 109.00

caoo



I-4
OUTPUT-H1.txt

¢ 5 109.60 109.00 109.00 109.00 109.00 109.00 109.00 109.00 189.00 10%.00 109.00 109.00 109.60 109.D0
o
IWITIAL HEAD FOR LAYER B WILL BE READ ON UNIT 1 USING BLOCK FORMAT
1 2 3 T L) 9 10 11 12 13 14
o 1" 10500 10900 106,60 109. . ‘00 G0 " ia9.00 30s.00 105.00 109000 105,80 10900 109.00
0 2 109.00 109.00 108.00 109.08 109.00 109.00 109.00 109.04 10$.00 :0P.00 109.00 109.00 109.00
o 3 0.00 109.00 109.00 109.00 109.00 109.80 109.00 108.00 109.00 109.00 105.00 109.00 109.00
0 4 109.00 109.00 109.00 109.00 109.30 109.00 108.00 109.00 105.06 109.00 109.00 10%.00 208.c0
a5 109.00 109,00 109.60 109.00 1@9.00 109.00 109.00 109.00 109.00 :09.00 10%.00 109.00 309.00
o
INITIAL HEAD FOR TAYER 9 WILL BE READ OM UNIT 1 USING BLOCK FORMAT
1 2 3 4 5 13 T [] L] 10 1 12 13 14
o7 inelis  iGSIR0iasloe ioe.30 166,60 109.00 3is.0n 10900 105.00 10970 i0 a0 10.00 109,
o o2 109.00 109.00 105.00 109.06 109.00 109.00 109.00 109.00 19s.¢¢ 109.00 109.00 109.00 108.20 108.00
[ ] 2.c0 109.00 109.00 109.00 109.60 109.00 109.00 109.00 109.00 109.00 109.00 105.00 105.00 10¢.00
0 4 1ips.00 109.00 109.0¢ 308.00 10%.00 109.60 109.00 109.00 109.00 109.00 109.00 108.00 109.90 109.00
o s 109.0p 109.00 108.00 109.00 109.00 109.00 109.00 108.00 109.00 199.00 109.p0 109.00 109,00 109.00
[
INITIAL HEAD FOR LAYER 10 WILL BE READ OM UNIT 1 USING BLOCK FORMAT
1 3 1 5 1 * [] 9 10 11 12 13 14
o’ ‘0" 16978 ibsihe haeona” isioe  i6siba 'ios w0 i69.53 109.00 10990 109,00 109108 idlda’inslad’
@ 2 109.00 109.00 109.00 109.00 109.00 10%.00 109.00 309.00 109.00 109.00 109.00 109.03 109.00 109.00
o 3 0.00 109.00 109.00 109.80 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109.60
G 4 109.00 109.00 109.56 109.00 109,00 105.00 109.00 109.00 109.00 109.00 109.00 109.00 109,00 109.00
o 5 109.00 109.00 105.00 109.00 109.00 109.00 109.60 108.00 109.00 109.00 109.00 109.00 109.00 109.00
a
INITIAL HEAC FOR LAYER 11 WILL BE READ ON UNIT 1 USING BLOCK FORMAT
1 z 3 4 5 6 7 L] L] 10 13 1z 13 14
01 7109000 109,00 109000 109.00  309.06 109.00 109.00 109.00 X : ' "iaeio0” dgsioe”
0 2 109.00 109.40 109.00 109.00 2109.00 109.00 109.00 105.00 109.00 109.00 109.00 109.00 109.00
0 3 1069.00 109.00 109.00 109.00 109.00 108.00 109.00 10s.00 109.00 10%.00 109.00 109.D0 105.00
0 4 109.00 109.00 309.00 109.00 109.00 109.00 109.00 10%.00 169.00 109.060 105.00 109.00 109.00 10%.00
a s 189.00 309.00 109.00 1R9.0C 109.00 109.00 105.00 1G%.00 109.00 109.00 105.00 169.00 109.00 109.00
o
INITIAL HEAD FOR LAYER 12 WILL BE READ ON UNIT 1 VIING BLOCK FORMAT
1 2 3 4 5 6 T e 9 19 1 1z 13 14
o i " ibe 66 ibe 060 i0s o6 iaaTan i0s.00 109,00 139.00 167.05 10500 109.00 106,00 189.00 109108 08.00
o 2 309.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 169.00 109.00 109.00
¢ 3 109.00 109.00 109.00 109,00 109.00 1GY.80 109.00 109.00 109.00 109.00 109.00 108.00 109.00 105.400
¢ 4 109.00 10%.00 109.00 105.00 109.0C 109.00 109.00 109.00 109.00 105.80 109.0¢ 109.0C 109.00 108.00
o 5 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109.00 109.80 10%.00 109.00 109.00
OHEAD PRINT FORMAT IS FORMAT NUMBER 4 DRAWDOWN PRINT FORMAT 15 FORMAT NUMBER 4
GHEADS WILL BE SAVED ON UNIT O  DRAWDOWNS WILL BE SAVED ON UNIT @
QOUTPUT CONTROL IS SPECIFIED EVERY TIME STER
a COLUMN TO RON ANISOTROEY =  1.000000
a DELR = 0.1524000
0 DELC = 0.182%000
o
eleccond. ALONG ROWS FOR LAYER 1 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 2 1 5 6 1 L] L] 10
11 12 13
01 iiheanesos ilia30n-b3 1.72306-03 107220602 1,72208-02 172308002 1.32206- lrzz08 02"
1.7220E-02 1,7220E-02 1.7220E-02 1.7220E-02
8 2 1.7220C-02 1.72206-02 1.7220E-02 1.72206-02 1.72206-02 1.72208-0Z 1.71220E-0Z 1.7220F-02 1.1220e-32 1.7220E-02
1.72208-02 1.7220B-02 1.7220E-02 1.7220E-02
03 1.7220E-02 1.7220E-02 1,72208-02 1,1220£-02 1.72206-02 1.7220E-02 1.7220E-02 1.7220E-02 1.7220E-02 1.7220E-02
1.7220E-02 1.7220E-02 1.7220p-02  1.712208-02
© 4 1.72208-02 1.722DE-D2 1.72208-02 1.7220£-02 1.7220€-02 1.72208-02 1.7220E-02 1.7220E-02 1,72208-02 1.7220E-02
1.72206-02 1.7220E-02 1.7220£-02 1.72Z0E-02
© 5 1.12206-02 1.72206-02 1,%2205-02 1.T220E-82 1.7220E-02 1.72206~02 1.12200-02 1.7Z20E-02 1,72208-02 1.7220E-02
1.7220E-02 1,7220E-02 1.92205-02 1.7220B-02
0
MoisCont. ALONG ROWS FOR LAYER 1 RILL BE READ ON UNIT 11 USING BLOCK FORMAT
3 4 5 [ 7 L 9 hL}
13 1a
0 0.1260 0-1260 Glied T Talise T Talize U Ualizen T alize T aizes T auizer T elizes
0.1260 0.1260 0.1260 0.1260
0 2 0.1260 6.1260 9.1260 0.32560 0.1250 0.1260 0.1260 0.1260 ¢.1260 0.1260
0.1260 0.1260 0.1260 0.1260
8 3 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.126D ¢.1268 0.1250
0.1260 0.1260 0.1260 0.1260
0 4 0.1260 9.1260 0.1260 0.1260 0.1260 0.1260 £.1260 06.1260 0.1260 0.1260
0.1260 0.1260 0.1260 0.1260
PS5 01260 0.1260 0.1280 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 8.1260
D. 1260 0.1260 0.1260 ©.1260
[}
Sat Nois. ALOWG ROMS FOR LAYER 1 WILL OE READ ON UNIT 1l USING BLOCK FORMAT
1 2 3 4 5 6 1 L] 9 10
11 12 13 14
o Tolanse T Taldasa T el Toldise T Tuase E Taamsal e
0.3750 0.3750 0.,3750 0.3750
D 2 0.3750 0.3750 0.3758 0.3750 0.3750 0.3758 0.3750 9.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750
0 3 ¢©.31%0 0.3750 06,3150 0.3750 0.3750 0.3756 0.3750 08.3750 £.3750 0.3750
£.3750 0.3750 0.3715¢0 0.37150
8 4 0.310 0.3750 0.3750 0.3750 a.3758 0.37s0 0.3750 0.3750 0.3750 0.3750
0.3750 2.3750 0.3750 0.3750
0 % 0.37150 0.3750 0.3750 0.3750 0.3750 0.3750 0.375%0 0.3750 £.3750 0.3750
0.3750 04.3750 8.1750 0.3750
3
Rez Mois. ALOWG ROS FOR LAYER 1 WILL BE AEAD OW UNIT 11 USING BLOCK FORMAT
3 1 5 & 7 3 9 18
13 Ll

4.5000E-02
4.5000E-02 4.500DE-02 4.5000E-D2  4.5000E-02

62" 45600602 "4 S02nE 02 4.S060E-02
or-02 o

4. . .
4.5000E-02 4.50005-02 4.5 .

q.

4.5000E-02  4.SO00E-02

4.5000£-02 4.5000E-02



0D 1 4.5000E-02 4.5000E-02 4.S000E-02 4.5D006-02 4.50005-02 4.5000£-02 4.5000E-02 4.5000E-02 4.5000E-02 4.5800E-02
4.5000E-02 4.500D£-02
0 4 4.5000E-02 4.50008-0% 4.5D00E-02 4.5000L-02 4.5000E-02 4.5000%-D2 4.5000E-02 4.SO00E-D2 4.50008-02 4.50DDE-32
4.50008-02 4.50005-G2 4.S0UDE-02 4.5000E-02
© 5 .5000E-02 &.S000E-0Z 4.5000E-02 4.5000£-02 4.5000£-02 4.5000p-02 4.S600£-D2 4.50006-02 4.5000E-02 4.5000E-02
4.5000E-02 4.50006-02 4.5000E-02 4.5000E-02
[
F(lawda) . ALONG RONS POR LAYER 1 WILL 8E READ ON UNIT 1i USING BLOCK FORMAT
s [ 1 ] 9 10
1.394 1.354 1.3%
1.394 1.394 1.394
1.374
003 1.3% 1.394 1.394 1.394 1.394 1.394 1.394
1.394 1.39¢ 1.3%4 1.394
0 4 1.394 1.394 1.394 1.394 1-3%4 1.394 1.394
1.354 1.394 1.3%4 1.394
a4 5 1.3%4 1,134 1.394 1.394 1.394 1.394 1.3%4
1.3%4 1.394 1.294 1.394
a
Exp b . ALONG RONS FOR LAYER 1 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 2 3 ] 5 [ ? [] [ 10
1 12 13 14
0 1 6.5100£-02 6.5100E-02 6.5)008-02 6.81008-02 5.5100E-02 6.5100E- .510 00E-02  6.5100E-02
6.5100E-02 6.5100E-D2 B.5100E8-02 6.51008-02
¢ 2 6.5100E-0Z 6.5100E-02 €.5100E-02 6.5100E-02 6.51006-02 6.5100£-02 6.S100£-02 6.5100E-DZ 6.51006-02 6.51008-02
6.5100E-02 &.5100E-02 6.5100£-02 6.5100£-02
6 3 6.5100E-0Z 6.5100E-02 6.5100£-02 6.5100B-62 6.5100E-02Z 6.5100£-02 6.5100E-02 6.51005-0Z 6.5100£-02 6.5100E-02
£.5100E-02 6&,.5100E-02 6.5100E-02 6.5100E-02
0 4 £.5100£-02 6.5100E-02 6.51006-02 6€.5100E-02 £.5100E-02 6.5100£-02 6.51006-02 6.5100E-02 6.5100E-02 6.5100E-C2
6.5100E-02 6.51005-02 6.5100¢-02 6.51008-D2
0 5 6.51006-02 6.5100E-0Z 6.5100E-02 6.5100E-02 6.5100£-02 6.5100E-02 &.5i008-02 6.5200E-02 6.S100E-02 6.5100E-02
6.51005-02 6.5100€-02 §.5100E-0Z 6.5100E-02
o
TRANSMIS. ALONG ROWS FOR LAYER 1 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 2 5 L T ] 9 10
11 12
0 1 5.2487E-01 5.2487E-03 5.2487E-03 5.24076-03 5.24878-03
5.2487E-03 5. TE-B3  5.24078-03
U 2 5.2487£-031 5.2487C-03 5.2407%.03 $.24890-03  5.24B7E-03 §$.2487E-03 5.24876-05 S5.2487E-03 5.2487E-02
$.2497E-03 5,.2487E-01 5.2467E-03 5.24875-03
0 3 S.24B7E-03 5.24B7E-03 5.2487E-03 5.2487¢-03 5.2487C0-03 5.24876-03 5.2487E-03 5.2497E-03 5.2407E-03 5.2487E-03
$.24076-03 5.2407E-03 5.2447£-03 5.2487E-03
1] 7E-03 5.2407E-03 5.2a07E-03 5.2487¢-03 5.2487E-03 5.2487E-03 5.2497E-03 5.2407E-03 S.2487E-03 5.2487E-D3
€-03 $.2487E-03 5.24€7€-03 S5.2487£-03
@ 5 5.28876-03 5.24876-03 5.2487E-03 5.2407€-D3 5.2497C-03 5.2487E-03 5.24076-03 5.2407E-03 5.2487E-03 35.2407E-03
5.24072-03 5.2487E-03 5.2487E-03 5.2487E-03
[
VERT HYD COMD /THICKNESS FOR LAYER 1 WILL RE READ ON UNIT 11 USING BLOCK FORMAT
1 2 3 3 7 ] [} 10
11 12 13
D 2 5.64028-02 5.64B2E-02 5.6482E-D2 - 5.6482E-D2 5.6482E-02 5.64B2E-02 5.6462E-0Z 5.64820-02
$.64026-02 5_6482E-02 5.6402£-02 5.64825-02
D Z 5.6482E-02 5.6482E-02 5.64820-02 5.5482E-02 5.64826-02 5.6482E-02 5.6482£-02 5.64826-02 5.6482e-02 5.6402E-02
5,6482E-02 5.64R2E-DZ 5.6402E-02 5.6482E-0Z
0 2 5.64026-02 5.6482E-02 5.6442E-02 5.6482E-02 5.6402E-02 5.6492E~D2 S. 02 5. 5. 5.6492E-02
5.6492E-02 5.6482E-02 5.6482£-02 5.64082E-02
0 4 S5.6482E-02 5.6482£-02 5.6482E-02 5.6482E-02 5.64026-02 5.64BIE-02 §.64820-02 5. 5. 02 5. 2
S.64820-02 5.6482E-02 5.6462E-02 5.6462E-02
@ 5  5.648ZE~02 5.6482E~DZ 5.648ZE-02 5.64B26-02 5.6402E-02 5.64B2L-02 S.GAG2E-02 5.64625-02 5.64B2E-02 5.64B2E-02
5.6462E-02 5.6482E-02 5.6492E-02 5 64826-02
o
eleccond. ALOWG ROWS FOR LAYER 2 WILL BE READ ON UNIT 1i USING BLOCK FORMAT
1 z 1 4 5 6 7 ] s 10
i 12 13 14
o 1 1.1220E-02 1.7220E-02 1.7220€-02 1.7220E-02 1.7220E-02 1,7220E-D2 1.7220E-02 1.7220C-02 1.7220E-02 1.72208-02
1.72206-02 1.7220E6-82 1.7220E-02 1.7220E-02
0 2z 1.7220E-02 1.72206-02 1.12208-02 1.7220E-02 1.72206-02 1,7220E-02 1.72208-02 1.7220£-02 1.72Z0E-02 1.7220E-02
1.72208-02 1.7220E-02 1.7220B-02 1.7220E-02
0 3 1.72206-02 1.723bE-02 1.1220£-02 1.7220E-D2 1.7220E-07 1.7220E-02 1.7220£-02 1.7220E-02 1.7220B-02 1.7220E-D2
1.7220E-02 1.72206~02 1.7220E-02 1.7220E-02
[} 1. 1.7220% 1.2 2 1.7220E-02 1.7220E-02 1.7220E-02 1.7220E-0Z 1.12206-02 1.72206-02 1.7220E-02
1.7220E-02 1.7220E-02 1.7220E-02 1.7220E-02
6 5 1.72206-02 1.7220B-02 1.72206-02 1.7220E-02 1.72206-02 1.72208-02 1.72208-02 1.72206-02 1.7220E-D2 1.7Z20%-02
1.72206-02 1.7220E-0Z 1,72Z0E-0Z 1.7220E-02
[
MoisCont. ALOWG ROWS TOR LAYER 2 SILL BE KEAD ON UNIT 1l USING BLOCK FORMAT
1 2 3 ] 7 [ 9 10
11 12 13
a 0.1260 1260 0.1z60 .1260 9.1260
8.1260 0.12¢0 0.1260
0z 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
0.1260 0.1260 0.1260 9.1260
6 3 0.1260 0.1260 0.1260 2.1260 9.1260 0.1260 0.1260 0.1260 0.1260 6.1260
0.1260 0.1260 6.1260 0.1286
0 4 0.1260 §.1260 6.1260 b.2260 0.1260 0.1260 0.1260 0.1260 U.1260 0.1260
8.1260 0,1260 0.1260 0.1260
¢ 5 9.1260 .1260 0.1260 0.1260 0.1260 0.1260 0.1260° €.1260 0.1260 0.1260
D.1260 ¢.1260 0.1260 0.1260
0
Sat Mois. ALOWG RONS FOR LAYER 2 WILL BE READ OM UNIT 11 USING BLOCK FORMAT
1 ¥ 3 4 5 6 1 B 9 10
11 12 13 14
01 0.3750 08.3750 0.3750 0.3750 0.3750 0.3750 0.3750 6.3750 0.3750 .3750
0.3750 $.3759 0.3750 0.3750
0 2 0.3750 0.3750 @.3150 0.3750 0.3750 0.3758 0.3150 0.3750 0.3750 D.3750
6.1750 0.3750 0.37%0 0.375¢
o 3 $.3750 0.3750 0.3750 0.3750 0.3750 0.3750 03750 ¢.375¢ 0.3750 0.3730
0.375C 0.375%0 0.375¢ 0.3750
0 4 0.3758 0.3750 0.37%0 9.3750 0.3750 0.3750 8.3750 0.3750 0.3750 0.3750
b.3750 0.3750 0.3750 0.3750
9 5 0.3750 0.3150 0.3750 4.37150 9.3750 0.3750 0.3750 0.37%0 0.3750 0.3150
0.37150 0.37150 0.3750 0.37150

I-5

OUTPUT-HI .txt




I-6

OUTPUT-HI txt

Res Mois. ALONG RONY FOR LAYER 2 WILL AE READ ON UNIT 11 USING BLOCK FORMAT

1 4 5 € 7 [] 9 10
33 14
0 4.5000E-02 4 4. 4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-02 50C0E-02
9z . 02 4. 2 4. 2
02 4. 0z 4. 02 4. 02 4.50006-02 4.5000E-02 4.5000E-D2 &£.5000E-02 4.50008-02 4.5000E-0Z 4.5000E-02
4.5000E-D2 4.5000E-02 4.5000B-02 4.5000E-02
¢ 3 4.5000E-B2 4.5000E-02 4.5000E-02 4.5000£-02 4.5DO0CE-0Z A. 4. 4.5000E-02 4.5000E-02 4.5000E-02
.5000E-D2 4.5000E-02 W4.5000E-02 4._500DE-02
c a . 4 02 4. _5000E-02 4.5000E-02 4.SOGOE-02 4.500DE-02 4.5000£-02 4.5000E-02 4.5C000E-02
.50006-02 4.5000%-02 4.5000E-G2 4.5000E-02
[ -] 4.500DE-D2 4.5000%-02 4.50008-02 4.5000E-02 4.50UOC-07 4.5000E-02 4.5000%-02 4.5000E-02 4.5000E-02 4.5000E-02
4.5000E-02 4. 0z 4. !
o
F{landa) , ALOWG RONS FOR LAYER 2 WILL BE READ ON UNIT 11 USING BLOCK TORMAT
1 T [ ] 9 10
11
1 1.394 2394 -394 1.394
1.394
[ 4 1.394 1.3%4 1.394 1.39¢ 1.394
1.394
03 1.394 1.394 1.394 1.394 1.394
1.394
9 4 1.394 1.394 1.194 1.31%4 1.394
1.3%4
25 1.394 1,394 1.394 1.394 1.394
1.39¢
0
Exp n . ALONG RONS FOR LAYER 2 8ILL BE READ ON UNIT 1l USING HLOCK FORMAT
1 2 3 4 5 [ 7 L] 9 pU
b33 1z 13 14
[} 6.5100£-02 6.51008-02 &.5100E-G2 §.5100E-02 6.5100£-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02
6.5100E-02 6.5100£-02 6.5100E-02 6.5100E-02
s 2 6.51008-02 6.5100E-02 6.51006-02 6.5100£-0Z €.3100£-02 6.51005-02 6.5100-02 6.5100E-02 6.5100E-02 &,.5100E-02
£.5100E-02 6.51008-02 &.5100E-02 6.5108E-02
03 6.5100E-02 &.4:00E-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-U2 6.5100E-02 6.5100E-02 6.5100E-02 6.5100B-U2
6.5100E~02  6.5100E-02 6.5100£-02 6.51000-02
a4 6.5100E-62 6.5100E-02 6.5120E-02 6.51006-02 6.5100E-02 6.5100E-02 6.5100F-02 5.5100B-02 6.5100E-02 6.5100E-02
6.51006-02 6.5100E-02 &§.5100E-02 6.5100F-02
I 6.5100E-02 £.5100-02 6.S100E-02 6.510DE£-02 6,5100E-02 6.52008-02 6.5100E-02 6.5100E-02 6.5100£-02 §.51005-02
6.5100E-02 6.5100E-D2 6.5100E-02 6.51DDE-02
[
TRANSMIS. ALONG RONS FOR LAYER 2 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 2 7 L] s 10
1 12
0 1 5.2467z-03 5.2487 LZ4RIE-03 5.2487E-03 5.2487E-03
5.2407E~03 5.2487€-03 5.24B7E-03 5.2487¢-03
[ B3 §,2407E-03 5.2487E-03 5.2487€-03 $.2487E-0) 5.2487E-03 5.2487E-01 5.2467£-02 5.2487€-03 5.2487E-01 5.2487E-03
5.2487E-03 5.2487E-03 5.24B7E-D3  5._2487E-01
2 3 5.2497E-03 5.2407E-03 5.24072-03 5.2497E-03 S.Z4476-03 5.2467E-03 S.Z487E-03 5.2487¢-03 5.2407E-03 5.2497E-02
5.2487E-03 5.2487TE-03 5.2487E-03 5.Z487E-03
0 4 S.2497C-03 5.2487E-03 5.2487e-02 5.24876-03 5.2487E-03 §5.2487E-03 §.2407E-03 5.2487E-03 5.2487E-03 5.2487E-03
5.2487E-D3 5.2497E-03 S.2487E-03 5.2487%£-03
D 5 5.2487€-03 5.Z48TE-03 5.2487E-03 5.24875-03 S5.24B7E-02 5.2487E-03 5.2487E-03 5.2487E-03 5.24876-02 . 5.24687E-03
L2487E-03 5.24976-03 5.2407E-03 5.2467E-03
0

VERT HYD COND /THICKNESS

FOR LAYER 2 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

5_6482E-02 5.64B2E-D2 5.6482E-D2 5.8482E-02

H 6

$l64b20.02 5.64826-02

9 10

56402602 5.64B2E-62

¢ 2 5.6482E-02 5.6482E-02 5.6482E-02 5.6482E-02 5.6402E-02 5.64926-02 5.6402E-02 5 .E4BZE-02 5.6482E-02 5.6492r-02
5.6482£-02 5.6402C-02 5.6402€-02 5.64828-02
o 3 5.6482E-02 5.6402E-02 5.6492E-02 5.6482E-D2 5.64026-02 5.64BZE-02 5.6492E-02 5.64B2E-02 35.64B26-02 5.64982E-012
5.6482E-02 5.6482E-D2 5.6482E-02 5.6482E-02
0 4 5.6482E-D2 S.GABZE-DZ 5.6482E-0Z 5.6482E-D2 S5.5462E-0Z S.64020-02 5.6402E-02 5.64B2E-02 5.6492E-02 5.6482£-02
5.64826-02 5.64WZE-DZ 5.64020-02 9.54B2E-02
0 5 5.6482E-02 5.6 - §.64020-02 5.5482E-02 5.64926-02 5.6482E-02 5.6402E-02 5.6402E-02 5.6482E-02 5.6482E-02
$.6402E-02 5,6402B-02 5.64B2E-02 S.6482E-02
o
aleccond. ALONG ROES FOR LAYER 3 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 5 1 t L] 10
11
01 1.7220B-062 1. 7220E-02 1. . 1.72720E-02 1.7220E-02 1.7220E-U 1.7220E-0Z 1.7220E-02
1.7220E-02 1.72208-02 1,7220£-02 1.72208-02
¢ 2 1.72206-02 1.7220E-02 1.7220E-02 1.7220E-02 1.1220E-02 1.7220E-02 1.72208-02 1.7220E-02 1.72208-02 1.72Z0E-02
1.7220E-D2 1.7220E-02 1.7220E-02 1.7220E-02
0 3 1.1220g-D2 1.7220E-02 1.7220E-02 1.72206-0Z 1.7220E-02 1.7220E-02 1.72208-02 1.7220E-02 1.7220E-02 1.7220E-07
1.12206-02 1.7220E-02 1.7220E-02 1.7220E-02
¢ 4 1.1220B-02 1.72206-02 1.72206-02 1.7220E-02 1.72208-02 1.72206-02 1.7220€-02 1.72208-02 1.7220£-02 1.7720E-02
1.72206-02 1.7220E-02 1.72208-02 1.7220E-02
o5 1.12206-02 1.7220E-02 1.72208-02 1.7220E-0Z 1.7Z20E-02 1.7220£-02 1.71220E-0Z 1.7220%-02 1.7220E-02  1.7220£-02
1.72208-02 1.7220E-0% 1.7220E-02 1.7220E-02
0
MoisCont. ALONG RONS FOR IAYER 3 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 2 3 5 L] 1 ] 5 10
11 12z 13
a1 0.1260 ©.1260 0.12601 1.1260 0.1260 0.1260 0.1260 0.1260 ' 0.1z60
<1260 0.1260 0.1260
* 2 0.1260 10,1260 0.1260 0.1260 D.1260 0.1260 0.1260 0.1260 0.12460
0.1260 8.1260 €.1260
9 3 D.1260 ¢.1260 0.1260 0.1260 0.1260 0.1250 0.1260 0.1260 0.1260
D.1260 0.1266 0.1260
D 4 0.1260 Q.1260 0.1260 €.1260 0.1260 0.1260 0.126¢ D.1260 0.1260
0.1260 b.1260 0.1260
-] 0.1260 0.1260 0.1260 0.1260 2.1260 0.1260 0.1260 0.1260 0.1260
0.1260 0.1z60 f.1260
2at Mojs. ALONG RONS FOR LAYER 3 WILL BE READ OR UNIT 11 UYING BLOCK FORMAT
1 2 3 T 8 9 10
11 12 13
0 1 06.3750 0.3750 0.3750 .3150 0.3750 0.3750 0.3750 8.3750 £.3750 0.3750
£.3750 0.37150 0.32750 0.375¢
9 2 10,3750 0.3750 0.3750 0.3750 2.3750 6.3750 0.3750 0.3750 0.37150 0.3750



I-7
OUTPUT-H1.txt

0.3750 0.37158 0.3750 0.2750

0 3 0.3750 0.375¢ 0.3730 0.3750 D.3750 0.3750 0.3750 93130 0.3750 £.1158
0.3750 0.3750 .3750 0.3750

0D & 0.3750 6.3750 4.3750 63750 0.3750 0.3750 8.375¢ D.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750

0 5 0.37%0 9.3750 0.1750 0.3750 0.3750 a.3750 ¢.3150 0.3750 0.3750 §.1150
0.3750 0.3750 0.3750 0.37150

o

1
1} 12 14

“4 J000n-ns 5000862 4.5000E-GZ 4.5000%-02 45000602 4.SODDE-02  4.5000E-

o 17 als000e 02 Asnnm:-nz
4.5000E-02 4%

¢ 2 4.5000E-D2 4.5000K-02 4.50!‘"‘!5—!2 9. o2 4. 2 4. 4.5000E-02 4.5000E-02 4.5000B-92
l 5050!:—02 1 5000E-02 4_.50DDE-02

¢ 3 4.5000E-02 4.5000E-02 4.50008-02 4.5000£-02 4.5000E-02 4.5000e-02  4.50008-D2
I SIWI‘)!-IIZ l 50005—"2 4. 50005~DZ 4. SDGDE-UZ

[ ] 4. 4. 02 4.5000E-02 4.5000E-02 4.SD09E-02 4. 4. 4. 0.
l 50008-02 l SDWI 9z 4 SDUDI-BZ 4. 50005—02

[ - SOODE-02 4.5000£-02 4.5000E-02 4. 4. 2 4- o 4.5000E-02 4.5000E-0Z 4,5000E-072 4.5000E-02

4. 9z 9. 2 d.
[
F(landa} , ALONG ROWS FOR LAYER 3 WILL BE READ ON UNIT 11 USING BLOCX FORMAT

[ -2

0z

LI}

[ )

]

1 2z 3 L) 5 6 7 L] 3 10
1 12 13 14

¢ 1 ﬁSlﬂD!-ﬂz 6.5100E-D2 651!.'!0!.‘;-02 65100&02 BSlﬂﬂE&DZ snnus DZ 6.51005-02 6.5100E-02
6.5100E-02 6.5100E-02 6.5100B-02 6.51008-02

0 2 6.51008-02 6,5100E-D2 &.S100E-02 6.5100E-62 6.51008-02 6.5100£-02 6.5180E-02 6.5100E-02 6.51006-02 6.51008-02
6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02

6 3 6.3100E-02 6.5]D0E-D2 6.5100E-02 6.5100E-02 6.5100E-02 6.510DE-02 6.5100E-02 6.51005-02 6.5100E-02 6.5100E-02
6.51005-02 6.5100E-02 6.5100E-02 6.5100E-02

0 4  6.51005-02 6.5100E-02 6.4100E-02 6€.5100E-02 6.5100E-02 6.5S100E-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02
6.5100E-02 6.5)00E-07 6.5180E-02 &.5100E-0;

6 5 &.5100E-02 6.5100E-02 6.5100£-02 6.5100€-02 6.51006-02 6.510DE-02 6.5100E-02 6.51005-92 6.51006-02 6.5100E-02
6.5100E-02 6.5100E-02 6.3100€-02 6.5100E-92

0

TRANSMIS. ALONG ROWS #OR LAYER 3 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

- - B |TE U] 5 2587!} 03 5. 2lﬂ7b—ﬂ] 5 2457!413 5 2487E-03  5.2467E- U3 5 24515-01

5.7497E-03 5.24876-03 5.24876-03 5. 2! 7E-03

0 2 5.2487E-03 $.2487L-01 5.24876-03 5.2487E-03 5.24B7E-01 5.2487E-03 §.24878-03 5.24976-01 £.2487£-03 5.2487E-01
5.Z4B7E-03 S5.Z4B7E-03 5.2487E-03 5.2467g-01

Cl7: 03 5.24075-01 5.24876-03 5.2487E-0) 5.2487E-03 5.24676-03 5.2467E-03 5.2487E-03 S5.2467E-03 $.2487€-03

7E-03 5.2487E~03 5.24878-03 5.2487E-0)

0 4 !ZII'III—DJ 5.2487E-03 S5.Z487E-03 &, 75-01 5.2487E-03 5.2487E-03 5.2487E-03 5.24876-03 5.24876-03 5.24878-02
5.2487E-03 5.2407£-03 $.Z487E-03 5.24076-03

@ S 5.2487E-D3 5.24878-03 5.2487E-01 5.2407E-01 5.2497E-02 S.2407E-03 5.2467E-03 5.2467E-03 5.2487E-03 5.2487E-03
5.2487E-01 5.2407E-02 5.24876-03 5.2487£-03

VERT HYD COND /TMICKNESS FOR LAYER 3 WILL BE RFAD ON UNIT 11 USING BLOCK FORMAT

3 5 € 7 L] 3 10
13

01 5. 61'2! 02 5 6!'2!—02 5.6402E-02 5.6402E-02 s.suz:-uz 5 EIIZ!-HZ 5.64826-0; -02 5. GGUZE-BZ
5. 5.6402E-92

0 Z 5. 6102!—02 5 6!!25—02 5.64826-02 5. 5.6982E-02 5. 02 5.5482E-02 5.64B7E-02 S5.64B2E-02 5.6482E-02
5.6482E-02 5.6482E-02 5.GA62E-0Z 5.6482E-02

8 32 5.64682E-02 5. 61925-02 5 64‘1!?-112 5 GIIZE—DZ 5.8482E-02 5. 2E-02 5. 5. 2 5.6402E-02 5.6482E-02

5.6482E-02 5.
0 4 5.64B2E-02 5.6482E-07 5 6“2!‘.—02 5 GABZE 02 5.6482E-0Z 5.6482E-02 &.640826-02 5.6482E-0Z 5.6482E-02 5.6462E-02
5.6482E-02 §.6482E-02 5.6482E-02 5.6482B-02
9 S5 5,6482E-02 5.6482£-02 S5.6482E-D2 5.6482E-02 5.6482E-02 5.648ZE-02 $.6€4AZE-02 5.64B2E-02 5.64826-02 5.64826-02
5. 02 5. 5. 2 5.6462e-02

eloccond. ALONG ROWS FOR LAYER 4 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

4 5 8 1 L] 9 10
14

1. E- . .7220:—01 1. 'IZZDI-UZ 1.7220E-02 1.7220E-02 1 7220!2 ﬂZ 1 7220!-02 1.7220£-02 I. TZZDB‘HZ
1.72208-02 1.7220F-02 1.7220E-02 1.7220E-02

0z 1.7220E-02 1.7220£-02 1.72206-02 1.122DE-02 1.7220£-02 1.7220E-02 1.72206-02 1.72208-02 1.7220E-02 1.7220E-02
1.7220E-02 §.7220E-02 1.7220E-02 1.7220E-92

0 3 1.72208-02 1.72706-62 1.72208-02 L.1220E-02 1.7220£-02 1.7220E-02 1.72208-02 1.72208-02 1.7220E-02 1.7220E-02
1.7220E-02 1,7220E-02 1.712f0E-02 1.7220£-02

0 & 1.72208-02 1.7220E-02 1.7220E-02 1.72200-02 1.72206-02 1.72208-02 1.7220E-02 1.7220E-02 1.72206-02 1.72206-02
1.7220E-02 1.72208-02 1.7220E-02 1.7220E-02

0 5 1.72206-02 1.7220E-02 1.7220£-02 1.72206-D2 1.7220B-02 1.7220E-02 1.7220E-02 1.7220€-02 1.72200-02 1.7220E-02
1.7220£-02 1.72208-02 1.72206-07 1,7220E-02

MoigCont . ALONG RONS FOR LAYER 4 NILL BE READ ON UNIT 11 USING BLOCK FORMAT

1 z 3 1 5 § 1 [] $ 10
1 12 13 u
o1 e lizen” 0.1260 0.1260 0.3260 “o.i26d 0.1260
0.1260 0.1260 8.1260 0.1260 .
0 2 p.1z60 ©0.1260 9.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 01260
D.1260 0.1260 0.1260 0.1260
01 b.1260 0.1260 0.1260 0.1260 0.1260 0.1260 9.1260 0.1260 1.1260 0.1260
D_1260 0.1260 0.1260 6.1260
0 4 0.1260 n.uw 0.1260 0.1260 5.1260 9.1260 0.1260 01260 0.1260 0.1260
0.1260 0.12 0.1260 9.1260
6 5 0.1260 nxzso 0.1280 0.1260 0.1260 5.1260 0.1260 0.1260 €.1260 0.1260
0.1260 0.1260 01260 0.1260



I-8
OUTPUT-HI txt

Sat Meis. ALONG RONS FOR LAYER 4 WILL BE READ ON UNIT 1l USING BLOCK FORMAT

$ 6 7 8 9 1¢

0.3750 0.3750 0 3'!5[.] £.3750 £.171%0 9.37%0 0.3750 8.3158
8.3750 £.315¢0

[ 3 0.3750 0.3750 08.3750 ©.3150 0.3750 D.37s0 0.3750 0.3752
8.3750 0.3750

a4 3 0.3750 0.37158 8.3150 2.3730 9.37150 0.315¢ 0.3750 0.3750
9.3750 0.3750

[ § 9.3730 0.3150 0.3150 0.3750 0.3750 0.375¢0 0.3750 C.3750
9.3750 ©.3750

[ -1 0.3750 0.3750 0.3750 0.3750 0.37150 .3150 ©.3750 0.3150
4.37150 0.37150 0.3750 0.3750

0

Mes Mois. ALONG ROWY FOR LAYER 4 WILL BE READ O UNIT 11 USING BLOCK FORMAT

1 2 3 a s L] 7 [ s 10
11 1z 13 u

o 1 d4.5000£-02 -5000E-02 I 5000E- ﬂ? 4. SUUGPVZ A.snonpnz l SOUDEAHZ l $000E-92 4.
4.5000E-02 4.S00DE-02 4.5000C-02 4.5000£-02

[ -3 4.5000C-02 4.5000£-02 4.S000£-0Z  4.500 0z 4. 02 4. 02 4.5000%-02 4.50005-02 4.S000E-02 4.5000E-52
4_5000E-02 A.5000E-02 4.5000E-02 4.5000%-02

"2 4.56008-02 .5000E-02 4.5000E-02 4.500E-02 4.50008-02 4.5000E-02 4.5000E-02 4.S000E-02 4.SOSDE-0Z 4.5000E-02
l »0005- 02 ‘ snnnn—nz l SOUDE-02  4.5000£-02 -

4.50008-02 4. 02 4. 02 A, 2 4.5000E-02 4.5000E-02 4.3000E-02

..SDDUI-BZ l SHDBE-UZ 4.5000£-02

l 5000~ UZ

[} 4.50006-02 4.5000E-0z 4.5000E-02 4.5000E-02 4.50805-02 4.50006-02 4.5000E-02 4.5000E-02 4.50008-02  4.5000E-02
4.50000-02 4.5000£-02 4.5000B-02 4.5000E-0Z
a
. ALONG ROWS FOR LAYER 4 WILL BZ READ ON UNIT 11 USING BLOCK FORMAT

T ? 9 Y
. TR T e
a 1.394 1.294 1.334 1.394
a 1.394 1.3%4 1.304 1.394
] 1.394 1.391 1.184 1.394
o .39 1.391 1.394 1.394
]

1 2 3 4 s 6 7 B 9 10
11 1z 11 14

o1 eslnm: nz ESLOUH-UZ 65100!—02 SSIBDE 92 651005~DZ 65100! 02 E.EXWI-UZ
£.51006-02 6.5100E-02 &.5100E-82 6.51D0E-02

0 2z 6.5100E-D2 6.5100E-02 &.51D0E-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-DZ £.51006-02
6.5100E-02 6.5100£-02 6.510CE-02 6.51DDE-02

¢ 3 6.5100E-02 6.5100£-02 6.5100E-02 6.51DDE-D2 6.51006-02 6.51005-D2 6.5100E-02 6.510DE-02 6.5100£-02 6.51008-02
6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02

D 4 6.5100E-02 6.S100C-02 6.5100E-07 6.5100E-02 6.51006-02 6.5100E-02 6.5100E-02 &.5100E-02 6.5100E-02 6.5100E-02
6.5100E-02 6.5100E-02 6.5)00E-02 6.5100E-02

0 5  6.5100E-02 6.5100£-02 6.51006-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02 &.5100E-D2 6.5100E-02 6.5100E-02
6.51006~02 6.5100L-82 6.5100B-02 6.5100£-D2

0

TRANSMIS. ALONG RONS FOR LAYER 4 WILL BE READ ON UNTT 11 USING BLOCK FORMAT

1 2 3 ‘ 5 5 ? [ 9 10
1 12 PE] 1

7!—03 SZISTE l'l] 5.24!7!:»!]3 SZ!ITD—BJ 5.2487E-03 5.2487E-03 5.20076-03 §.2487E-03 $.2407E-03 5.2467E-03

5.2407E-03 5.Z487E-03 5.2487£-03 5.Z487E-03

0 2  5.24976-03 5.2487E-03 5.2 E-03 5.2487F-03 5.2407E-01 5.2487E-03 S.2487€-03 5.2487E-013 5.2407E-01 5.24872-03
5.2497E-03 §.2487B-D3  S.2487E-03 5.2487E-03

0 3 5. 7E-02 5.2487E-03 5.2487C-01 5.2487E-03 5.2487E-03 5.2487E-01 §.Z4076-03 5.Z467E-03 5.2487€-01 5.2487E-D3

.2487E-03 5.2497£-03 5.2487E-03 5.24B7E-03

€ 4 5.2487E-03 5.ZANTE-83 5.2407£-03 S5.2487E-03 5.2497E-03 5.2487TE-03 5.24876-03 5.24876-03 5.24676-03 5.2487E-03
5.2487E-03 5.2497E-03 5.24876-0D3 5.2487E-03

0 5 5.2407E-03 5.2497L-03 5.2487£-03 5.2407E-03 5.2487E-03 5.2487E-03 5.2487€-03 5.24875-01 § .2487E-03 5.2487E-03
5.2497~03 5.2487C-03 5.2487E-03 5.2487E-03

°

VERT HYD COND /THICKNESS FOR LAYER 4 WILL BE READ ON UNIT 1l USING BLOCK FORMAT

11 13 14

[ 5 6482!:—02 5 MIZE-DZ 5.6482E-02 5. GIBZE-UZ 5 6452!: DZ 5 64'2! 02 5.5482E-02 5.6482E-07
5.6462B-02 5.6482E-D2 5.64826-02 5.5492E-02
0 2 5.6402E-02 5.5482L-02 5.6482E-U2 5.6482E-02 5.64B2C-02 5.6482E-02 5.6482E-02 5.6482E-02 5.6482E-02 5.5482E-02
5.6482E-0Z7 5.6402E-02 5.6482£-02 5.6482E-02
0 3 S.6482E-02 5.6402E-02 5.64028-02 5.56482E-07 5.6482C-07 5.64826-02 S5.6482E-02 5.64H2E-DZ2 3.6482E-02 5.6482e-02
5.6152!—02 5 6“2! ﬂ2 5 64025-02  5.6482E-02
a d §.64828-02 5.6482E-02 5.64B2E-02 $.6487E-02 5_6482E-02 S.6482E-02 5.6482E-02
5 64!2‘—02 5 NIZE-UZ ! ECIZI 07 5.6482E-02
62| &.6482E-02 5.6482E-02 5.6482E-02 5.64828-02 5.6482E-02 5.6402E-02 5.5482E-02
oz

.'l 6462E-02 5 GIIZE-DZ 5.6"25—02

'
sleccond. ALOWG HOWS FOR LAYER § WILL S€ READ ON UNIT 11 USING BLOCK FORMAT
1 2 3 ‘ 5 6 " ® 9 10
1 12 1 1
0 a3 1aabe e 1I9330E 83 i TIe0E 0 1 I0s0k-00 1.v200Be03  1.7220B-02 1.72206°D2 1.72ZDE-02 1.72206-02

1.7220E-02 1.7220£-02 1.7220E-02 1.7220E-92

0 2 1.7220E-02 1.72206-02 1.7220E-02 1.7220B-D2 1.72206-02 1.7220E-02 1.71220E-02 1.7220E-02 1.7220E-02 1.7220E-D2
1.7220€-02 1.7Z20E-02 1,72208-02 1.7220E-D2

o 3 1.7220£-02 1.7220E-02 1,72208-02 1.72206-D2 1.7220E-02 1.7220£-02 1.7220E-02 1.72206-02 1.71220E-02 1.7220E-02
1.7220£-02 1.72206-02 1.7220E-02 1.7220E-02

¢ 4 1.712208-02 1.7ZZ0E-02 1.7220E-02 1,7220E-D2 1.7220€-02 1.72208-02 1.72206-0Z 1.7220E-02 1.7220E-02 1.72208-02
1.72298-02 1.7220E-02 1.7220E-02 1.7220E-02

0 5 1,7220E-02 1.72Z0E-02 1.72205-02 1.72208-02 1.7220E-02 1.7220E-b2 1,72208-02 1.7220E-02 1.72208-02 1.72208-02

1.7220E-02 1.72208-02 1.7220E-02 1.72208-02

T .
MoisCont. ALONG ROBS FOR LAYER 5 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
. 2 3 a s 6 7 [ s 1
1 12 13 14
o1 alizee T olazee T hiuzen 0.1zeo wazenalizeo ’

0.1280 0.1260 03260 0.)260



L
2
]
]
o
o

L]

-

2

3

5

1

2
3

”;‘QISD&B-“Z 4. Slﬂllb:l:linl 5000E-02

“p.5100m-02 6.51008-02 6.5100E-D

I-9

OUTPUT-H1.1xt

0.1260 ©.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.12680 0.1260 9.1260
0.1260 0.1280 0.1260 0,1260
0.1260 0.1260 0.1260 0.1280 0.1260 0.,1260 0.1260 0.1260 0.1260 2.1260
0.1260 0.1260 0.1260 0.1260
0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 9.12860 2.3260 0.1260
0.1260 ¢.1260 B.1260 0.1260
0.1260 0.1260 0.1260 0.1260 8.1260 0.1260 0.1260 0.1260 g.1260 0.1260
0.1260 8.1260 0.1260 0.1260
Sat Mois. ALONG RONI FOR LAYER S WILL BE READ O UNIT 1l USING BLOCK FORMAT
2 3 4 5 6 7 8 9 10
12 13 14
0.3750 0.3750 2.3750 “.3750 £.3750 4.1758 0.3%80° “al115a 0.3758
2.3750 7.3750 8.3750
6.3750 0.1750 0.3758 0.3750 0.3750 0.3750 2.3780 9.3750 5.3150
0.3750 0.3750 0.3750
0.3750 2.3750 6.3750 0.3750 5.3750 68,3750 £.3750 1.3750 0.3750 0.3750
0.2750 0.3750 0.375a 0.3750
0.3750 0.3750 0.3750 0.3750 6.3750 0.3750 8.3150 8.2750 0.3750 0.3750
0.3750 0.37s0 0.3750 0.3750
0.3750 0.3730 B.175C 0.37150 6.3150 0.3750 ©.37150 0.2750 0.3150 0.3750
0.3150 0.37%0 £.375¢0 0.3750
Res Mois. ALGNG ROES FoR LAYER $ WILL BE READ OM UNIT 11 USING BLOCK FORMAT
1 2 3 L] 5 6 7 B ¢ 10
11 12 3 14

4.5000E-82 4. Sﬂllﬂl-ﬂz l 5000E-02
4.50008-02 4.

4,5000E-02 4.50008-02 4 SDIIIII—DZ l
4.5000E-02 4.5000E-02 4.SO0DE-02 4.
S000E~-02 4.5000£-02 4.5000E-0Z 4.

4.5000€-02 4.5000E-D2 4.5000E-02 4
.50008-02 4.5000E-02 4.5000E-02 4

.SO00E-02 4.5000E-02 4.

.50005«02

.5000E-02 4.5000E-02 4.5000Z-DZ 4.5000E-02
BDDI‘II:-

5 B2 4. 4.5000E-02 4.50008-02
50005*02
SO00E-D2 4.5000B-02 4,5000E-02 4.5000£-D2 4.S00DE-02
5000E-0;
_5000E-02 4.5000E-0Z 4.50005-02 4.S0C0E-02 4.5000E-02
.S000E-02

15000802

1 56005412 4. !DQDB DZ
4.50008-02 4.5000E-~02
4.50008-02 4.50005-02
4.5000E-02 4.5000E-02
4.5000E-82  4.5000E8-02

F(lamda) . ALONWG ROW FOR LAYER S WILL BE READ OM UNIT 11 USING BLOCK FORMAT

4 s
14
394 1.3%9
1.394
1.394 1.3%4
1.394
1.394 1.394
1.254
1.394 1.394
1.394
1.354 1.394
1.394
ALONG RONS FOR LAYER

& 7 N
Tl s
1.394 1.394 1394
1.394 1.a84 1.394
1394 1.394 1.294
1194 1.334 1.394

[ U]
P e
1.394 1.394
1.394 1.394
1.394 1.354
1.394 1.398

2 2

1z 13

1.394 1.394

1.394 1.394

1.394 1.3%4

1.394 1.394

1.394 1.394

1.394 1.394

1.394 1.394

1.3%4 1.3%4

1.3%4 1.394

1.3%4 3.394

Zxp o .

1
11

6.5100E-02 6.510DE~02 6.5100E-02 6

6.5100E-02 €.510DE-0Z &.5100C-02 6.
6.5100E-02 6.5100E-02 €.

6.51008-02
6.5100E-02 6.51D0E-02 &.51G6E-02 &
6.5100E-02 6.5100E-02 6.5100E-02 6

6.51008-02 6.5100E-02 6.5100E-02 6.
6.5100E~-02 6.5100E-02 6.31008-02 8.
6.5100&-02 6.5100E-02 6.51006-02 6.5100E-02

+3100E-02
5100E-02
5100E-02
.5100e-02
.51008-02
5100E-02
5100E-02

6.5100E-02
6_510CE-02
&.3100E-02
€.5100e-02

5.51008-02 &.51DOE-02 6.5100E-02 6.5100E-02

6.5100E-02

6.5100E-02 §.S100E-02
6.5100E-02 6.5100E-0Z 6.51008-02
6.5100E-02 §.5100E-02 &.5100E-02

6.5100E-02 6.51008-02 6.5100E-0Z

6.51008-02  6.51006-02 &

§.5100E-02 6.5180E-02
6.5100£-02 6.51D0E-02
6.5100E-02 6.5100E-02

€.5100E-02 6-5100E-D2

FOR LAYER § WILL BE READ ON UNIT 11 USING BLOCK FORMAT

TRANSHIS. ALONG RONS
2 a s
2 14
503 TS i2ebte0d R I24eTEI03 S2Ae7E-03 S zanteres
5.24676-03 5.24870-03 5 2487E-03 5 2487£-03

5.2487E-03 5.2487E-03 5.24
5.24872-03 5.2 B
5.24687€-03 5.Z487E-D3 5.24875-03 5.
5.2497E-03 5.2487£-03 5.24076-03 5
5.2407€-01 5.2487€-03 S5.2487E-02
5.2487E-0) 5.2487£-03 5.2487€-03
$.2497E-03 $_2407E-03 S

£-03 5.2487¢-03

5.2487E-03

Z457E-03
-2407E-03

5.2487E-03
_ s.ze87e-03

5.2487£-03

5 24!7: 03 -'I 24!7!-03 5 24I7€ DJ

5.2487E-03 §.2487E-03 5.2487E-03

5.24976-03 5.2487E-03 5,24@7E-03
5_2487E-03 5.2487E-03 5.2487€-03

5.2487E-03 5.2467E-03 5.2487E-03

Q:zuu-&i- v5.24!!’1!:-!!]

5.2487E-03  5.24878-03
5.2487E-03 5.2407E-03
5.24876-03 5.24975-D3

5.24076-03 5.24B7E-03

5.2487E-03 5.2487C-03 5.2487E-03 5. 2“7@ (X3
VERT HYD COND /THICKNESS FOR LAYER 5 WILL BE READ ON UNIT 1l USING RLOCK FORAT
1 3 4 5 & 1 8 9 18
11 13 14

A02E-07 S.GABIE-DZ 5.6402E-02

“'5.6482802 5.6482E-02

$ 6ag20o02  5.64B2E-02

482E-02 §.6482E-D2 %.6482E-02 5.G482E-D2
A62E-02 5.6482E-D2 5.6482E-02 5.6482E-02 5.6482E-02 5.64825-02 5.6402E-02 5.64028-02 5.6482E-02 5.6482E-02
492E-02 5.5462E-02 5.648208-02 §.6402E-02
ZE-02 5.6482E-02 5.6492E-02 S,.64B2E-02 5.64028-02 5.6492E-02 5.64B2E-02 5.6482F-02 5.6482r-02 5.6482E-02
402E-02 5.64B2E-02 5.6482E-02 5.6462E-02
26-02 5.64B26-02 5.6482E-02 5.6482E-02 5.6402E-02 S.6402E-02 5.G64B2E-02 5.6402E-02 5.6482E-02 5.6482E-02
402E-02 5.5482E-02 5.64826-02 5. G4BZE-0Z
402E-02 5.6482E-02 5.64B2E-0Z 5.6482E-02 5.5482e-02 5.6402E-02 5.64BZE-02 5.6482E-02 5.6402F-02 S.6462E-02
b 6“2!:—02 S$.6482E-02 5.6462E-02 5.6482E-02
aleccond. ALONG ROWS FOR LAYER 6 WILL NE READ ON UNIT 11 URING BLOCK FORMAT
1 Z i 4 5 6 1 [} 9 10
11 12 13 14
1.7220e-02 1.7220E-02 L'IIZUE'OZ l 9220E-02 1.72206-02 1.72206-02 1.7220B-02 1.72208-02 1.7220E-02 1.7220E-02
1.7220E-02 1.7220E-02 1.7220%-02 1.7220E-02
1.72206-02 1.7220E-02 1.72206-92 3.7220E-02 1.12208-02 1.7ZZ0E-02 1.7220E-02 1.7220E-02 1.7220£-02 1.7220F-02
1.7220E-02 1.7220E-02 1.7220E-02 1.7220E-0%
1.72206-02 1.7220E-02 1.7220E-02 1.7220E-02 1.12206-02 1.72206-02 L.7220E-02 1,7220B-062 1.72208-02 1.7220E-02
1.72206-02 1.7220E-02 1.7220E-02 1.7220E-02
1.72208-02z 1.72206-02 1.7220B-02 1.7220T-02 1.7220E-02 1.72206-02 1.7220e-h2 1.7220E-02 1.7220£-02 1.7220E-02
1.1220e-02 1.7220%-02 3.7220E-02 1.7220€E-02
1.72208-07 3.7220E-02 1.72208-02 1.72206-02 1.72205-02 1.7220E-02 1.7220E-02 1.7220B-02 1.7220E-02 1.7220e-02
1.7220E-02 1.7220€-02 1.7220E-02 1.7220E-02



a1

e 2
o 3
1 4
[ -1
°

I-10

OUTPUT-HI .txt

MoisCont. ALOMG HONS FOR LAYER 6 WILL BE READ ON UNIT L1 USING BLOCK FORMAT

3 4 5 6 7 L] 9 10
3 14
0.1260 0.1260 0.1260 0.1260 9.1260 0.1268 0.126€ D.1260
6.1260 6.1260
6.1260 0.12560 0.1260 0.1250 0.i260 0.1z260 0.1260 D.1260
0.1260 0.1260
0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
0.1260 0.1260
0.1260 0.1260 3.1260 ©.1260 ¢.1260 0.1260 0.1260 0.1260
0.1260 0.1260 9.1260 -
0.1260 8.1260 0.1260 0.1260 ‘.1260 £.1260 0.1260 0.1260 0.1260 0.1260
0.1260 0.1250 8.1260 0.1260
Sat Mois. ALOMG ROWS FOR LAYER 6 NILL 8 READ ON UNIT 11 USING BLOCK FORMAT
b 2 3 4 5 6 1 L] 9 i
i1 12 13 14
0.3750 0.3750 0.3750 9.3780 0.1750 0.3750 0.375 0.3750 .
0.3750 0.3150 0.3750 0.3750
D.3750 u,3150 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 02750 0.375¢0 09.3750
0.3750 0.3750 a.37%0 1.3750 0.3750 0.3750 0.31%0 6.3750 0.3750 0.3750
6.3750 0.3150 0.3750 0.3750
0.3750 0.3750 6.3750 0.3750 0.31750 2,3750 0.2750 0.3750 0.3750 0.3750
0.3750 0.3750 §.3756 0.3750
0.3750 0.3750 0.3750 03150 0.3750 0.3750 0.3750 0.3750 0.3758 0.3750
0.3750 0.3750 0.3750 0.3150
Res Mois. ALONG RONS FOR LAYER 6 WILL BE READ ON UNIT L1 USING BLOCK FORMAT
1 2 3 4 5 6 1 [} L) 12
12 3 1M

4.50008-02 4.5000E-02

4.5000E-02 4.5000E-D2
4.50005-02 4 .50008-02

4.5000£-02 4.5000E-02

4.50008-02 4. .
4.50008-02 4.5000%-02 4.5000E-02 4.5000£-02
4.5000E-02 4.5000E-0Z 4.50008-02 4 0E-32 4. 4.50008-02
4.50008-02 4.5000E-02 4.5000E-D2 4.5000E-D2

S5000E-02 4.50008-02 4. L . 4.500 4.5000E-02 4.5000E-02

5000E-02 4.5000E-02 #4.5000E-02 4.5000E-02

5000E-02  4.5000E-02 . L) 4.5 02 4. 0z 4. 02 4.500CE-02
4.5000E-02 4.50008-02 4.SODDE-02 4.5000E-02
4.5000£-02 4.5000E-02 4.SO00E-02 4.5Q0UE-02 4.50005-02 4.5000E-02 4.5000E-02 4.5000E-02
4.5000E-02 4.5000E-0Z 4.3000E-02 4.50008-02

r{lenda)} . ALONG ROWS FOR LAYER 6 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

1.3%4 1,394 1.394
1.394 1.394 1.394 1.394 1.3 1.394 1.384 1.394 394 1.394
1.394 1.394 1.394 1.394
1.394 1.354 1.394 1.394 1.394 1.394 1.394 1.394 1.3%4 1.3%4
1.3%94 1.394 1.394 1.394
1.354 1.394 1.394 1.154 1.394 1.394 1.394 1.394 1.394 1.3%4
1.39a 1.394 1.3 1.354
Exp n . ALONG ROBS FOR LAYER 6 WILL BE READ ON URIT 11 USING BLOCK FORMAT
1 2 3 4 s L] 1 1 9 10
11 12 13 14

¢ 3
o 4
9 5
o

- 0E-02 -
6.5100E-02 6. 2
6.51005-02 6.5100E-02 6.51006-02 6.5100E-D2
6.5100E-02 6.5100E-02 &.51008-02 6.3100E-02

6.51008-02 &6.5100E-02

6.5100E-02 6.51D0E-02

0:
6.5100E-02 6.5100E-02 5.51005-62 6.5100E~02 6.5100E-02 6.$100E-0Z 6.5100E-02 6.51DDE-02

6.5100E-D2 6.5100E-DZ 6.5100E-02 §.5100E-02
6.5100e-02 6.5100E-02 &.5100E-02

5.5100E-02 &6.51DDE-02 6.5100E-C2 6.5100E-0Z 6.5100E-02

6.51005-02 6.51005-02
6.5100E-02 6.5100E-02
6.5100E-02 6.5100E-02

6.5100E-02 5.5100E-02 6.5100E-02 6.5100E-02
6.5100E-D2 6.5100E~-07 6.51D0B-02 6.51006-92 6.5100£-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02
6.5100E-02 6.5100E-02 6.5100E-02 6.5100C-02
. TRANSMIS. ALONG ROWS FOR LAYER 6 WILL BE READ ON UNIT 1l USING BLOCK FORMAT
1 -3 3 4 5 € 7 L] 9 1o
11 12 13 P}

5.2487E-03 5.2497E-D3 5.2407£-03 5.2487E-03
5,24B7E-03 5.2497£-03 5.2487E-D3 5.2487E-03
5.2487£-01 5.24878-03 5.24872-0)
5.2487£-03 5.2487E-01 5.24876-01
5.24876-01 5.2487£-03 5.2407€-01
5.24072-03 5.2487E-03 5.2497E-01
5.2487E-03 5.2487E-03 5.2487E-01
5.24875-03  5.2437E-03 $.246876-03
5.24878-03 5.24478-03
5.24872-03 5.24075-03

w

5.2487E-03
5.2487p-03
5.2487E-03

5.24818-01

'$l24676°03 5 248780
5.2497€-03 5.2407E-01
5.2487E-03 5.2487E-03
5.24B7£-03 5.2407E-01

5.2487E-03  $.24876-01

5.2487€-01 5.Z487E-03
5.2487E-03 5.2487E-03
5.24876-03 5.24878-02

5.24B7E-03 5.2487E-03

5.2
5.2487E-03 5.24B7E-03
5.2497E-03 5.Z487E-03
5.2407E-03 5.2407E-0%2

5.2487E-03  5.24875-03

VERT HYD COND /THICKNESS FOR LAYER 6 WILL BE READ ON UNIT 11 USING ALOCK FORMAT

3 4
13

SleaBin 0z
5.6492E-02

N 2
E-02 5.6482E-02

5 [

02E-02

5.6482E-02 5.6482E-02
5.64825-02  5.64928-02
5.6482E-02 5,640ZE-D2
5.6482E-02 5.64825-02
5.64626-02 5.6482E-02

5.64B2E

$.64B2E-02
5.6482E-02
5.6482E-02
5.6482E-0Z
5.6482e-D2
5.6482E-D2
5.6462E-02

5.

5.64028-02

5.6482E-92

5.64822-02
[}

5.6482E~-02 5.649CE-02
5.6482E-02 §.6487E-02
5.6482E-02 5.64026-02

64
5.64B2E-02

5. 5 .6482E-02
5.6482E-D2 5.6482E-02
5.6482E-02 5.6487E-02

5.6482E-02 5.6482E-02

T L]

§.6482E-02 5.6462E-02

5.6462E-02 5.64828-02
5.64826-02 5.64902E-02
5.6482E-02 5.6482%-D2

9 bL)

$.6482E-02 S.64B2E-02
5.6482E-02 5.6482E-02
5.64B2E-D2 5.648ZE-02

5.64826-02 5.6482E-02

eleccond. ALONG RoM3 FOR LAYER 7 WILL BE READ ON UNIT 11 USING BLOCK FORMAT




o
)
o
]
0

1-11

OUTPUT-HI txt

6.5100E-02 6.5100E-02 6.5100£-02 6.51000-02

2 6.5100E-02 6.5100E-02 6,5100E-02 6.3100E-0Z 6.5100B-02 6.5100E-02 6.5100E-0Z 6.51005-02
6.9100£-07 6.51008-02 6.5100E-02 6.51D0E-D2

3 6.5100E-02 6.5100£-02 6,5100-02 6.5100E-02 &.5100E-02 6.5100E-02 6.5100E-02 £.5100E-02
6.5100E-02 6.5100E-02 6,.5100E-02 6.5100E~D2

4  6.5100£-02 6.5100E-02 6.5300E-02 6.5100E-DZ &.51006-02 6.5100E-02 6.5100E-02 6.5100E-DZ
6.5]008-02 6.5100€-02 6.8100E-02 &.5100E-D2

5 6.5100E-02 6.51006-02 6.5100E-02 6.S10BE-02 6.5100E-02 6.5100E-02 &.5100E-02 6.5180C-02

6.5100E-02 &.5100E-0Z 6.S100E-02 6.5100E-02

1.7220E-02 1.7220E-02 1,7220E-02 1.7220E-D2
2 1.72206-02 1.7220E-02 1.7220E-82 1.7220E-02 1.7220E-02 1.72ZDE-02 1.72208-02 1.7220E-02 X.72Z08-02 1.72208-02
1.72200-02 1.7220E-02 1.72206-02 1.72208-02
3 1.72206-02 1.7220E-02 1.7220E-02 1.7220p-02 1.72206-02 1.7220E-02 1.7220E-02 1.72208-02 1.72208-02 1.72208-02
1.72206-02 1.72208-02 1.7220E-02 1.7220E-0%
4 1.72206-02 1.7220E-02 1.7220E-02 1.7220E-02 1.7220B-02 1.7220E-02 1.72205-02 1.72208-02 §.7220€-02 1.72208-02
1.72208-02 1. 1. 1. 0z
5 1.72206-02 1,.7220E-02 1.72208-02 1.7220E-02 1.72208-02 1.7220E-02 1.7220E-02 1.7220£-02 L.T220E-02 1.72208-02
1.72208-02 1.7220E-02 1.7220€£-02 1.7220E-02
Woiscont. ALONG ROWS FOR LAYER 7 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
5 13 T 1 9 10
1 . £.1250 0.1260 0.1260 0.1280 0. 126 0.1260
0.1260
2 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
0.1262 $.1260
3 D.1260 0. 1260 0.1260 0.1260 0.1260 ©.1260 0.1260 0.1260
0.1260 0.1268
1 0.1250 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
0.1260 0-1260
5 0.1260 0.1260 £.1260 0.1260 0.1260 0.1260 0.1260 0.1260
0.1260 0.1260
Sat Mois. ALOMG ROWS FOR LAYER 7 WILL AL READ ON UNIT 1l USING BLOCK FORMAT
3 2z 3 4 5 8 I L] 3 10
il 12 12 14
1 0.3750 0.3750 0.3150 0.3750 8.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 ©0.3750
2 0.37150 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 8.3750 ¢.3750 0.3750
0.3750 0.3750 0.3750 8.3750
3 0.3750 0.3750 0.3750 £.3750 9.3750 0.3750 0.3750 0.3750 ©0.3750 0.3750
0.3750 0.3750 0.3750 0.3750
4 ©.3715%0 0.3750 0.3750 8.3750 2.3750 0.3750 0.3150 0.3150 £.3750 0.3750
0.3750 0.3750 0.3750 0.3750
5 0.3150 .3750 0.3750 0.375¢ 0.3750 0.37150 0.2150 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750
Ros Mois. ALONG ROWS FOR LAYER 7 WILL BEZ READ ON UNIT 11 USING BLOCK FORMAT
1 2 3 4 5 6 7 L] 9 a
1l 12 13 14
1 4.5000E-02 4.5000E-02 4. + 58008-02
4.5000E-02 4.5000E-02 4._50008-02 S000E-02
2 4.5000E-02 4.5000E-02 4.3000F-02 4. 2 4. 4. 4.5000E-02 4.5000E-02 4.5000E-02
4.5000E-02 d4.S000E-02 4.3000£-02  4.50005-02
3 4.5000€-07 &.5000E-02 4.50002-02 4.50008-02 4. 02 4. 72N 4. 4.5000E-0Z 4.30C00E-02
4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-02
4 4.50008-02 4. .50 4. 4.5000E-02 4.50005-02 4.5000E-02 4.5000E-02 4.50002-D2  4.50008-02
4.50008-02 4.50008-02 .S000E-02 4.500DE-02
5 4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-02 4.S000E-032 4,50007-02 4.5C00E-02 4. pE-02 4. 2 d.
4.5000E-02 4.50002-02 4.S00RE-D2  4.5000E-02
F{lande) . ALONG RONS YOR LAYER 7 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
6 7 L] 9 10
1 1.39%4 1.394 1.39% 1.3% 1.394
1.394 1.394 1.3%4 1.394
2 1.3%94 1.394 1.394 1.394 1.384 1.394 1.354 1.394 1.3%4 1.394
1.394 1.394 1.3%a 1.394
3 1.394 1.394 1.394 1.394 1.394 1.394 1.384 1.384 1.39a 1.394
1.35%4 1.394 1.394 1.394
4 1.3%4 1.394 1.394 1.394 1.394 1.398 1.394 1.394 1.394 1.394
1.354 1.394 1.3%4 1.394
5 1.354 1.394 1.394 1.394 1.394 1.394 1.394 1.3%4 1.394 1.394
1.398 1.396 1.394 1.394
Exp N . ALOWNG RONS FOR LAYER 7 WILL RE READ ON UNIT 1l USING BLOCK FORMAT
1 2 3 L) 5 6 7 ] s 10
11 12 13 14

6.5100E-02 6.5100E-0:

6.51008-02 6.S100E-02
6.3100E-02 6.51008-02
6.51005-02 6.51008-02

6.51008-02 6.5100E-02

TRANSMLS. ALONG RONS FOR LAYER 7 WILL BE READ ON UNIT 11 USING BLOCK TORMAT

1
11

z
H

s

2
13

7E-03
5.2487E-03 5.2487E-03 5.2487&-D3
5,2487E-03  5.24076-03 4.24872-03
5.2487€-03 L24B7E-01  5.2497E-02
5.2487p-03 5.2407E-03 5.2467€-03
5.2407E-03 5.2467E-03 5 .248%E-03
5.2487E-03 5.2487E-01 5.2407E-03
5.2467e-03 5.ZARTE-0J 5.2487C-03
5.2407£-03 5.2487E-03 5.2487£-03
5.2467E-03 $.2487E-03 5.24R7E-03

S.2487E-03 5.2487E-D3

5.2497E-01
5.24B7E-D3  5.2487E-03 $.24B7E-03
5.2487E-03
5.24B7€-03 S.2487E-03 5.2487C-03
§.2487£-03
5.24876-03 5.2407E-03 5.2487E-03
5.2407E-03
5.2407E-D2 5.2487E-03 5.2487E-03
5.2497E-02

5.2407e-D3  5.2487E-D3

5.2497E-83  $.2487E-03

5.2487E-01 5.24B7E-03

487E-D3

T24n7El03
5.24870-03  5.24876-03
5.24870-03 5.24878-63
5.24075-01 5.74978-01

5.2497E-03  5.24878-03

VERT WYD COND /THICKNESS FOR LAYER 7 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
2 3 4 5 6 T L] 9 10
11 12 12 14

. . 5. 5.6482 5. 2 5.6482E-02 5.6482E-02 5.64687E-02
. - iz 5. % 5.6482E-02

2 5.GAB2E-02 S.6462E-02 5.6482E-02 5.6462E-02 5.64826-02 5.648Z5-02 5.6462E-02 5.64€2E-02 $.64820-02 5.6482E-02
5.6462E-02 5.64B25-0Z 5.6482E-02 5.6482E-02

1 5.6482E-02 5.6402E-02 5.64825-02 5.64f 02 S. 5. 5.6492E-02 5.6482£-02 5.6482£-02 5.6482E-02
5.64B2E-02 5.6482E-02 5.6402E-02 5.6482p-02

4 5.6482E-02 2E-0Z 5.64B2E-02 S.6A@2E-02 5.6482E-02 5.648Z5-02 5.6482E-02 5.6462E-02 5.64026-02 5.6482E-02
5.64826-02 5.6482E-0Z 5.64826-02 5.6482E-02

S  5.64B2E-02 S5.6492E-02 5.GAB2E-02 5.64826-02 5.6dBZE-02 5.64B2E-02 5.64826-02 5.6402E-02 5.6482E-02 $.6482E-02
$.6482E-02 §5.64B2E-02 5.64626-02 5.64826-02



I-12

OUTPUT-H1.txt

L]
eleccond. ALOHG ROWS FOR LAYER 8 WILL HE READ ON UNIT 11 USING BLOCK FORMAT
1 2 3 L] 5 [ T L] L] 10
1 12 13 14
@ 1 1.7220E-02 1.7220E-02 1.7220E-82 1.72208-02 1.7220E-D; . 02 1.72208-02 1.7220E-02 1.7220E-07
1.72205-02 1.12206-02 1.7220E-02 1.7220E-02
6 2z  1.7220-02 1.7220E-02 1.72206-0z 1.72208-02 1.12206-02 1.72206-€2 1.72208-02 1.72206-02 1.7220E-02 1.72206-02
1.7220E-02 1.72208-02 1.T2208-02 }.7220E-02
D 3 1.72208-02 1.72208-02 1.12206-02 1.72208-02 1.1220E-02 1.7220E-07 1.72205-02 1.72208-02 1.72208-02 1.7220E-02
1.72206-02 1.7220E-02 1.72208-02 1.7220E-02
0 4 1.17200-02 1.72208-02 1.72Z0E-02 1.72200-02 1.72206-07 1.72265-02 1.7220E-02 1.72208-02 1.72200-02 1.72208-02
1.12206-02 1.72208-02 1.72206-02 1.72208-02
D 5  1.12206-82 1.72208-02 1.72208-02 1.7220£-02 1.7220E-02 1.7220E-02 1.72206-02 1.72206-02 1.72206-02 1.7220E-02
1.72208-02 1.72208-02 1,7220£-02 1.7220E-02
o
Moiscont. ALONG ROWS FOR LAYER 0 BILL BE READ OM VAT 11 VSING BLOCK FORMAT
2 3 4 3 L] ? ® v 1o
12 13 14
0 €,1260 0.1260 0.1280 €.1260 o.1260 0.1260 0.1260 0.1260 -1260
.1260 0.1260 0.1260
o 6.1260 8.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
0.1260 0.1260 9.1260
[ 0.1260 v.1260 0.1260 0.1260 8.1260 0.1260 - 0.1260 0.1260 n.1260
0.1268 0.1260 8.1260
[ o.1260 2.12560 0.1260 €.1260 0.1260 6.1260 0.1260 6.1260 0.1260
0.,1260 3.1280 0.1260
] 0.1260 0.1260 01260 0.1260 0.1260 8.1260 0.1260 0.1260 0.1260
0.1260 0.1260 0.1260 0.1260
o
sat Mois. ALONG RONS FOR LAYER B WILL BZ READ ON UNIT 11 USING BLOCK FORMAT
i z 7 § ? 10
11 12
g 1 0.3750 0.3750 0.3750 0.1750 0.3750 0.37150 0.3750
0.3750 0.37%0 0.3750
o 2 0.1750 03750 0.3750 0.3750 0.3750 0.3750 0.3750 0.1750 0.3750
6.3750 0.3750 2.3750
e 3 0.37150 2.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
05.3750 0.3750 0.37150
0 4 0.3150 £,3750 8.3750 0.3750 0.3750 0.3750 0.3750 0.3750 4.3750
2.3750 D.3750 0.3150
0 5 D0.3180 0.3750 2.3750 0.3750 0.3750 0.3750 2.3150 0.3750 0.3750
0.3750 0.3750 8.3750 0.3750
[
Res Moia. ALONG ROWE FOR LAYER 8 WILL BE READ OM UNIT 11 USING BLOCK FORMAT
1 2 3 L) 5 6 1 L] 9 10
11 12 13 14
0 _5000E-02 4.5D00E-02 4.5000E-02 4.50008-02 4,50008-02 4.5000E-02
.5000E-02 0z 4. 4.5000£-02
0 2z 4.5000E-0Z 4.5000E-02 4.50008-02 4.S000E-D2 4.50006-02 4. 4. 2 4. 1. 4.
4.5000E-02 4.50008-82 4.5000E-02 4.5C00E-02
0 3  4.5000E-0Z 4.5000E-0Z 4.50005-02 4.5000£-02 4.5000E-02 4.50008-02 4. 2 4.50008-02 4. 4.
4.5000E-D2 4.5000£-D2 4.50005-02 4.5000F-02
4 4 02 4. z 4, 4.5000F 4.50008-D2 4.5000E-02 4.5000E-02 4.50005-02 4.50008-0Z 4.5000E-02
4.50002-02  4.5000E-D2 4.5000E-02 4.5000E-02
6 S 4.5000£-02 4.5000E-02 4.5000£-02 4.5000E-02 4.5000E-02 4.50008-02 4. 2 4. 2 4 4. 02
4.5000E-02 .5000E-0Z 4. 2 4,500
0
F(landa). ALONG ROWS FOR LAYER 8 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
5 6 7 [l 9 1w
o 1 34 1.394 1.394 1.394 1.394 1.3%
0z  1.39 1.394 1.394 1.394 1.394 1.394 1.3%4 1.394 1.354
1.394 1.394 1.3%94
B3 1394 1.294 1.394 1.394 1.394 1.394 1.394 1.3 1.394
1.394 1.394 1.394
04 1.394 1.384 1.394 1.394 1.394 1.394 1.394 1,354 1.394
1.394 1.394 1,354
a5 1394 1.354 1.394 1,394 1.39 1.394 1.394 1.354 1.394
1.3%949 1.39% 1.354
L .
Exp n . ALONG ROWS FOR LAYER § WILL BE READ ON UNIT 1l USING BLOCK FORMAT
1 4 3 1 s 6 1 L] 9 10
11 12 13 14
¢ 1 6.51006-02 6.5100£-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100£-02 6.5100E-02 6.5100E-0Z §.5}008-02 6.5100E-02
6.51006-02 6.5100E-02 &.5100E-02 6.5100E-02
0 2 5.5100E-02 &.5100E-02 6.5100B-02 6.5100£-02 &.5100E-02 6.510DE-02 6.5100E-02 6.51006-02 6.5100E-02 6.5100E-82
6.5100E-02 6.5100£-02 6.5100£-02 6.51006-02
0 3 6.5100B-02 6.51D0E-02 6.510CE-02 6.5100£-D2 6.5100E-02Z 6.51005-02 6.5100E-02 6.51006-02 6.5100E-02 6.51008-02
6.5100E-02 6.S100E-02 6.5100E-02 6.5100C-02 .
0 8 &.5100E-02 6.51008-02 6.5100£-02 6.5100£-02 6.5100E-02 6.5100E-02 6.51008-02 6.51005-02 6.5100£-02 6.S100E-02
6.51006-02 6.5100E-02 6.5100E-02 6.51002-02
0 5 6.51002-02 6.8100E-02 6.S100E-02 6.5100£-07 6.S100B-02 6.S100E-02 6.5100E-02 6.5100£-02 6.51005-0Z 6.5100E-02
6.5100£-02 6.51008-02 6.31005-02 6.5100E-02
o
TRANSMIS. ALONG ROWS FOR LAYER @ WILL RE READ ON UEIT 11 USING BLOCK FORMAT
5 6 7 B 9 10
[} $.2467E-03 5 . K 5.24876-03 5.2487E-03 5.2407E-03 5.24676-01
5.2487E-03 5 5.24876-D3  5.24078-03
0 2 5.24076-03 5 §.2487€-03 5.2467£-03 5.2487E-D3 S5.2Q87E-03 5.24B7L-03 5.2467E-03 5.24872-D3 5.2487E-03
$,24976-01 5 5.24816-03 5,2487E-03
0 3 5.24878-01 5 5.2407E-01 5,2407E-03 5.2487£-03 5.2487E-01 5.2407E-03 5.24876-03 5.Z487E-03 5.2487E-03
5.2487E-03 5 5.24876-01  5.2487£-03
0 4 52407602 5 5.2487E-03 5.24B7E-03 $.2467E-D3 5.24878-01 5.24876-01 5.2487E-03 5.2487E-03 5.2487E-03
5.2907E-03 5.2487E-03 5.24876-01 5.2487£-03
0 5 5.2407E-03 5.2487E-02 7E-03 5.24076-03 $.24078-03 $.2487E-03 5.2487E-03 5.2487E-01 5.24876-03 5.24376-03
5.24678-03 5.24870-01 TE-03  5.2497E-07
0 .

VERT MYD COND /THICKWESS FOR LAYER 6 WILL BE READ ON UNIT 11 USING BLOCK FORMAT




[}
[
0
b
o

2

o

[

o
D

0
4

1
2
2
4

5

2
3
4
5

1

2
3
4

s

-1

i

1-13

OUTPUT-HI .txt

5.64826-02 S.64B2B-02 5. 5.64B2E-92 S_GAW2E-02 5.6482E-D2 5.6482F-02 5.6482E-02 5.6402E-02 5.5482E-02
5.64825-02 5.5402E-02 5.5482E£-02 5.6402L-02
5.6482E-02 5. 6‘!2!-02 5.64828-02 - 2L~ 02 5_GANZE-02 5.646ZE-02 5.64BZE-0Z S.6462C-02 5.64025-02 5.64028-02
5.6482E-02 5. 2 21
5.64B2E-02 5.5402F- ﬂZ 5. ﬁtazn—az 5 BlIZB l'l2 5.6482E-02 5.64B2E-D2 5.64B2E-02 5_6482E-02 5.6482E-02 5.5462E-02
5.6482E-02 5.BABZE-02 5.6492E-02 5.6482£-02
5.6482E-02 5.6482E-D2 5.6482E~02 5.B402E-02 5.6482E-0Z 5.6482E-02 5.6482E-02 5.5482E-02 5.64025-02 5.6482B-02
5.64B2E-02 5.6462E-02 5.64826-02 5.6482E-02
5.E402E-02 S5.64B2E-02 5.64020-02 5.6482£-02 5.6482£-02 5.6482E-02 5.69BZE-02 5.6482E-02 §.G482E-02 5.6482E-02
%.6482E-D2 5.6482E-02 5.64B2E-02 5.6482E-07
elaccond. ALONG RONS FOR LAYER 9 WILL BE READ ON UNIT 11 USING BLOCK FORMT
1 2 3 4 5 & ? L] 9 pt
11 1z 1n 14

i"'léiﬁiiﬁi"i T2208-02

bE-0z

1.72208-02 1.72208-02 1.7220E-02 1.7220E-02 1. l 'IZZﬂI—DZ 1.72208-02
1.72208-02 1.7220E-02 1.72206-02 1.7220E-0.
1.72208-02 1.72208-02 1.7220F-02 1.72208- 02 1.7220E-02 1.7Z20E~02 1.7220F-02 1.7220E-02 1.7220E-02 1.7220E-02
1.7220E-02 1.72206-02 1.72200-02 1,7220E-B2
1.7220E-02 1.71220E-02 1.7220E-02 1.7220E-02 1.7220E-02 1.72206-02 1.72208-02 1.7220£-02 1.72206-02 1.72Z0E-02
1.7220£-02 1.7220E-02 1.72206-02 1.7220E-02
1.7220E-02 1.7220E-02 1.7220E~02 1.7220E-07 1.7220E-b2 1.72206-02 1.72206-02 1.7220E-027 1,72208-02 1.72208-02
1.72200-02 1.7220E-02 1.7220E-02 1.7220E-DZ
1.7220-02 1.72206-02 1.72205-02 1.7220E-02 1.7220€-02 1.7220E-02 1.722a8-02 1.7220B-02 1.72208-02 1.7220E-02
1.7220E-02 1.7220E-02 1.7220E-D2 1.7220E-02
MoisCont_ ALONG RONS FOR LAYER 9 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 z 3 4 5 L1 7 L] 9 i0
11 12 12 14
0.1260 9.1260 0.1260 0.126D ﬂ 1260 0.1260 a. 126|1 a. 1260 @.1260 08.1260
0.1260 9.1260 0.1260 0.126¢
0.1260 0.1260 0.1260 0.1280 0.1260 0.1260 a.1260 Q.1260 f.1260 0.1260
0.1260 0.1260 B.1260 0.1260
0.1260 0.1260 0.1260 0.1260 0.1260 £.1260 0.1260 0.1260 0.1260 0.1260
2.1260 4.1260 0.1260 0.1260
0.1260 0.1260 2.1260 0.1260 0.1260 0.1260 a.1260 0.1260 0.1260 0.12&0
9.1260 0.1280 0.1260 0.1260 )
0.1260 0.1250 D.1260 0.1260 0.1260 0.12560 0.1260 0.1260 9.1260 6.1260
D.1260 0.1280 0.1260 f.1260
Sat Mois. ALOWG KONS FOR LAYER 5 WILL BE READ OM UNIT 11 USING BLOCK FORMAT
1 2 3 L] 5 L 7 8 ’ 10
1 12 13 14
0.3750 £.1750 . 755 0.3750 0.3750 §.3750
0.3750 D.3750 0. 3750
0.3750 0.3150 0.3750 0.3750 0.3750 0.3750 0.3750 6.3150 0.3750
0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 ¢.3758 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750
0.3750 0.3758 0.3750 0.3750 0.3750 0.3750 9.3750 06.3750 0.3750
0.3750 0.37150 8.3750
0.3750 0.3150 £.3750 0.3750 0.2750 0.3750 0.3750 0.3750 0.3750
9,1750 0.3750 0.3750
Rea Moia, ALONG RO¥WS FOR LAYER 9 WILL BE READ ON UNIT 11 UIING BLOCK FORMAT
1 2 1 4 5 8 7 L] 3 190
11 1z 1 14
4,500CE-02 SDDDE-DZ 4 SBDDE-HZ o q. 4 4.5000E-02
4.5000E-02 4.5000E-02 4.S000E-D2 4.5000E-02
2.50008-02 4.5000£-02 4.5000E-02 4.5000E-C2 4.3000E-D2 4.5000E-0Z 4.5000g-82 4.5000E-02 4.5000E-02 4.5000E-02
4,5000E-02 4.50008-02 000E-02 4.S000E-02
4.5000E-02 4. SDUHI-BZ 4.5000E-02 4.50006-02 4.5000E-02 4.5D0DE-0Z 4.5000E-0Z 4.5000E-02 4.5000E-02 4.5000E-02
4. 4.5 . 4.5000E-0%
4,5000E-02 4.5000E-02 4.5000E-02 4.5000E-62 4.S00CE-C2  4.5000E-02 4.50008-02 4.5000E-0Z 4.5000E-02 4.5000E-02
4.5000E~02 4,5000E-02 4.50008-02 4.5000E-02
4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-02 4.5000£-02 4.5000£-02 4.5000E-02 4.5000E-0Z 4.5000E-02 4.5000E-02
4.50006-02 4.5000E-02 4.3000E-02 4.50005-07

5 & 7 9 9 10
1.394
1. 194 1.394 1.394 1.3949 1.394 1.394 1.39 1.394 3.394 1.394
1.394 1.394 1.394 1.394
3-394 1.394 1.394 1.394 1.394 )-394 1.394 1.394 1.394 1.394
1.794 1.394 1.394 1.394 N
1.394 1.394 1.394 . 1.394 1.394 1.394 1.394 1.354 1.394 1.3%4
1.394 1.394 1,394 1.394
1.3194 1.294 1.394 1.354 1.394 1.394 1.394 1.384 1.394 1.394
1.394 1.394 1.394 1.394
Exp n . ALONG ROES FOR LAYER 9 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

1 2z a 4 5 L] 1 L] 9 10

11 12 13 14
6.5100E~02 6. 5100!:-02 6.5100E-02 6. SIDDE DZ G 51005-02 6 $100E-D2 6.5100E-DZ 6. 51005-02 5 51\!08 02 5 5100}: 02
6.5100E-02 6.5100E-02 6.5)00E-02 6.5100E-B;
6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-0Z 6.5100B-02 6.5100E-DZ 6.5100E-02 &.51008-0Z 6.5100E-02 6.3100E-0Z
6.510085-02 6,.5100E-02 6.5100E-02 6.51008-02
6.5100E-02 6.S100E-02 §.5100E-02 6.5100E-02 6.51008-0Z 6.51006-DZ 6.5100E-D2 6.5100£-02 6.5100E-02 6.5100-02
6.51008-02 &6.5100£-02 6.510CE-02 6.S100E-0Z
6.51008-0Z 6.51006-0Z 6.51008-02 &.5100E-02 6.5100£-02 6.51D0E-0Z 6.510CE-02 6.5100E-02 6.5100£-02 6.5100E-02
6.5100E-02 &.5200£-02 6.51006-02 6.5100E-02
6.5100E-02 6.5100E-02 6.5100E-02 6.S100E-D2 6.5100E-02 6.S100E-02 6.5100E-02 E.51008-02 6.51D0E-02 &.51006-02
6.51006-02 6.5100E-D2 6.5100E-02 6.3100B-02

TRANSKIS. ALONG ROWS FOR LAYER % WILL BE REAU ON UNIT 11 VIING BLOCK FORMAT

03 S ZlUTE'D

5.2487€-03 5.2 .24878-03
S.24876-071 5.ZqA7E-D) §.2467E-03

5.2497€-03  5.2487E-01  5.2487E-01 7E'DJ 5$.24872-03 5.24875-03
§.2487E-8)  5.2487E-03  5.ZAG7E-03

5.2407E-01 4.2487E-03 5.2487E-03 7!:-03 5.2487E-03 5.2487E-037
5.24078-03 5,24070-01 5.24876-03

5.2487E-03 5.2 E-01 5.2487E-03 5.2 7:—03 5.24B7E-03 5.2487E-03
5.24872-03 5.2487E-0] 5.2487E-03 .2487€-03

5.2487E-03 5.2467E-01 5.Z4B7E-03 S.2Z487E-03 5.24876-03 5.2487E-03

5. 2407E—l}.‘l 5 24!1! 03
5.2487E-03 5.2497E-03
5.24876-03 5.2487E-03
5.2487€-03 5.2487E-D3

5.2487E-03 5.2407E-03

5 ZIITE DJ 5. 24875:03
5.2467E-03  5.24B7E-03
$.24876-01 5.2487E-03
5.2487€-03  5.24878-03

5.2487E-03  5.240875-02



o

1

v 2

3
L]
5

5.2487E-03 S.2407E-03 5.2497E-03

I-14

OUTPUT-HI.txt

5.2487E-01

VERT YD COND /THICKNESY FOR LAYER 9 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

1 2 3 4 5 €

11 12 bk 14
5.64B2E-02 5. 02 5- 2 LN 5.6402E-02
5. 0z 5. 2 5 6482E-02
5.6402E-02 5.6402E-02 5 GIBZ[ 02 5.6482E-02 5.5432E-07 5.6402E-02
5.6402E-02 $.6482E-02 $.64026-02 5.6482E-02

5.6482E-02 5.6482E-02 5.6462E-02
5.6462E-02 5.6482E-02 5.6482E-02
5.6482E-02 5_GA92E-02 35,6482B-02
5.64426-02 5.6482E-02 3.G482E-02
5 6"25-!!2 5 6482€-02 5.6482E-02
2 5.

$.6482E-02 5_6432E-02 5.6482E-02

5.6402E-

5.6482E-02 5.64BZE-02 5.6437E-02
5.5482E-02

5.6402E-02 S.64B2E-02 5.64B2E-DZ

"5, 64828

5_E462E-02 5.6482E-02
5.64826-02 5.6482E-02
5_6482E-02 5.6482E-02

5.6482E~02 5.6492E-02

vIIZ $. ElGZE—BZ
5.6482E-02 5.-64B2E-02
5.6482E-02 5.6492E-07
5.6482E-02 5.6492E-02

5_64B2E-02 5.6482E-02

eleccond, ALONG ROWS ¥OR LAYER 10 WILL BE READ ON UNIT 11 USING BLOCR FORMAT

3
3

. B a2z 1 72205—02
1.72208-02 1. 7220:—02 1.72208-02
1.72208-02 1,72200-02 1.T220E~02
1.72205-02 1.1220B-02 1.7220E-02
1.7220E-02 },T2ZOE-D2 1.7220E-02
1.7220£-02 1.72206-02  1.72208-02
1.7220£-02 1.7220€-02  1.7270E-02
1.7220E-02 1,72208-02 1.1220E-02
1.7220E-02 1.72208-02 1.7220E-02
1.1220E-02 1.72208-02 1.72%0€-02

4 3 6

14
1. TZZBI:-DZ 1. 7220!: I'IZ l 1229! nz
1.72206-02
1.7220E-0Z 1.7220E-02 1.7220E-02
1.72206-02
1.72208-02 1.72208-02 1.7220E-02
1.7220E-02
1.72206-02 1.72205-02 1.7220E-02
1.7220E-02
1.7220£-02 1.7220E-02 1.72206-62
1.7220£-02

1 ';ZZI‘IS a2 1.7220E-02
1.7220E-02 1.7220E-02
1.7220E-02 1.7220E-02
1.72208-02 1.72208-02

1.72208-02 1.7220E-02

* 10

1. 722(![ ﬂZ 1 TZZBE-DZ
1.72Z0E-02 1.7220E-02
1.72208-02 1.7220£-02
1.7220E-02 1.7220E-02

1.72208-02 1.7220B-02

%oisCont, ALONG RONS FOR LAYER 10 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

L} 3 [
M
0.1260 0.1260
0.1260
0.1260 0.1260 £.1260
0.1260
0.1260 0.1260 0.1280
0.1280
0.1260 1.1260 0.1260
G.1260
0.1260 0.1260 0.1260
0.1268

0.1260 0.1260
0.1260 0.1260
§.1250 0.1260
0.1260 9.1260

s 10

TUalized’elizea
n.1280 0.1260
0.1260 0.1260
0.3260 0.1260
©.1260 0.1260

Mois_ ALONG RONS FOR LAYER 10 WILL BE RERD ON UNIT 11 USING BLOCK FORMAT

4 5 6
14
0.3750 0.3750 0.3750
0.3750
0.1750 4.3750 2.31750
1.3750
0.3750 0.3730 0.3750
€.2750
0.3150 0.3750 0.3750
0.3750
0.31730 0.3750 0.3750
0.3750

1 L]
ao3m0 " alaase
£.3750 0.3750
0.3750 0.37%0
0.37150 43750
0.3750 0.37%0

9 1¢
SRR R
0.3750 0.3750
8.3750 €.3750
4.3750 0.3750
0.2750 0.3750

Mois. ALONG RONS FOR LAYER 10 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

1 2 3

11 12 13
0.1260 0.1260 0.1260
0.1260 0.1260 0.1260
0.1260 0.1260 0.1260
0.1260 0.1260 0.1260
0.1260 0.1260 0.1260
0.1260 6.1260 0.1260
5.1260 £.1260 0.1260
0.1260 £.1260 0.1260
0.1260 8.1260 0.1260
0.1250 0.1260 09.1260
fat

1 2 3

11 1z 13

750 g.3750 0.3150

6. 3"5!1 09.3750 4.3750
0.31750 0.3750 D.3750
2.3750 0.37%0 0.3750
0.3150 0.3750 2.3150
0.3750 0.3750 0.3750
6.3750 0.3750 0.3750
0.375¢0 0.3750 0.3750
0.375¢ 4.3759 0.3750
$.3750 8.371510 0.3750
Res

1 2 3

11 12 13

[
0
0
0
[}

1)

0
L
L]
L)

1
I
3
4

s

i

2

3

4

5

"3lS000E-02 " 4/S000E-02 4 5000E-42

4.5000E-02 4.5000E-02 4.5000E-02
4.50002-02 4.50005-02 4.5000E-02
4.5000£-02 4.50002-02 4.5000E-02
4.5000E-02 SU00E-02  4.50006-02
l 5000k~ ﬂZ 4. 50005-02 4. 5nuu:—u2

4 snnn:—nz 4.5000E-02 l.SBﬂﬂS—M
4.5000E-02 4.5000E-02 4.3004E-02
4.5000£-02 4.5000E-02 4.5000E-0Z2°

a 5 6 ? L] $ 10

14
4.5000E-02 4.5000E-02 4. E- .500\1 4.5000E-DZ 4.50008-02
4.5000£-02
4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-D2 4.5000E-0Z 4.5000E-D2
4.5000E-02

4. 4. 4.5 4. 4.5000E-02  4.5000%-02

B 4. 4.5000E-02 4.S000£-0Z 4.5000E-02 4. 0z 4. 8
4.500DE-02
4.5000E-02 4.S000E-02 4.5000E-02 4. L' 4. 4. 4.5000E-D2
4.5000E-D2

F(landa) . ALONG RONS FOR LAYER 10 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

1 ®

O PRI T I
1.390 1.354
1.394 1.384
1.394 1.394
1.304 1.394

9 10
TTil39 1.3%4
1394 1390
1.394 1.394
1394 1.394
1.394 1.394

iz
6.5100E-02 6.510AE-82 6.5100E-02
6.5100€-02 6.5100£-02 6.5100E-02
6.51000-02 €.5100E-02 6.5100E-02
6.5100E-02 6.5100E-02 6.51008-02
6.51006-02 &.5100E-02 6.51006-02
6.51006-02 6.5100E-02 6.5100E-02
6.5100E-02 6.5100E-02 6.51008-02
6.5100E-02 6.5100E-02 6.5100E8-02
6.51008-02 6.31005-02 6.5100E-02
6.5100E~02 &§.51005-02 6.5100E-02

6.510DE-|
6.5100E-02
6.5100E-02 6.51008-02 6.51006-02
§.51008-02
6.5100B-02 6,51006-02 6.5100E-02
6.5100E-02
6.5100E-02 6.31005-02 6.5100E-02
6.5100E-02
§.5100E-02 6.5100E-02 6.51D06-02
6.5100E-02

5

6.51006-02  6.51005-02

.5100E-02 6.5100E-02
6.5100E-02 6.5100E-D2
6.5100&-02 6.5100E-02

6.5100£-92  6.5100E-02

&.51006-02 " 6.51006-02
6.51008-02 6.5100E-02
6.51008-02 6.3100E-02
6.51008-02  6.5100-02

6.51005-02 6.5100E-02

TRANSMIS. ALONG ROWS FOR LAYER 10 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

3
13



[}
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I-15

OUTPUT-H1.txt

#.51006-0Z 6.5100E-02 &.5100E-02 6.51008-02

S 24.7;—01 .'l ZIUTE‘DJ 5.2407E-03 S.Zli'll}-ll] 5.2487E-03 5 Zdl'll:-l‘)i 5 Z407E-03  5.24 75-03 S 24!'": 03
$.24872-03 5.24875-03  5.24878-03
5.2497¢-03  5.24687E-03 7E-03 5.2487E-03 S5.2487E-03 5.2487£-03 §.24876-01 5.2487E-03 5.24875-03
5,74B7E-03  5.2487E-03 7E-03
5.2487£-33 5.2487C-03 7€-03 5.24676-01 5.2407E-03 5.2487€-03 $.2497E-03 5.2407E-03 5.2487E-03
5.2487£-03  5.2487€-02 TE-03
5.24870-03  5.2487L-03 72-03 5.2487E-03 §.2487E-03 §.2497£-03 5.2407E-D3 5.2487E-03 5.2487E-03
5,2407E-03  5.2497¢-02 4072-03
5.24 1] 5.24076-03 5.2467E-03 S.24H7E-03 S.2437E-03 S§_24876-03 5.24€7E-03 5.2487E-03
5.2407E-03 5.2497E-03 5.24R7¢-03
Fof LAYER 10 WILL BE READ ON UNIT 11 V3ING ELOCK FORMAT
1 5 6 1 L] L 10
11
5.6482E-02 L 5.6482E-02 5.64B2E-D2 +6482E-02 28~ 62 5 64022 BZ
$,6482E-02 5 ﬁuz:—az 3. 6“2!—02 5. sauzE-02
5.64025-02 5 GAN2E-02 5 SABZE-62 5.5482E-02 S5.6402£-02 S.54B2E-0Z S.6482E-02 5.4482E-02 5.6402E-02 35.64426-02
5. 64025-02 ﬁ 64.1!‘.-02 5 GIIZI-HZ 5 6AB2E-02 5.6402E-02 S.64BZE-D2 5.6432E-02 $.6482E-02 5.64B2E-02 5.6482E-02
$.64625-027 S5.6482E-02 5.6482E-02 5.6402E-07
5.6482E-02 5.64P7E-02 5.6402E-01 5.6482E-02 5.6482E-02 5.6492E-02 5.6402E-02 5.648ZE-02 5.6482E-02 5.6482E-02
5.6482£-02 5.6482E-02 5.6482E-02 5.6482E-02
$.6482E-02 5.6482E-02 5.6482E-02 5.6482E-02 5.6462E-02 5,6482E-02 5.64025-02 5.6462E-02 5.6482E-02 5.6482E-02
5.6482E-02 5.640ZE-02 5.64820-02 5.6482E-02
aleccond. ALOMG ROWS FOR LAYER 11 WILL BE READ ON UNIT 11 UJING BLOCK PORMAT
1 2 4 5 ] 7 [} L] 10
11 = 14
1 722!! b2 1 72208-"2 J. 722“:—02 X TZZUE-DZ 1. 722“!-02 1. TZZUE-DZ l 12205-02 1.7Z20E-02 1.7220E-02 1 72205-!12
1.7220E-02 1.7220£-52 1.T220E-02 1.7T2Z0E-0Z
1.7220E-02 1.1220E-02 1.72205-02 1.7220E-07 1.7220E-02 1.71220E-02 1.7220E-02 1.72208-02 1.72208-02 1.12208-02
1.72208~02 1.72206-02 1.7220E-0Z 1.7220E-02
1.7220€-02 1.72208-02 1.7220E-02 1.7220B-02 1.7220E-02 1.7220E-02 1.7220E-02 1.722068-02 1.7220E-02 1.7220E-02
1.7220£-02 1.72208-02 1.7220E-02 1.7220E-02
1.92z02-02 1.7220E-02 1.7220E-02 1.7220E-02 1.7220E-02 1.7220E-02 1.7220E-02 1.7220E-0Z 1.7220E-02 1.7220E-02
1.7220E-02 1.7220E-02 1.72200-02 1.7220£-02
1.7220E-02 1.72200-02 1.72206-02 1.72208-02 1.7220E-02 1,7220E-0Z 1.7220E-02 1.7220E-02 1.7220E-02 1.72206-02
1,72208-02 1.7220E-02 1,72208-02 1.72208-02
MoisCont. ALONG ROBS FOR LAYER 11 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 2 3 4 5 L] 7 ® v 10
11 12 13 19
0.1260 I'l 1260 0.1260 b.1260 - .1260 0.1260 0.1263 0.1260
0.1260 0.1268 ¢.1260 0.1260
0.1260 6.1260 0.1260 0.12560 0.1260 0.1260 9.1260 0.1260 8.1260 8.1260
0.1260 0.1260 0.1260 0.1260
0.1266 D.1260 0.1260 0.1260 0.1260 ¢.1260 0.1260 0.1260 0.1260 0.1260
0.1260 0.1260 0.1260 0.1260
0.1260 0.1260 81260 0.1260 0.1260 0.1Z60 0.1260 D.1260 ©¢.1260 0.1260
0.1260 0.1260 0.1260 C.1260
0.1260 0.1250 0.1260 0.1260 0.1260 D.1260 0.1280 0.1260 0.1260 8.1260
D.1260 0.1260 0.1260 ©.1260
Sat Mois. ALONG ROWS FOR LAYER 11 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 2 3 4 3 ] 7 L] 9 10
11 12 13 1
0.3750 0.3750 9.1750 0.3750 !.3750 0.3750 a. 375!1 0 3750 2.3750 £.3750
0.3750 1.3750 2.37150 8.3150
.3750 0.3750 D.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3150
0.3750 0.3750 0.3750 0.375
0.3750 0.3750 D.3750 6.2750 0.3750 0.3750 0.315¢0 0.3750 2.3750 £.3150
0.3750 0.3750 0.3150 0.3750
1.3750 0.37150 £.37%C 0.3750 ¢.1750 0.37150 8.3150 0.3750 0.3750 0.3750
0.3150 0.3750 0.3150 0.3750
0.3150 0.3150 0.3750 0.3750 €.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 2.3750 0.3750
fes Moiz. ALONG RONS FOR LAYER 11 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 2 3 1 5 & hl ] 9 10
11 12 13 14
‘snonu I'IZ i SDDDE 02 4 0 4. 0] -5000E-02
4.5000£-02 4.5 02 2
4.50005-02 4.5000E-02 ‘ 5\1005-02 l 500"!—02 4.5000E-D2 4.5D00E-02 4.5000£-0Z 4.S00DE-D2 4.5000E-02 4.5000E-02
4.5000E-02 4.5000E-02 4.5000E5-02 S0COE-02
4.5000E-02 4.50002-02 4.5000E-02 SO0UE-62 4.S$000E-02 4.SCO00E-02 4.S000E-0Z 4.5000E-02 4.5000E-02 4.5000E-02
I 5000E-02 ‘ S000E-02 4 SU00E-02 SOO0E-62
2 62 S000E-07 4.5000E-02 4.5000E£-02 4.S000E-0Z 4.5000E-02 4.5000E-02 4.5D00E-D2
l $000€E-02 l 500#!8-02 4 !ﬂnﬂl: 02  4.5000E-02
4. 02 4.5000B-02 4. 4.5000E-02 4. 4.5000E-02 4.5000E-02 4.5000E-02
4.5000E-02 ‘.Sﬂﬂﬂl-BZ l QIIDI]!}-I'IZ 4.5000E-62
F(lauda) . ALONG RO®S FOR LAYER 11 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 z 3 4 5 (] 7 L] 3 10
11 12 13 14
1.394 1.394 1.394 1.394 1.394 1.3%4 1.3%4 1.394 1.394 1.394
1.354 1.194 1.394 1.394
1.3%4 1.384 1.394 1.394 1.394 1.394 1.394 1.394 1,394 1.394
1.394 1.194 1.3%4 1.394
1.394 1.394 1.394 1.394 1.394 1.394 1.394 1.394 1.394 1.394
1.394 1.3%4 1.394 1.394
1.3%4 1.394 1.394 1.194 L.194 1.394 1.394 1.3%4 1.394 1.394
1.394 1.394 1.1354
1.394 1.3%4 1,394 1.394 1.394 1.3194 1.394 1.394 1.3%4
i.394 1.394 1.3%4
Exp n . ALONG RO#S FOR LAYER 11 WILL BE READ ON UKIT 11 USING BLOCK FORMAT
1 2 3 4 E 6 1 1] » 10
11 1z 13 14
6 SIODI‘. 02 6 5)&0:—02 6. SIUBPUZ G.H.UUB' 2 N ~ﬂZ 6 51008-02 6.5100E-02 6 5100!?“2
6.5100E-02 6.5100E-02 6.5100E-02 &.5100E-02
6.51D0E-02 6.5100E-0Z 6.5100E-02 &_$100E-CZ 6.5100£-02 &.5100E-02 &.S10CE-02 6.51008-02 6.5100£-02 6.51005-02
6.51D0E-02 6.5100E-02 6.5100E-0Z 6.5100E-02
6.5100B-02 6.51008-02 6.5100E-02 6.5100E-02 6.S100E-02 6.51008-02 6.5100e-42 6.51006-02 6.5100E-02 6.51008-02
6.5100E-02 6.5100E-02 6.51006-0Z 6.51005-02
6.5100E~02 6.5100E-02 6.51C0E-0Z 6.51005-02 6.3100E-02 6.5100E-DZ 6.5100E-0Z 6.3100E-02 6.5106E-02 §.5100E-02



I-16
OUTPUT-HI txt

6.5100£-02 6.5100E-02 6.5100E-02 6.5200E-02 6.51D0E-02 6.5100E-02 6.5180E-02 6.51006-02
6.5100E-02 6.5100%-02

@ § 6.51008-02 6.5100E-02

6.5100E-02 6.5100E-02

TRANSMIS. ALONG ROWS FOR LAYER 11 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

1 2 3 4 5 [] ? B 9 10

14

13

$.24996.03 5 2487803 5.24876°03 5.24676-03 5.

5.Z487E- 5 :Z

7E-03 5.2487E-B3

5.2487E-03 5.2447E-03 5.24€7E-03 5.2487E-03
o2 5.2487E-03 5.2487E-03 5.2487E-03 §.2497E-03 5.24875-03 §.2487E-03 5.2407E-03 5.24B7E-03 5.24876-D3 5.24087E-03
5. TE-02 5.2487E-03 S. 7E-03 5.2487E-03
D 3 5.24B7E-03 5.248TE-D3 5.2497E-03 5.24975-03 $5.2487E-03 5.2487£-03 5.2487E-03 5.2487e-03 5.2487E-03 5.2407€-D3
5.2487E-03 5.248TE-03 5.2487E-03 5.2487L-01
0 4 5.2487E-03 5.2481-03 5.Z497E-01 S.24R7E-03 S.2407E-03 5.24876-03 5.2467E-33 S5.Z487E-03 5.2487E-03 5.2487E-03
5.2487E-03 S.Z487E-03  $.2487E-03 5.2407L-03
0 S 5.2487E-03 5.2487TE-03 5.Z4BTE-D3 S.2487E-03 5.2407E-03 5.2487E-01 S.2487E-03 5.2487E-83 5.2487E-03 5.24875-03
o 5.24878-03 5.24076-03 S.24875-03 5.2487E-03
VERT HYD COND /THICKNESS FOR LAYER L1 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
5 6 k] & 1] 1o
- B . 2E-02 5.6482E-0Z 5. 2E-0 L] 5. 26
5.64B2E-02 5.640ZL~0D2 S_64B2E-02 §.64826-02
0 2 5.6482E-02 5.6482L-02 5.64B2E-02 5.648ZE-DZ 5.64026-02 5.64826-0Z 5.6482E-07 5.64028-02 5 -G4HZE-02 S5.6482E-02
S.64B2E-02 5.64925-02 5.6482E-02 5.6482K-02
0 3 5.6482E-02 5.6492E-D2 5.6402E-02 5.64826-02 5.64826-02 5.6482E-02 §.6462E-07 5.6482B-02 5 .64BZE-02 5.6482E-02
5.6482E-02 5. E-02 5.6482E-02 5.6482E-02
0 4 5,6482E-02 5. E-02 5.6482E-02 5. 02 5. 2 5. 2 5.64826-02 5.6402E-02 S5.6462E-02 5.5482E-02
5.6482E-02 5.64BZE-02 5.6482E-02 5.648ZE-02
0 5  5.64B2E-02 5.64B2E-02 5.6492E-02 5.6402E-02 5.6482E-02 5.6482E-02 $.6482E-02 5.6402E-02 5.64620-02 5.64928-02
5.6482E-02 5.64826-D2 5.6482£-02 5.6482E-02
1]
eleccond. ALONG ROWS ot LAYER 12 WILL BE READ ON UNIT 11 USING BLOCK FORAT
1 2 3 4 3 6 7 L] L] 10
11 1z 13 14
D1 1.72206-02 1.7220E-02 1,7220E-02 1.7220E-02 1.72206-02 1.72206-02 1.7220E-02 1.7220B-02 1.7220B-02 1.72206-02
1.72206-02 1.72208-02 1.7220E-02 1.7220E-02
D 2 1.12208-02 1.7220E-D2 1.7220E-02 1.72208-02 1.7220E-02 1.7220E-02 1.92202-02 1.7220E-02 1.7220£-02 1.1220E-02
1.12208-02 1.7220E-02 1.7220E-02 1.7220E-02
0 2 1.72208-02 1.72208-02 1.72208-02 1.7220E-02 1.7220E-02 1.7220E-02 1.72208-02 1.7220B-02 1.72208-02 1.7220E-02
1.7220E-02 1.7220E-02 1.7220E-02 1.7220%-0Z
LU 1.72206-02 1.7220E-02 1.7220E-D2 1.72205-02 1.72208-02 1.7220£-02 1.7220E-02 1.7220E-02 1.7220B-02 1.7220E-02
1.72208-02 1.7220£-02 1,7220E-02 1.7220£-02
0 5 1.7220B-02 1.7220E-02 1.7220E-02 1.7220E-02 1.72208-02 1.72206-02 1.7220E-02 1.7220E-02 1.72200-02 1.7220E-07
1.7220E-02 1.72208-02 1.7220E-02 1.7220E-02
[
HoisCont. ALOMG ROSS FOR LAYER 12 WILL BE READ ON UNIT 11 VSING BLOCK FORMAT
€ 1 8 L] 12
¢ 1 D.1260 9.1260 - 0.1260 0.1260 0.1260 0.1260 0.1260
0.1260 D.1260 0.1260 0.1260
¢ 2 0.1260 8.1260 8.1260 0.1260 0.1260 0.1269 0.1260 6.126D £.1260 0.1260
0.1260 0.1260 0,1260 o.1288
03 0.1260 0.12560 0.1260 8.1260 0.1260 0.1260 D.1260 0.1260 0.1260 0.1260
0.1261 1260 0.1260 0.1260
0D 4 0.1260 0.1260 D.1260 8.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1280
0.1260 0.3260 0.1260 0.1260
0 5 0,1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
0,1260 b.i260 D.1280 0.1260
0
sat Mois. ALONG ROWS FOR LAYER 12 WILL AE READ ON UNIT 11 USING BLOCK FORMAT
1 2 El 4 5 6 1 B 9 ae
11 1z pE] 14
B 1 6.37s0 0.3750 0.317%0 0.3750 0.3750 §.3750 0.375¢ 0.3750 0.3750 £©.37150
03750 0.3750 0.3750 0.375!
D 2 0.3750 £.3750 0.3730 0.3150 0.3750 0.37150 2.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.37%0 0.3750
o 3 0.3750 0.3750 0.3750 0.37150 0.3750 0.3750 0.3150 0.3750 0.3150 0.3750
0.375C 0.3750 0.3158 0.375
6 4 0.3750 0.3750 0.375¢ 0.3150 0.3750 £.3750 0.3750 0.3758 0.3750 0.3750
0.3750 0.3750 8.3750 0.3750
o5 D.3750 8.3758 ©.3750 €.3750 0.37150 £.3150 0.3750 7.3750 0.3750 0.3750
0.3750 6.2750 0.3750 0.378
o .
Res Mois. ALONG RONS FOR LAYER 1Z WILL BE READ OM UNIT 11 USING BLOCK FORMAT
i 2 3 4 5 L 7 L] 9 i
i1 12 13 14

-5000E-02 52" 4 50008702 4.50008-02

00K-02

4:&!""!!—02

4. 1. -
oz 4.5000E-02 4.5000E-02 4.5000E-02 4.3000£-02 4.SC00E-0Z 4.5000F-02 4.S000E-02 4.5000£-0Z 4.5000E-02  4.5000E-02
4.5000E-02 4_5000E-02 4.5000E-02 4.5000E-02
0 3  4.5000£-02 4.5000E-02 4.5000E-02 4.50008-02 4.50006-02 4.50008-02 4.5000£-02 4.5000E-02 4.5000E-02 4.5000E-02
4.5000E-02  4.500DE-D2  4.5000E-02
o4 4.50008-02 4.5000€-02 d.5000%-02 4.5000E-02 4.5000E-02 4.5000€-02 4.5000E-0Z 4.5000E-02 4.5000E-32
4.50008-02 4¢.5B00E-D2  4.5000E-02
9 5 4.5000£-02 4.5000E-02 4.50008-0Z 4.5000E-02 4.5000£-02 4.50002-02 4.5000E-0Z 4.5000E-02 4.5000E-02
4.5000B-02 4.5000F-02 4.50006-02 4.5000£-02
o
Filemdn). ALOWG ROWS FOR LAYER 12 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 2 3 4 5 b 1 b 9 10
11 12 13 14
a 1.394 1.399 1.394 1.394 1,394 1.394 1.394 1.394 1.394
1.3%4 1.3%4 1.304
oD 2 1.394 1.39¢ 1.3 1.354 1.3%4 1.394 1.394 1.394 1.394
1.394 1.394 1.394
a3 1.3%94 1.3%4 1.394 1.3%4 1.394 1.394 1.294 1.394 1.394
1.394 1.3%4 1.384
o4 1.394 1.39¢4 1.394 1.394 1.3%¢ 1.394 1.394 1.394 1.394
1.394 1.394 1,394
o5 1.394 1.3%4 1.3%4 1.394 1.324 1.394 1.394 1,394 1.394
1.394 1.394 1.31%4
a
Exp n . ALONG RONS FOR LAYER 12 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 2 3 1 5 ‘e i 8 s 1



I-17
OUTPUT-H1 txt

.51008-02 6. hiiboeAes e 61006-02 6.5100E-03 65700803 6.41006-0 §.5100E°02  6.S1006°02 & 5166262
6.51006-02 6.510DE-0Z 6.5100E-02 6.51008-02

o 2z 6.51006-0z 6.510DE-U2 6.5100E-02 €.5100E-02 6.5100E-D2 6.51006-02 6.51008-02 6.51008-02 6.51006-02 6.51005-02
0

o

6.51006-02 6.5100E-02 6.5100E-C2 &.5100E-0%
3 6.5100E-02 6.5100E-02 6.51006-02 6.5100E-02 6.5100E-02 6.5100E-02 6.51008-02 6.5100E-02 6.5100E-02 6.5100E-82
6.5100Z-02 5.5100£-02 6.5100E-02 6.5100E-02 .
0 4 6.51006-02 6.5100E-02 6.51006-02 &.5100E-0Z 6.5100E-02 6.5100E-02 6.51006-02 6.51008-02 6.5100E-02 6.5100E-02
6.5100E-02 6.5100E-02 6-5100E-02 6.5100E-02
0 5 &,5i008-82 6.5100£-02 6.51008-02 6.5100E-22 #.S100E-02 6.5100E-02 6.5100E-02 6.51D0E~02 6.51006-02 &5.5100B-02
6.5100£-027 6.S100E-62 6.31D0¥-0Z 6.5100E-D2

]
TRANSMIS. ALONG ROSS FOR LAYER 12 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
z 3 4 5 [ 7 8 s 10
12 13 14
'y TSI2ARAESR3TTS 2ARTE-0Y TS Paeiestd SI2a87E 03 S 24076003 !
5.24876-03 $.2487E-03
[ 5.2487E-01 5.2407E-D3 5.74676-03 5.2487E-01 5.Z4876-03 5.2487E-03 5.24876-03 5.2487E-01 5.2487E-01 5.24875-01

5.2487E-01 5.2 E-03 5.2487E-03 5.2487E-03

[ ) 5.2487E-03 5.2 6-03 5,2467E-03 « 7E-D3  5.24875-03 5.20ATE-D3  5.24072-03 5.2487E-03 5.2407E-03 5.2487E-01
5.2487£-01 5.2407€-03 5.2497C-93 5.Z487E-01

0 4 5.2487E-03 5.2487£-03 $.2487E-03 5.2487E-0] 5.2487E-03 5.2487E-U3 5.2487-03 5.2487E-D1 5.2487E-03 5.2487E-03
5.2487E-C3 5.748TE-03 5.2407E-03 5.2487E-03

0 5 5.2407E-03 5.2487E-03 5.2487E-03 5.24876-03 S5.2dU7E-03 5.2497E-03 5.2487E-03 5.2487E-03 $.2487£-03 5.2487E-02

5.2407E-03 5.2407E-03 5.Z4B7E-0) 5.2407E-03

¢
SOLUTION BY PRECONDITIONED CONGUGATE GRADIENT

0 MAXIHUM TTERATIONS ALLOSED FOR CLOSURE = 50

HEAD CHAMGE CRITERION FOR CLOSURE = 0.1000CE-U2

MAXIMUM ALLOSABLE RESIDUAL ERROR FOR CLOSURE = 0.0000CE+RD

1 STREYS PERTOD BO. 1, LENGTH = 4485600,

NUMBER OF TIME STEPS = 1

MULTIFLIER FOR DELT * 1.000

INITIAL TIME 2TRP 3IZE = 4485600,

18 ITERATIONS FOR TIME STEF 1 IN STRES1 PERIOD 1
OHEAD/DRANDOWN PRINTOUT FIAG = 1 TOTAL BUDGET PRINTOUT FLAG = B CELL-BY-CELL FLOW TERM FLAG = 1
QOUTPUT FLAGS FOR ALL LAYRRS ARE THE SAME:
DRANDOSN

WEAD  DRAWDONN HEAD
PRINTOUT FPRINTOUT SAVE  SAVE
1 v 1 0
1 HEAD IN LAYER 1 AT ENO OF TIME STEP L IN $TRESS PERICO 1
1 2 3 a s 6 7 ® ’ 1 1n 12 13 )
pTiT  ieas Canie Tavie aeteSozesilee siel3.3sTS1.12  Salva adiie AL 212 ezsa
b 2 47,69 4g.84 50.26 S51.88 SI.61 55.39 §1.1Z 58.74 60,16 6131 62,13 62.55
b3 7,68 .83 50.26 31,87 S53.6L 55.35 S51.13 30.74 60.17 6132 6213 62.85
v 4 : ales 4 50026 #8  53.61 85,39 87.12 S8.74 60.16 61,31 &2.13 ©62.55
D 5 46.46 46,88 41.69 40 50,36 51.88 5361 5538 S51.12 5014 60.16 6131  62.12 62.54
1 HEAD TN LAYER 2 AT EMD OF TIME 4TEP 1 IN STRESS PERICD L
1 2 3 4 s 5 " ] 9
01T aalen T Taslas Taslas eile’ Taela 53045 5555 57,60 $9.53 61.24  62.65 63. T
B 2 44,76 45.30 46,33 #7.75 49,47 5S40 51045 5535 57,60 39.83  61.25 62.61 €3.70 64.24
D 3 4413 43.28 46.31 47.74 45.46 51.40 S3I.45 5555 57,60 59.54 6126 62.69 K372 64.27
0 4 4476 5.3 4613 19047 51.80 53.45 55.55 S7.60 59.83 61.25 62.67 63.70 64.24
D S 4480 A5.37 4615  47.76 49.47 51.40 53.45 55.55  57.60 3053 6l.24 6.6 63.67 64.20
1 MEAD IN LAYER 3 AT END OF TING STEP 1 IN STRESS PERIOO 1

pt}

1 2 3 4 5 6 1 ]

"$30137 " slet ad
53.13  $5.87

13 61.16 63.56 85.63 67.22 66.12

2 53.13  55.87 61.14 63,59 65,70 €7.36 66.31

3 93.13  55.97 61.16 63,56 65.63 67.22 68.12

1.1 41.98 43.47 43.35¢  A1.B6 50.44  53.13  55.87 $0.56 61.14  63.50 65.53 67.06 €7.69
HEAD IN LAYER 4 AT END OF TIME STE? 1 IN STRESS PERICD 1

. 5 [ ’ ® ’ n I
0 i "36.28 s . T TUEsa Tes.9e 014 1275 1432
0z 3.8 3443 ez sl 56.33 63.62 6708 031 1357 15.62
03 s s Al66 45,31 40.98 37.66 S6.34 60.02 63.68 67.34 70,96 7.4 77.48
D 4
)
1

33.38 15.43  3@.43 4l1.82 45.38 49.00 52.67 56.33 60,00 83.62 67.18  T0.57 73.57 15.62
34.68  36.25 39.96 42.02 d5.46 49.04 52.67 56.33 $9.96 63.54 66.98 TO.1d  T72.75 74.32
HMEAD IN LAYER S AT END OF TIMGC STEP 1 IN STRESS PERIOD 1

1 2 3 1 5 6 " [ s 10 1 12 1 1
25, a@n’ ’ “eeidd il Tasiez ez ealad
25154 42,56 66,44 1157 718 €346 §9.77
20.21 36,93 42.39 66,61 12.01 78176 873 109.00

25.54 31.82 37.43 42.56 56. 66.44 11.57 77.18 63.46 89.77
28.73  33.18  I1.97  42.77 47,50 52.17 56.83 61.50 66.23 71.03 75.82 €0.27 E3.43
HEAD IN LAYER 6 AT EM0 Of TIME 3TEP 1 IN 3TREY) PERIOD 1

1 2 3 4 s € ? [} 9 16 11

1

2 15.62 21.79 28,50 34.01  40.71
3 0.00 17.0% 34.29  40.83
4
5

68.29 74.19
21.46 24.8% 26.8% 15.39 40.94 A6.41 S51.B1  57.19 62.59 66.086 73.61 75.11  84.11 e1.54
MEAD IN LAYER 7 AT END OF TIME STEP 1 IN STRESS PERICO 1

15.62  21.7% 34.B1 40.71 46.11 5L.79 5T.Zi 62.€7

1 2 3 4 5 [ 7 L] s 10 11 12 13 14

161 TR 2 dae anles a5 87 Tralel s & aslos’
1448 20043 2718 33.64 3087 4578 5161 5739 s32z 1536 BLlES ST 9alss

o 1

9 2

0 3 9.00 16.03 25.72 33.15 39.65 45,72 51.5% 57.41 63.28 69,35 75.85 93.2d 92.97 109.00
L]

L)

b3

14.45 20.43 27.1%  331.64  39.02 45.18  51.81 57.39 63,22 49.10 75.36 91.85 98.57 94.55
19.51  23.35 28.47  34.19 40.05 15.87 51.863 51.37 463,13 &8.95 74.81  80.%1 A5.65 89.09
MEAD IN LAYER 8 AT END OF TIME STEF 1 IN STRESS PERICO 1

1 2 3 4 5 6 1 " 9 10 i1

190747720017 60300 Taales 39092

9" TdMle0 " TE1an Tealzl esion 14096

01 KTENT] X
0 2 14.33 20.29 26.99 31.49 3%.70 45.70 $1.50 57.42 63.30 69.30 75.51 82.01 €6.71 94 .67
D 31 0,00 15,92 25.57 33.00 38.53 45.64 S1.57 57.41 6336 69.47 76.00 83.43 53.06 109,00
0 4 14.33 20.2% 26.99 33,48 3%9.70 45.70 $1.56 57.42 3.3 6930 15.51 82.01 88.71 94.67
05 19.74 237 26.30 34.04 39.92 a5_79 51.60 57.40 63.21 69.08 14.96 80.70 §5.83 89.26
1 HEAD IN LAYER 9 AT END OF TIME STEP 1 IN STREYI PCRIOD 1
L 2 1 . 5 6 7 5 » 1 n 12 13 19
1 0t 40,51 Tasiia’ siivz size P T R P TR T I T R

o1 62. 45 T4. 9.72
o2 15.19  z1.26 21.93 40,28 46.D5 S1.70  57.30 42.95 68.72 74.72 E1.07 §7.74 92.81



I-18

OUTPUT-HI txt

o 3 .00 16,65 26.45 31.718 40.1% 45.99 51.68 57.32 61.01 68.95

D 4 1519 21,26 27.93 34.28 40.28 4605 S1.70 57.30 6235 €4.12

[ Y 20.87 24.27 9 34.84 40.51 46.14 51,72 37.28 62.06 68.49
1 IR LAYER 10 AT ENb oF TINE STEP 1 IN S$TRESS PERTCD 1

1 2 3 4 10

[ L k o1 iers aales asls Tdilse 8302 e2uom €7.15

vz 18.14 24.27 10.52 36.26 41.65% 46.8% 51.96 57.04 62.15 §7.35

8 3 f.00 19,23 29.02 35.719 41.49 46.79 51.94 37.06 &2.21 67,51

© 4 1mila 24,27 30,52 36.26 41.65 46.85 S1.96 57.04 62,15 67.3%

0 5 24.1% 21.29 3.0 36.78 41.3% 46.82 51,58 57.02 &2.08 B7.15
1 HEAD TN LAYER 11 AT EMD OF TIME 5TEP 1 IN 3TRESS PERII 1

s 2 3 ‘ s 7 ] 9 10

o 33T ae0e3 Taalna Twler Taziar Tseles” Teiies” ALz

02 15.12 39.54 43.66 47.94 52.30 56.70 61.06 6534

0 2 1%.35 39.39 q3.60 47.91 52.30 56.70 61.09 65.40

0« 150712 19054 43.66 4794 52.30 5610 6L.06 65.34

D s 3352 31.23 3601 3973 ALT4  AT.PT 52.31 S6.63 6103 65.26
1 MEAD IN LAYER 12 AT EMD OF TIME 3TEP 1 IN ITRESS FERIOD 1

1 2 El 4 5 6 1 L} 9 L

6 T 80,34 Tsae1 87

6 52.52 50,25 66.08

64 52.53 5).26 &64.08

465 52.53 60,35 64.06

35.46 36.62 .86 52.53 60.34 64.083

o CUMVLATIVE YOLUMES L==3
IN:
STORAGE =  0.00000
CONSTANT HERD = 0.T1977E+407
o TOTAL IN = 0.71877E407
[ oUT:
STORAGE =  0.00000
CONSTAMT MEAD =  0.713772407
0 TOTAL OUT =  0,TIR7TE40T
L] IN - OUT = -2.5000
v PERCENT DISCREPANCY = 0.00
0

TIME SUMMARY

TIME 8TEE LENGTH

STRESS PERIOD TIME

TOTRL $IMULATION TIME
1

AT END OF TIME ITEP
SECONDS

1 IN ITRES3 PERIOD 1
HOURS

75.22  82.55 92.35 109.00
74.72 9107 €T M
7436 79.72 94,72 28.13
1 1z 13 14
""""" 12222 "1l e eales
12,74 1846 84.73  90.96
13.21  79.98  89.77 109.00
12,74 18.48 13 90.86
12,22 717.19 61,71 84.85
11 12 13
Teszr may 111
69.46  71.28  75.55
69.61 1165 17.42
69.46 71.28  16.55
£9.27  72.87 1577 171,48
11 12 13 14
sroa0 T70ize rziae valsd
67.46 70.36 72.56 73.78
671.50 70.45 72,71 4.0
67.46 70,36 72.56 1L.TB
67.40 70.26 TZ.38 731.54
e 1 IN STRESS PERIOD 1
RATES FOR THIS TIME STEP LT
™:
STORAGE =  0.00000
CONSTANT HEAD = 1.6046
TOTAL IK = 1.6046
oUT:
STORAGE = 0.00000
CONSTANT HEAD =  1.6046
TOTAL OUT = 1.5036
- OUT & -0.59605E-06
PERCENT DISCREPANCY =

KINUTES DAYS YEARS
0.440560E+07 14760.0 1246.00 51.9167 0.142140
0.44B560E+07 74760.0 L 5L.916T D.142140
0.448560E+07 74780.0 51.9167 0.142140




I-19
OUTPUT-H2 txt

1 U.8. GEOLOGICAL SURVEY MCDULAR FINTTE-DIFTERENCE GROUND-WATER MCOEL
03D TEST PROBLEM KX testing of field
12 LAYERS 5 Ro#s 14 coLumNs
1 STRESS PERIOD(3) IN SIMULATION
MODEL TIME UNIT 13 SECONDS
0I/0 UNITS:
ELEMENT OF IUNIT: 1 2 3 4 S T 809 ﬂll1.211111515171!192021222324
I/0 UNIT: 11 0 0 0 O 0 0 0 0 0221% 8 0 0O 00 o066 0 D
DBASL -- BAYIC MODEL PACKAGE, VERSION 1, 3/1/87 INPUT READ FRCM UNIT 1
ARRAYS RHS AND BIFT WILL SHARE HEMORY.
START HEAD WILL NOT BE BAVED -- DRANDOWN CANWOT BE CALCULATED
14277 ELEMENTS IN X ARKAY ARE USED BY BA2
14277 ELEMENTS OF X ARRAY USED OUT of 15000
OBCF1l -~ BLOCK-CENTERED FLOW PACKAGE, VERIION 1, !/U’l'l INBUT READ FROHM UWIT 11
STEADY-STATE = I[MULATION
um AQUIFER TYPE

i

coeascveconen

12 ELEMENTS IN X ARRAY ARE USED BY ACF
14289 ELEMENTS OF X ARRAY USED OUT oF 1750000
0PCG1 -- PRECONDITIONED CONJUGATE GRAPIENT SOLUTION PACKAGE, VERSION 1, 06/25/85 INPUT READ FROM UNIT 1%
MAXTMUM OF 50 ITERATIONS ALLOWED TOR CLOSURE
PRECONDITIONING TYPE 3  PROSLEW TYPE O
1588 ELEMENTY IN X ARRAY ARE USED BY PCG
21877 ELEMENTS OF X ARRAY VUSED ¢AFT oF 750000
13D TEST PROALEM X testing of field
L

BOUNDARY ARRAY FOR LAYER 1 WILL BE READ ON UNIT 1 USING BLOCK FORMAT

T 2z 3 4 5 €6 1 8 9 10 11 1z 13 M
01 £ 1 1 31 1 1 1 1 1 1 1+ 1 1 1
0z 11 % 11 1 1 1 i1 1 1 1 1 1
o3 1 31 14 1 L 1 1 1 1t 1 3 1 1 1
0 4 1 r 1 1 1 1 %t 1 1 1t 1 1 1 1
25 1 1 1 1 1 1 i1 1 1 1 1 1 1
o

BOUNDARY ARRAY FOR LAYER 2 WILL BE READ ON UNIT 1 USING BLOCK FORMAT

1 2 3 4 5 6 1 8 8§ j8 11 12 13 M

BOUNDARY ARRAY FOR LAYER 3 WILL BE READ CN UNIT 1 USING BLOCK FORMAT

1 2z 3 4 5 & " & 9 10 11 12 13 14

BOUNDARY ARRAY FOR LAYER 4 WILL BE READ OM UNIT 1 USING BLOCK FORMAT

12 3 4 5

o 1 1 T 1 1
02 1 1 1 1 1
03 1 1 1 1 1
0 4 1 1 1 3 1
8 5 11 1 1 1
[ ]

BOUNDARY ARRAY FOR LAYER 5 WILL AE READ OM UNIT 1 USING BLOCK FORMAT

1 2 2 4 5 & 7 L] 9 10 11 12 13 14

o1 T ¢t 1 1 1 ¢ ¢t 1 1 1 1r 1 11
02 1 1 1 1 1 1 11 1 1 i1 r 1
a3 1+ 1 1 1 1 1 1 1 1 1°1 1 1 -1
o 3 1 1 1 1 1 1 1 i 1 1 1 1 1 1
05 i1 : 1 3 1 1 1 1 1 1 1 1 1
' .

BOUNDARY ARRAY FOR LAYER 6 WILL BE READ OM UNIT 1 USING BLOCK FORMAT

1L 12 12 14

BOUNDARY ARFAY FOR LAYER 7 BILL BE READ ON UNIT 1 USING BLOCK FORMAT

1 2 3 4 8 & 7T & 9 310 11 12 13 14

o1 $+ 11 1 1 1 » 1 1 1 1 1 1}
0z 1 1 1 1 1 1 1 31 1 1 & 3 1 1
¢ 3 1 1 1 2 1 -1 3 1 1 1 1 1 -1
[ ] 1 1 1 1 3 1 1 11 1 1 1 1 1 1
05 1 1 1 31 3 1 1L 1 1 1 1 1 11
0

BOUNDARY ARRAY FOR LAYER B WILL BE READ ON UNIT 1 USING BLOCK FORMAT




12
01 1
0 2 i
b3 1 1
9 4 1 1
0s 11
0

1oz

3 4
1 1
11
1 1
1 1
11
3 4

5 6
1

1 1
11
i1
1 1
5 [

I-20
OUTPUT-H2.txt

BOUNDARY ARRAY FOR LAYER 5 WILL BE READ ON UNIT 1 USING BLOCK FORMAT

T ¢ 9 10 11 12 12 14

1 1 11 1 1

1 3 1 1 1 1 1 1%

-1 1 1 1 1 1 1 -1
1 1 1 1 1 1 1 1

¥+ 1 1 1 1 1 31 1

7 8 9 10 11 12 13 14

ssmoam

2 4

BOUNDARY ARFAY FOR LAYER 11 WILL BE READ ON UNIT 1 USING BLOCK PORMAT

T8 9 10 11 12 13 14

{IBOUND=D) .

o800 68,00 eu.00  69.00

68.00

[ .
2 2 €8.00 €8.00 6A.00 68.00 68.00 68.00 60.00 66.00 66.00 68.00 69.00 68.00 66.00
D3 §8.00 66.00 68.00 68.00 6B.00 68.00 68.00 69.00 66.00 66.00 68.00 66.00 60,00
b4 9,00 66.00 68,00 &8.00 69.00 68.00 60.00 68.00 - 68.00 66.00 68.00 68 00 68.00
D b 6800 €6.00 68.00 6.0 66.00 68.00 66.00 60.00 6B.00 69.00 66.00 68.00 69.00 60.00
)
INITIAL HEAD FOR LAYER 2 WILL BE READ OF UNIT 1 USING BLOCK FORMAT
1 2 3 4 5 5 A [] 9 10 11 1z p 14
o cilon enon ERi0h ea.0n ea.no eR.00 69,30 68.00  69.00  66.00 €6.00 68.00  64.00  €8.00
[ -3 69.00 &8.00 64.00 68.00 69.00 &8 .00 68.00 68.00 68.00 €8.00 68.00 68.00 66,00 6000
0 3 660.00 68.00 68.00 68.00 68,00 &8.00 68,00 68 .00 $9.00 68.00 68,00 68.00 68.00 68.00
0 4 68.00 68.00 68.00 50.00 68.00 56.00 £8.00 58,00 68._00 68.00 4800 £9.00 58.00 68.00
D 5  68.00 6.0 &5.00 68.00 8.00 66.00 68.00 68.00 68.00 68.00 668.00 69,00 68,00 68.00
0
1 2 3 4
01 eeioo esld eh.bn &a.g X . X
0 2 68.00 69,00 60 .00 68.00 63.00 68,00 68.09
a3 528.00 48.00 68.00 a9.00 6800 68.00 68.00 &8.00 60,00 64.00 68_00
[ ) 68.00 58,00 68.00 68.00 68.00 58.00 68.00 68.00 68.00 68.00 68.00 69.0D 66.00
0 5 68.00 66,00 68.00 60 .00 68.00 68.00 66.00 #0.00 6800 68.00 68.00 66.00 61.00 69.00
0
I_ﬂ"m HEAD TOR LAYER 4 NILL BE READ ON UNIT 1 USING BLOCK FORMAT
1 P 3 . s 3 ? [ s 10 I 12 1 4
071 Thacen eeloo  ee.oo é8.0  es.oo’ 6600 en00 68 !
0 Z £6.00 66,00 68.00 68.00 6800 66.00 63.00
D 3 66.00 68.00 66.00 69.00 £B.00 68.00  64.00
[ 3 68.00 68.30 68,00 48,00 09 68.00 68,00
0 5 6E.00  60.00 69.00 66.00 68.00 68.00 68.00 8,00 68.00 68.00 64.00
0
INITIAL HEAD FOR LAYER S WILL RE READ ON UNIT 1 USING BLOCK FORMAT
1 2 3 ‘. 5 6 1 s ’ 12
o 17 Tealoo”adlon ) ek, 50" Teb 00 6el00 es.un “seion
0 2z 69,00 6.0 6B.00 €8.00 6B.00 6800 68.00 68,00  60.00 68.00
¢ 3 6800 68.00 58.00 &8.00 s68.00 Q.00 £9.00 ' 68.00 68._00 68.00 &8.00
6 4 68.00 60.00 60,00 68,00 €B.00 66.00 69.00 60.00 £6.00 6800 6800
05 69.00 &8.00 68.00 &p.00 68.00 58.00 68.00 68.00 68,00 68.00 §9.00
0
INTTIAL HEAD FOR LAYER 6 WILL BE READ ON UNIT 1 UBING BLOCK FORMAT
1 z 1 ‘ 5 6
071 aioo  eioo’ ea.oo  h.on’ 6900 e8.0n .00 50.00 )
0 2z 80.00 68.00 60.00 ©6.00 68.00 GA.00 66,00 69,00 66.00 66.00  68.00
b3 60.00 64.00 69.00 60,00 £6.00  0.00 €B.00 66.00 66.00 68,00 60.00
2 4 68.00 68.00 58,00 69.00 68.00 €9.00 68.00 63.00 €0.00 68.00 58._00 68.00 68.00
05 68.00 58.00 68.00 66.00 60.00 68.00 &8.00 58.00 68.00 69.00 68.00 668.00
8
INITIAL HEAD FOR LAYER 7 WILL BE READ ON UNIT 1 USING BLOCK FORMAT
1 r4 3 4 3 [ 7 ® ] 10 11 12 13 "
Ga.00 8,00 e6.06 68 B0 TéB.00  68.00  68.00  66.00  &9.00 60.00 ee.pa  én.00 eeled
00 668.00 66.00 68,00 60,00 68.00 68.00 &8 .80 68.00 68 .00 69.00 58,00
60.00 00 6B.o0 66.00 6B.00 60.00 0.00 . 69.00 68.90 68.00 66,00 68,00 68.00
6800 GE.00 68.00 68.00 60.00 66.00 6A.00 6B.00 6€.00  66.0C 6800 €800  66.00




1-21
OUTPUT-H2 .txt

0 5 68.00 68.00 66.00 58.00 68.00 68.00 4a.00 568.00 GE.00 &8.00 68.00 68.00 68.00 68.00
o

INITIAL HEAD FOR LAYER 8 WILL BE READ ON UNIT 1 USING BLOCK FORMRT

1 2 3 4 5 & ?

68.00

crrarnesaeaas - . T L TR
8.0

65,00 66.00  698.00  6H.00  60.00

v
b 2 £85.00 68.00 &8 .00 &8.00 88.00 &8.00 £8.00
D 3 [ 68.00 68.00 68 .00 68.00 64,00 0.00 60.00
o4 68.00 68,00 68.00 o8 .00 68.00 6§ .00 64808 68.00 68.00 68.00
o s 68.00 68.00 68.00 68.00 68,00 68.00 68.00 &8.00 69.00 68.00 &A.00
o
INITIAL HEAP POR LAYER 9 WILL BE READ ON UNIT 1 USING BLOCK FORMAT
2 3 4 3 6 7 L] 1] i 11 1z 14

ol Tebior ealgn k.00 e 6,00 e e0.00  69.00  ea.oa  68.80  68.00 50,00
02 60.00 500 6800 6A.Op 66.00 64.00 66.00 ©£8.00 68.00 69.00 66.00 8800
03 65700 £8.00 66.00 6.00 6R.00  0.00 66.00 68.00 68.00 69.00 68.00 6600
o 4 §9.0C 60,00 68.00 6H.C0 66.00 60.00 66.00 GB.OD 64,00 - £9.00  68.00 68.00
© s  46.00 €M.00 60.00 68.00 68.00 69.00 66.00 66.00 6.0 68,00 64.00 68.00 #8.00
o

1 2 1 .
0 i 68.00 Te8.00  6.00  68.00  6a. Téaloe’ e6.00  €8.00 66.00  68.00
o2 58.00 48.00 6%.00 60._00 68.00 68.00 68.00 £8.00 68 .00 58,00
6 3  68.00 68.00 $8.00 68.00 68.00 66.00 68.00 60,00 66.00 60.00
0 a 68.00 68.00 68 .00 68.00 68.00 £8.00 68.00 58.08 68._0C 60.00
D 5 68,00 69.00 68,00 68.00 66.00 68.00 68.00 60.00 £8.00 68.00
o

INTTIAL HEAD FOR LAYER 11 WILL BE READ ON UNIT 1 USING BLUCK FORMAT

1 H 3 ‘4 5 6 7 [] 9 10 1 12 13 Y]
03 oo’ Téeioo .00 ee.00  s8.00 6.0k Tailon eelen ée.p0 eaion 0.0
U 2 6R.00 68.00 69.00 58.00 68.00  68.00 68.00 68.00 66.00 €6.00 68.D0
o1 66.00 69.00 68_00 66.00 68.00 68 .00 66.00 56.00 £8.00 68.00 68.00
© 4 66.00 66.00 68.00 69.00 6A.00 60.00 9.6 68.00 €8.00 69.00 sd.00
[ -1 66.00 68.00 63.00 &8.00 68.00 60.00 60,00 68.00 68.00 58.00 60.00 69,00 68.00
1]

6 7 8 L 10 11 1z 1 14

60.00 68.00 6B.00 &B.00 60.00 6B.60 66.00

68.00 64.00 68.00 68.00 60.00 6B.00 68.00

60.00 68.00 68.00

68.00 68.00 SB.0C0 58.00 68.00 48.00 60.00

&8.00 68.00 68.00 66.00 68 .00 69.00 68.00 68.00
4

s8.00  6a.00
6800 6@.00 68.00
69.00 68.00  68.00

66.00
48,00 E8.00 6B.00 £8.00 &8.00
OHEAD PRINT FORAT I3 FORMAT NUMBER 4 DRAWDOSN PRINT FORMAT IS TORMAT NUWBER

OHEADS WILL BE SAVED ON UNIT 0O DRANDONNS ILL BE SAVED on UNIT 0

OOUTPUT CONTROL IS SPECIFIED EVERY TIME ITEP

0 COLUMN TO ROW ANISOTROPY = 1.000000
[} DELR » 0._1524000
[ DELC = 0.1829000
2

eleccond. ALONG RONS FOR LAYER 1 BILL BE READ O UNIT 1l USING BLOCK FORMAT

2z 3 4 5 & 7 L 9 10
11 12 13 14
© 1 1.72208-02 1.72208-02 1.7220E-02 1.7220E-02 1.7220£-02 1.7220E-D2
1.72205-02 1.7220E-02 1.7220E-02 1.72208-02
6 2 1.72205-02 31.7220E-02 1,7220E-02 1.7220E-02 1.7220E-02 1.7220E-02 1.7220E-02 1.72208-0Z 1.72208-02 1.1220E-02
1.1220E-02 1.1220E-02 1.72206-02 1.7220E-02
9 2 1.7220E-02 1.72206-02 1.7220E-0Z 1.72206-02 1.72205-02 1.7220E-82 1.7220E-02 1.72206-02 1.72208-02 1.1220%-02
1.7220E-07 1.%2208-D2 1.7220E-02 1.7220E-02
o 4 1.7220E-02 1.7220E-02 }.7220E-02 1.72200-02 1,7220C-02 1.7220E-02 1.72205-02 1.72206-02 1.7220£-82 1.7220E-D2
1.7220E-02 1.7220E-02 }.72208-02 1.722DE-02
@ S 1.72206-02 1.7220E-02 1.7220E-0Z 1.722DE-02 1.7220%-02 1.7220E-02 1.7220E-02 1.7220E-02 1,1220E-02 1.7220EB-02
1.72208-02 1.7220E-02 1.72208-02 1.7220E-02

MoisCont. ALONG ROES FOR LAYER 1 WILL BZ READ ON UNIT 11 USING BLOCK FORMAT

4 5 6 7 8 9 10

0.1260 . - Q.1260 0.1260 0.1260 0.1260 0.1z860 n.3260
0.1260 0.1260 0.1260

o2 1.1260 0.1260 0.1260 0.1260 0.1260 D.1260 0.1260 0.1260 0.1268
0.1260 0.12860 0.1260

02 0.1260 0.1260 6.1260 0.1260 0§.1260 0.1260 0.1z60 0.1260 0.12860
10.1260 0.1260 0.1260

o4 0.1260 0.1260 0.1260 0.1260 D.1260 0.1260 8.1260 0.1260 0.1260
£.1260 0.1280 4.1260

[ -] 0.1260 0.1260 a.1260 0.1260 0.1260 0.1260 D.1268 0.1261 0.1260
0.1260 0.1260 4.1260

[

3ar Mois. ALONG RONS FOR LAYER L WELL BE READ ON UNIT 11 USING BLOCK FORMAT
1 z Ed 4 5 s kl B 3 0
11 12 13 14

0 1 0.37150 0.3750 0.37%0 ©6.3756 0.3750 0.3750 0.3750 0,3750 0.3750
0.3750 0.3750 0.3750 0.3750

b2 0.3750 0.3750 0.31750 0.3750 83750 0.3750 8.3750 0.3750 0.3750 0.3750
0.37%0 ©.3750 4.1150 0.3756

8 3 0.3750 0.3750 ©.3750 0.3750 0.3750 £.3750 9.3750 £.3750 8.3750 0.3750
°.3750 4.3750 6.3750 0.3750

[ | 0.3750 0.3750 0.3750 0.3750 0.3750 0.1750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750

25 8.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 1.3750
D.3730 2.3750 0.3750 0.3750

o

Res Mois. ALONG ROWS FOR LAYER 1 I!LLV BE READ ON UNIT 1} USING BLOCK FORMAT

z 3 4 5 6 7 1 9 10

4 K L5apeE-02 & 50006-03 4 3000802 4.50806-02 4.5066E-02"
4.5000£-02 4.5COUE-02 4.50006-02 4.5000F-02

4. 4. 4. 4. 4.5000£-02  4.500 02 4. 4. 7 4.5l 02 4.5000E-02
4.5000E-D2  4.50005-02 4.5000E-02 4.5C000E-0Z



1-22
OUTPUT-H2 .txt

D 3 4.5000E-C2 4.SC00E-02 4.3000E-02 4_5000E-02 4.5000E-02 4.5000E-02 4.5000E-02 4.50006-02 4.5000E-02 4.3000E-D2

5000E-02 4.5000E-02 4.5000E-02 S000E-02

SOQ0E-02 4.5000E-G2 4.5000£-02 4_SO00E-0Z 4.5000E-02 4.5000£-02 4.5000E-02 4.S000E-02 4.5000E-0Z 4.5000E-02Z
4.5000E-02 4.5000E-02 4.5000e-02 4.50G0E-02

b 5 d.5000E-02 4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-02 4.50005-02 4.500DE-02 4.5000E-02 4.5000£-22 4.S000E-02
4.5000¢-0Z  ¢.5000E-B2 4.5000E-02 4.5000€-02

o
F(lamda) . ALONG ROWS FOR LAYER 1 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
i 2 1 4 L] L] 7 8 1 o
11 12 13 14
01 1.394 1.394 1.3%4 1.394 1.394 1.394 1.394 1.394 1.394
1,394 1.394 1.394
02 1,394 1.394 1.3194 1.394 1.394 313 1.394 1.394 1.194
1.3%4 1.294 1.394
0 3 1.394 1.394 1.394 1.3%4 1.194 1.394 1.394 1.394 1.394
1.394 1.394 1.194
0 4 1.304 1.394 1.394 1.394 1.394 1.3% 1.354 1.394 1.354
1.194 1.394 1.194
o5 1.394 1.394 1.394 1.394 1.394 1.394 1.394 1.394 1.394
1.394 1.394 1.394
Q

1 2 3 a
11 iz 13 14
0 ) 6.,51005-02 6.51008-02 £.5100E-02 A.5100E-D2 6.5100E-02 6.5100E-02
6.5100€-02 6.5100£-02 6.5100B-02 6.5100E-02
0 2z 6.5100E-D2 6.5100E-02 6.5100E-02 6.510CE-02 6.5100E-D2 6.5100E-82 &.5100C-D2 6.5100E-02 6.5100E-0Z 6.5100E-02
&,5108€-02 6.51006-02 6.51008-02 6.5100E-02
s 3 6,510D8-D2 6€.51008-02 6.S100E-02 6.5100E-02 6.5100E-0Z 6.5100E-02 6.5100E-02 6.5100£-02 6.51006-02 6.5100E-02
6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02
0 4 6.5100£-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100£-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02
6.5100E-D2 6.5100E-02 6.51008-02 6.51006-02 '
0 S 6.5100£-02 6.5100E-02 6.51008-02 6.5100E-02 &.S100E-02 6.5100E-02 6.5100E-02 6.5100£-02 6.5100B-02 6.51005-02
6.5100E-02 6.5100£-0Z 6.S1D0E-02 6.5100E-D2

0
TRANSMIS. ALONG ROBS FOR LAYER 1 WILL BE READ ON UNIT 11 VAING BLOCK FORMAT
1 2z 2 4 5 6 1 » 9 10
11 12 13 1
07 LTS240 03 R 2ARIELes TS 20 Eo0d TS Ae7E 01 S BanTe 03 B TEATE 0TS 2R TR0 5 24003 24RTR0Y 5 2aeTRo03

L
5.2407E-01 5.24B7E-03 5.2487E-03 5.Z487E-03

0 2 5.2487E-01 5.24978-02 5.2467E-03 9.2487E-03 5.2487E-01 5_ZA97E-D3 5.24876-01 5 .2487E-03 5.2487€-031 5.Z2487E-02
5.2487E-03 5.24B7E-03 5.2487E-03 5.2487E-03

0 3 5.2487E-03 5.2487E-D3 5.24076-03 $.240875-03 &.2487E-03 5.24076-D3 5.24876-03 5.2487E-03 5.2487E-03 5.2487-03
5.24876-03 5.24B7E-D3  5.2467E-03 5.2497E-03

0 4 5.2497E-031 5.24078-03 $.2487£-03 5.2487E-03 5.2487E-03 5.24876-01 $.2487E-03 5.24B7E-02 5.2407E-03 5.24675-03
5.2467E-03 5.2487£-D3 5.2487£-031 5.2487E-03

D 5 5.2467E-03 5.2487E-03 5.2487E-03 5.2487E-03 5.2497E-03 5.2467E-03 5.2487E-03 5.24876-03 5.2497¢-03 5.248
5.24676-03 9.2487E-03 5.24978-03 5.2487¢-03

03

VERT HYD COMD /THICKNESS FOR LAYER 1 WILL BE READ OW UNIT 11 USING BLOCK FORMAT

0 5.6482E-02 3.6462E-02 5.6 5.6402E-02 5. 5.6482E-02
5.648ZE-02 $.6402E-02 5.B5482E-02 5.64B2E-02

0 2 5.6482E-02 $.6492E-02 5.6482E-0Z 5.6402E-02 5.6 5.6482E-02 5. 5.6402E-02 5.6482E-02 5.6402E-02
5.6482K-02 5.6482E-02 5.64B2E-02 5.5482E-02

L] B2E-02 5.6482€-02 5.6482E-02 5. 5. B2 5. 5.6402E-02

5. 5. 2E-02 5. .

5.6402E-02 5,6482E-02 5.64H2E-02 5.6402E-02

@ & 5.64B2E-02 5.6482%-D2 5.6d82E-02 5.64B2E-02 5.6402E-02 5.6482£-02 5.64026-02 5.6482E-02 5.64828-02 5.6462E-D2
5.6482E-02 $.6402B-02 5.6482E-07 5.6482E-02

0 5 5.6482E-02 S5.6462E-02 5.6482E-02 5.6482E-02 5.6402E-02 5.6482E-02 5.6482E-02 5.6482E-02 5.642E-D2 $5.6462E-02

I2E-02 5.6482E-02 5.6482E-DZ 5.6482E-DZ

eloccond, ALONG ROWS FOR LAYER 2 NILL BE READ ON UNIT 11 USING BLOCK FORMAT

1 z 3 L] H & 7 L ] L) 10
11 12 13 14
o 1 1.7220£-02 1.72208-02 1.72208-02 1.72Z0E-82 1.72206-02 1.72208-02 1.7220E-02 1.7220L-02 1.7220E-82 1.72206-02
1.72208-02 1.72205-02 1.7220E-02 1.7220E-02
T 2 1.72208-02 1.72208-02 1.72208-02 1.7220E-02 1.7220E-02 1.72Z0E-02 1.7220E-02 1.7220£-02 1.72208-02 1.72208-02
1.72200-02 1.7220E-02 1.7220e-02 1.7220E-02
0 3 1.72208-02 1.7220£-02 1.7220E-02 1.T220E-02 1.72206-02 1,7220E-D2 1.7220B-02 1.7220E-02 1.72206-02 1.7220£-02
1.7220E-02 1.7220e-02 1.7220E-02 1.72Z0E-02
o 4 1.72206-02 1.12208-02 1.72206-02 1.7220E-C2 1.72208-02 1.7220E-02 1.T220E-02 1.722DE-02 1.72206-0Z 1.7220E-02
1.7220E-0Z 1.7220€-07 1.7220E-02 1.7220E-02
05 1.72206-02 1.72206-02 1.7220E-02 1.7220E-02 1.7220E-02 1.72206-02 1.7220£-0Z 1.%2206-02 1.7220£-02 1.7220£-02
1.72206-02 1.72208-02 ).7220E-02 1.72208-02

0
MoisCont. ALOMG ROWS FOR LATER 2 WILL BE READ ON UNIT 11 UNING BLOCK FORMAT
1 2 3 4 3 3 \ [ 9 10
11 12 : 12 13
0 1 o0.1260 §.1260 0.1260 0.1260 0.1260 0.1260
0.1260 0.1260 9.1260 01260
0 2 0.1260 2.1260 0.1280 0.1260 0.3260 0.1260 0.1260 0.1260 .1260 0.1260
01260 £.1260 0.1260 0.1260
0 3 0.1260 0.1260 b.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.2260 0.1260
8.1260 0.1260 0.1260 0.1260
a4 0.1260 0.1260 D.1260 0.1260 0.1260 0.1260 0.1260 0.1260 1.1260 0.1260
0.1260 0.1260 0.1260 0.1260
05 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
0.1260 D.1260 0.1260 D.1260
]
St Mois. ALONG ROWS FOR LAYER 2 BILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 2 1 4 s € Y 8 9 18
1 12 13 14
o1 0.3750 £.3750 0.3750 0.3750 0.3780 0.3150 0.2750 0.3750 0.3750 0.3750
0.375¢0 0.3750 0.3780 0.3150
0 2z 0.3750 6.3750 6.3750 6.1750 0.3750 0.3150 0.3750 0.3750 0.3756 83750
0.3750 0.3750 0.3750 0.3780
0 3 0.37%0 2.3750 0.3750 0.3750 0.3750 0.3750 0.37150 6.3750 0.3750 6.3750
0.3750 €.3750 0.3750 0.3750
04 0.3750 0.3750 0.3750 6.3750 0.3750 0.3750 0.3150 0.3750 9.3750 0.3750
0.3750 6.2750 0.3730 0.375¢
0 5 03150 2.3750 ©.3750 0.3750 0.3150 0.3750 0.3750 0.3750 0.3750 0.3750
a.3750 0.3750 8.3750 0.3756



RES

o 2
b 3
[ }
05
L4

ISOUUE-DZ

4.5000E-02
4.5000E8-02
4.5000E-02
4.50008-02
4.50008-02
4.5000E-02
4.5000E-02
4.5000E-02

6.5100E-02

6.5100E-02
5.5100E-02
6.5100E-02
6.5100E-02
6.51008-02
6.5100E-02
6.5100£-02
6.5100E-02

1
pas

"5 gastecns’

5.24678-03
5.2407E-03
5.2487E-03
5.2487E-D2
5.2487E-03
5.2407E-03
5.2487E-03
5.248%8-03
5.24878-03

5.6482E-02
5-54025-02
5.8482E-02
5.6492E-02
5.6482E-02
5.6482E-02
5.5482E-02
5.64820-02
5.54826-02

1

1
1.712208-02
1.72208-02
1.72208~02
1.72206-07
1.12208-02
1.7220€-02
1.7220E-02
1.7220E-02
1.7220E-02
1.7220E-02

1
11

0

bz

0.3750
b.3350
0.3750

I-23

OUTPUT-H2.txt

Res Mois. ALONG ROWS FOR LAYER 2 FILL RE READ ON UNIT 11 USING BLOCK FORMAT

™

3
13 14
B B 4.50008-02
5000£-02 4.5000E-02 4.5000E-02
4.50D0E-02  4.5000E-02 4.50008-02
4.5000E-02 4.S0C0E-02 4.5000E-02
4.5000E-02  4.5000¢-02 4.5000E-02
4.5000E-02 A.5000E-02 4.50008-02
4.5000E-D2  &.5000E-02 4.50005-02 4.5000C-02
4.5000E-02 4.5000E-02 4.5000E-02
4.5000E-02 4.5000r-02 4.5000E-02
4.5000E-02  4.50D06-02  4,50000-02

4.5000E-02 4.5000E-02
4.5000£-02 4.5000E-02
4.5000E-02

4.5000E-02 4.5000E-02

$0008°02

1.5unu:-'62
4.5000E-02  4_5000E-D2
4.5000F-02 4.5000E-0Z
4.5000E-0Z 4.50DDE-02

4.5000E-02  @.5000E-02

4.5000E-02

4.5000E-02
4,50008-02  4.5000E-02
4.5000E-02 4.50006-02
4.5000E-02 4.5000E-D2

4.5000E-02 4.S000E-02

Fllamda) . ALONG RCWS TOR LAYER 2 WILL BE READ ON UNIT 11 UIING BLOCK FORMAT

6.5100E-02 6.51006-02 6.5100E-02

2 3 4 5 [ J [ 9 1
12 13 14
1.394 1.394 1.394 1.394 1394 1.394 1.38¢ 1.394
1.39¢ 1.394 1.394
1.3%4 1.394 1.394 1.394 1.394 1.394 1.3 1.394
1394 1,294 1.394
1.394 1,394 1.394 1.394 1.394 1.294 1.394 1.394 1.394
1.394 1.394 1.394
1.354 1.394 1.394 1.3%4 1.394 1.394 1.394 1.39¢4 1.391
1.304 1.394 1.39¢
1.394 1.394 1.394 1.39¢ 1.39¢ 1.394 1.394 1.394 1.394
1.294 1.394 1.394
Exp n . ALONG ROWS POR LAYER 2 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
2 1 4 s & 7 s 3 U]
12 12 14
. .51006-02 6.5100£-02 6.5100£-02 6.5100E-02 6.5100£-02 6.5100E-02 5.51008-02 6.5100E-02
§.5100E-02 6.5100E-02 6.5100E-02
6.51006-02 6.5100E-02 6.51006-02 6.51006-02 6.51006-02 6.5160E-02 6.51008-02 6.51006-02 6.5100E-02
6.5100E-02 6.5100£-02 6.5100E-02
6.9100E-02 6.51008-02 6.5100E-02 6.5100E-D2 6.51006-02 6.5100E-02 6.51008-02 6.S100E-02 6.5100E-02
6.5100E-02 6.5100E-02 6.51006-0%
6.5100E-02 6,51006-02 6.5100E-02 6.51006-02 6.5100E~02 6.3100E-G2 6.5100E-02 6.5100E-02 6.5100E-02
6.5100E-02 6.51006-02 6.5100E-02
6.5100E-02 6.5100E-02 6.51006-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02

6.S100E-02  6.5100E-02

TRANSMIS., ALONG ROSS FOR LAYER 2 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

5.2487E-03 S_Z487E-0]
5.24B7E-03 5.2487E-03 3.2407E-03 5.2487E-03 5.2487E-D3

5.2487E-03

5.2487E-03 5.2487E-01 5.24987E-03

5.2487€-03 5.2407€-03 5.2497E-03 5.24876-03 5.2487E-03
5.24B7E-03 5.2497E-03 §.2407E-03

5.2407E-03 5.2487E~03 $.2987E-03 5.2467E-03
5.2487€-03 5.24876-031 5.24687E-03

. E-03  5.2487E-03 5.2497E-03 9.2407E-03 5.2487E-01
5.2497E-07 5.2487E-D3 5.2487E-02

5.Z487E-03

VERT HYD COMD /THICKMESS FOR LAYER 2 WILL BE READ ON UNIT 11 USING BLOCK

TN IR P T

5.24875-03 5.2487E-03
5.24676-03 5.2497E-03
5.2487E-03  5.2487E-03

5.2487E~03 5.2487E-03

5.2487E-03  5.2487E-03
$.2487£-03 5.2487E-032
5.24878-03 5.2487E-03

5.Z467E-03 5.Z487e-03

FORMAT

5 [

2 5.6482E-02 5.64B2E-D2

5.64826-02 5.6482p-02

5.6482E-02 5.64828-02

5.648ZE-02 5.6462E-02
5.064020-02 9. 5.6482E-02 5.6482E-02 5.64 5. 5. 5.64€2E-02 5.6482E-02
5.6402E-02 S5.5482C-02 5.6482E-D2
5_6482B-02 5.64B2E-02 S5.6482E-02 5.6482E-02 5.64B2E-DZ 5.6482E-02 §,6482E-02 5.S5482E-02 5.6482E-02
$.64092E-02 5_GABZE-02 S.64B2E-02
5.06402F-02 5.6402E-02 S.6482E-D2 5.G482E-02 5.6482E-02 S5.6402E-02 5. 5. 5.6482

.64826-02 5.6482E-02 5.54B2E-02
5.6482E-02 5.6402E-02 5.84828-02 5. 121 5. 5. 5. S, 2E-0 5.
5,6482E-02 5.64826-02 5.6492E8-02

eleccond. ALONG ROES FOR LAYER 3 WILL BE READ O UNTT 11 USING BLOCK FORMAT
2 3 L 5 6 ? g 9 10
12 13 14

1.72206-D2 1,72206-02 1.72205-02 1.7220E-0Z 1.72208-02 1.72206-02 1.7220E-02 1.7220E-02 1.7220E-02
1.9220E-02 1.7220E-02 1.7220E-02 ‘
1.72202-02 1.72206-02 1.7220%-02 1.72206-02 1.72205-02 1.7220£-02 1.72208-02 1,7220E-02 1,7220E-02
1.7220%-02  1,72208-02 1.7220E-02
1.7230%-02  1.7220E-92 1.7220E-02 1.7220E-02 1.7220E-02 1.7220E-02 1.7220€-0D2 1.7220E-02 1.7220E-02
1.72702-02 1.7220E-62 1.7220E-02
1.72208-02 1.T220E-862 1.7220B-02 1.72206-02 1.7220E-02 1.72206-02 1.72208-02 1.7220DE-D2 1.7220E-02
1.7270E-02 1.72208-02 1.7220E-02
1.7220E-02 1.7220E-02 1.7220E-02 1.7220E-02 1.7220£-02 1.72206-02 1.7220B-02 1.1220E-02 1.72208-02
1,7220£-02 1.7220E-02 1.7220E-02

MoisCont. ALONG ROMS FOR LAYER 3 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

9.1260

0.1260

0.1260

a.1260 0.1260 0.1260 0.1260 0.1260

0.1260 0.1260 0.1260 0.1260 0.1260 0.1260

0.1z60 0.1260 0.1260 0.1260 0.1260 0.1260

0.1260 0.1260 0. 1260 o.1260 0.1260 0.1260

Sat Mois. ALONG ROWS FOR LAYER 3 WILL BE READ ON UNIT 11 USING BLOGK FORMAT

2 3 1 5 & 1 » 9 10

1z It u
03758 elarse T alase T oldise” T Talaren e aatse [T o.ase

023150 0.3750 0.3758

0.3750 0.3750 013750 0.3750 03150 2.0750 0.3150 0.3750 0.3750



1-24
OUTPUT-H2.txt

0.3750 0.3750 0.371s0 0.3750

0 3 0.3750 09.3730 0,3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.37150 0.3750
03750 0.3750 0.317%0 6.3750

0 4 0.3790 0.3750 £.17560 0.3750 0.3750 0.3750 0.3758 ©.3750 0.375¢0 ¢.37150
0.3750 0.3750 0.3750 0.3750

[ -1 0.3750 0.3750 0.37%0 0.3730 0.3750 0.3750 0.3758 £.3750 0.375¢0 0.3750
0.37s0 2.3758 0.3780 0.3750

1

Res Moiy. ALONG ROSS FOR LAYER 1 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

3 2 3 B f ’ [ s I
1 2 12
071 ASa00E-07  4.50008-07 4.50005-02 4.5000£.62 4.S000E-02 4.5000E-CZ 4.5000E-02 4.5000E-0Z 4.S000E-DZ 4.S000-02
4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-02
L] 2 4

0z - .. . 4.5000E-02 4. 4. 4. 4. 2 4.50C0E-02 4.5000E-D2
.SO00E-Q2 4.50B0£-02 4.50600E-02 4.5000E-02
13 -5000E-02 4.%000E-02 4.5000E-02 S000E-02 4.S0GOE-02 4.S000E-02 4.5000E-02 4.5000£-02 4.5800E-02 4.5000E-02

.5000E-02 4.5009E-02 4,.5000E-02

LI | 4.5500g-02 4.5000£-02 4.5000E-02
4.5000E-07 4.5000E-02 4.50006-02

[ 4.5000£-02  4.5000E-02 4. a
4.50002-62 4.5000£-02 4,5000e-02 4.50008-02

S000E-02 4. 4. 02 4. 4.50008-02 4.5000E-02 4.S000E-02
5000=-02

4.5 02 4. 4. 4. 4. 4.5 02

F(landa) . ALONG ROWS FOR LAYER 3 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

5 1] 7 : L] 4 10
1.394 1.394 1.399 1.3%¢ 1.3%4 1.394 1.394
1.394
-394 1.394 1.394 1.3%4 1.354 1.394 1.384
1.394
1.394 1.394 i.394 1-3%4 1,394 1.384 1.394
1.394
1.394 1.394 1.394 1.3%4 1.354 1.394 1.3%4
1.39
1.3% 1.394 1.354 1.394 1.354 1.3%4 1.3%4
1.394

1 2 3 4 5 6 7 ] 9 10
11 12 11 4

0 1 6.5200E-02 6.510
6.5100E-02 6.5100E-02 6.51006-02 6.51005-02

[/ 6.5100E-02 6.31002-02 6.5100E-D2 6.5100E-02 6.5100E-02 6.51006-02 6.5100E-02 6.5100E-D2 6.5100£-82 6.5100E-02
6.5100K-02 6.510DL-02 6.51008-02 6.51008-02

0 3  6.5100£-02 6.5100£-02 6.5100E-02 6.5100E-02 6.5100£-02 6.5100E-02 6.3100E-02 6.5100E-02 6.5100E-02 6.5100E-02
6.5100E-02 5.3100Z-02 6.5100E-02 6.5100E-D2

© 4 6.51006-02 6.51006-02 6.5100E~02 6.5100E-02 6.51008-02 6.5100E-D2Z 6.5100E-02 6.5100E-D02 6.5100E-02 6.51008-02
6.51006-02 6.510DE~02  6.51008-D2 6.51008-02

[ -1 6.5100E-02 £.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02 6.51006-02 6.5100E-02 6.5100E-02 6.51008-D2 &.5100E-02
6.51008-02 6.5100E-02 6.5100E-02 6.5100E-02

&.5100E-02 &.5100E-D2 6.510DE-02 6.5100E-02

TRANSMIS. ALONG ROWS FOR LAYER 3 WILL BE READ ON UNIT 1l VSING BLOCK FORMAT

1 2 3 4 5 L] 1 8 9 10
1 1z 13 14

603 5.24076-03 5.24878-03 §.24875-03 5.24876°01  S.2407E-03 $.24B7E-03

5.2497£-01 5.24B7E-D3 5.2487E-03 « L-03

0 2 5.24872-03 5.2407E-01 5.2487K-03 S. E-03 5.24876-03 5.2487E-03 5.2467E-03 5.2487E-01 5.2487E-03 5.2487E-03
5.2487E-01 5.24B7E-02 5.2487E-03 5. T-03

o3 5.2487E-03 5.2487E-03 5.2487E-03 5.2407€-03 5.24070-03 5.2487E-03 5.24976-03 5.24678-01 $.24878-03 5.24076-03
5.,24876-01 5.2489E-03 $.24076-03 $.24872-03

0 4 5.2487E-C} 5.2987E-01 5,2487E-03 S. TE-03 §.2407€-03 5.2487E-D3 S5_Z4B7E-03 5.24876-0] 5.2487E-03 5.2487E-03
5.2407E-03 5.2487E-03 5.2487E-03 5. £-03

0 5 §,2407E-01 §.2487E-03 5.2487E-03 5.2487E-03 5.2487E-03 5.2497C-03 S.2487£-03 5.24876-03 5.2447E-03 5.2487e-03
5.2487E-03 5.2407e-03 5.2407e-03 5.2487L-03

VERT HYD COND /THICKNESS FOR LAYER 3 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

1 Z 3 4 5 L] 7 L] L 10
11 12 13 14

0 1 5.6482E-02 5.6482E-02 5_G462E-0Z 5.6482E-02 5.5402F-02 5.6482E-02 5.5402B-02 5.6482L-0Z 5.6482L- T-02
5.5402E-07 5.6482E-0Z 5.6482E-02 5.6402E-02

[ 5.6482E-02 5,6462E-02 5.6482E-02 5.6482E-D2 5.6402E-02 5.64026-02 $.6482E-02 5.64028-02 5.64A2E-02 5.6482E-02
5.64828-02 5.64928-02 5.64@2E-D02 &.6462E-02

0 3 5.5482E-02 5.6482E-02 5.6482£-02 5.64BZE-D2 5.6482E-02 5. 5.648; 2 5. 5. 5.6482E-02
5.64B2E-02 3.6482E-DZ 5.6482E-02 5.6462E-DZ

0 4 5.5482E-02 5.6482E-02 5.G482E~02 5.6462E-D2 5.6402E-02 5.64826-02 5.6482E-02 5.6482E-02 5.6402E-02 5.5482E-02
5.6482E-02 5.6492e-02, 5.6482£-02 5.6462E-D2

0 5 5.6487E-02 S.6482E-D2 5.64H2E-02 5.6482E-D2 3.6402E-02 5.64B2E-02 5.6482E-02 5.6482E-02 5.6402E-02 5.6482E-02
5.6482£-02 5.64B2E-02 5.6482E-07 5.6402E-D2

e

eleccond. ALONG RONS FOR LAYER 4 WILL BE READ ON UNIT 11 USING BLOCK PORMAT

1 2 3 4 5 & 7 B 9 1¢
11 12 Pt} 14
[ Y 1.7220E-02 1.72206-02 1.7220E-02 1.7220E-02 1.7220E-02 1.72Z0E-02 1.72206-02 1,7220E-02 1.7220E-02 1.72208-02
1.7220%-9% },.72208-02 1.7220E-02 1.7220E-D2
o2 1.72205-07 1.7220E-02 1.7220P-02 1.7220E-02 1.7220£-02 1.7220E-02 1.722DE-02 1.7220E-0Z 1.7220E-02 1.7220E-02
1.7220€-02  1.T220E-02 1.7220E-02 1.7220E-D2
2 3 1.72Z06-02 1.7220E-02 1.72206-02 1.7220£-02 1.7220E-02 1.7220E-DZ 1.7220€-02 1.72206-02 1.7220E-02 1.7220E-02
1.7220€-02 1.7220E-02 1.12206-02 1.7220E-02
B4 1.72206-02 1.7220E-0Z 1.7220E-02 1.7220E-02 1.7220E-02 1.7220E-02 1.72205-02 1.7220E-D2 1.7220E-02 1.72Z0E-02
1.7220€-02 1.7220E-02 1.7220E-02 1.7220E-02
[ 1.7220£-02 1.7220E-02 1.72208-02 1.72208-02 1.71Z20B-02 1.7220£-02 1.7220K-02 1.7220E-0Z 1.7220E-02, 1.72Z0E-0Z
1.7220£-02 1.7220£-02 1.7220E~02 1.7Z202-D2

o
moiscCont. ALONG ROWS FOR LAYER 4 WILL BE READ OK UNIT Ll USING BLOCK FORMAT
1 2 I 4 5 L] 1 L] 14 10
11 1z 13 14
[: 0.1260 0.1260 0.1260 0.1260 £.1260 0.1260 0.1260 0.1260
0.1260 0.1260 06.1260 0.1260 -
oz 0.31z60 0.1260 0.1260 0.1260 0.1262 D.1260 0.1z60 0.1260 D.1260 0.1260
9.1260 b.1260 0.1260 0.1260
o3 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
0.1260 0.1260 0.1260 0.1260
0 4 0.1260 0.126D 0.1260 0.1260 0.1260 D.1268 0.1260 0.1260 0.1260 ©.1260
0.1260 0.1260 0,1260 0.1260 -
0 5 0.1260 0.1260 9.1260 6.1260 B.1260 0.1260 0.1260 6.1260 0.1260 0.1260
0.1260 0.1280 9.1260 0.1260
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OUTPUT-H2.txt

88T Nois. ALONG ROWS FOR LAYER 4 WILL BE READ ON UNIT 1 VIING ALOCK FORMAT

4 5 6
14
8.37150 0.375¢0 0.3750
¢.3750
0.3750 8.3750 0.3758
¢.3150
©.3750 D.3750 0.3750
0.3750
©.3750 0.37150 6.3750
0.3750
0.3750 0.3758 8.3750
€.3750

1 L]
FIETE I U
0.2750 0.3750
0.3750 £.3750
23150 0.3750
03750 0.3130

[ 10
olawse el
0.3750 0.3750
0.3750 0.3750
5.3750 0.3750
0.3750 0.3750

Ras Mois. ALONG ROWS FOR LAYER 4 WILL BE READ ON UNIT 1I USING BLOCK FORMAT

1 2 3

11 12 13
0.3750 0.3750 0.31%0
0.3750 0.3750 0.3750
04.3750 0.3750 0.3750
0.3750 0.3750 8.3750
0.3750 0.3750 0.3750
0.3750 2.3730 0.3750
n.37850 8.3750 0.37%0
a.3750 2.3750 0.3750
0.3750 0.2750 B.3788
0.3750 a.3750 0.3750
1 2 3

11 12 13

$000E-02  4.50008-22

“4ls000e-02

4
4

s

SI‘II:WE-'DZ 4.5000%~

10

4.5000e-02 4.50008-02 4.50D00E-02 5000E-02
4,5000E-02 4,50008-02 4.5000E-02 4.50D0E-0Z 4.50008-02 4.5000E-02 4.50008-02 4.5000E-02 £.5000E-02 4,.5000E-D2
4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-02
4.5000E-02 SO000E-02 4. 02 4. 4.500D0E-02 4.5000£-02 4.5000E-02 4.S000E-02 4,.500CE-02
4.5000E-02 5000E-02 4.5000E-02 S000E-02
4_5000E-02 5000E-02 4.5000E-02 S000E-D2  4.50008-02 4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-0Z 4.50CCE-02
4.5000E-02 S000E-02 4.5000E-02 4.5000E-02
4.50008-02 %000E-02 4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-02 4.S0ODE-02 4.5000E-D2 4.5000E-02 4.5000£-02
4,5000£-D2 4.%000E-02 4.50008-02 4.5000E-02

F{lamda). ALCNG ROWS FOR LAYER 4 WILL S8E READ ON UNIT 11 USING NLOCK FORMAT

i 2 10
13 2

1.3%4 1.394 1.35%4
1.3% 1.39
1.394 1.39¢ 1.394
1.394 1.394
1.394 1.394 1.3%4
1.3%4 1.394
1.394 1.394 1.394
1.394 1.394
1.194 1.394 1.394
1.394 1.3%4

Exp n . ALONG ROWS FOR LAYER 4 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

3 L] s 6 1 L] 9 10

13 14
. . 6,511 ? 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02 &.5100£-02
6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02
6.5100E-02 6.5100E-02 &.S100E-02 £.S100E-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-0Z 6.51008-02
6.5100E-02 6.5IDDE~-02 6.5100E-02 6.5100E-02
6.5100E-02 6.51D0E-02 4.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02 6,S100E-02 6.51008-02 6.5100E-02 6.5100E-02
6.51008-02 6.5100E-02 6.5100B-02 6.5)}00E-02
§.5100E-02 6.5100E-D2 6.5S]00E-02 6.5100E-02 6.5100B-02 6.51008-02 6.5100E-02 6.5100E-02 6.5100E-02 6.51002-02
6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02
6.5100E-02 6.51D0&-0Z 6.3100E-02 6.5)80E-0Z 6.5100B-02 6.51005-02 6.51008-02 §.5100E-02 6.5100E-02 6.5100E-02

6.5100E-02 6.5100E-02 6.51CCE-02

6.5100E-02

TRANSMIS. ALONG ROWS FOR LAYER 4 WILL BE RERD ON UNIT 11 USING B8LOCK FORMAT

1
11

2
p

1
13

'8 24876°03 S 2467E-03 '3.2407E-03

5.2487E-03 5.24U7E-03 35.2467E-02
5.24872-03 5.2487E-03 5.2487E-C3
5.2487£-03 $.2487£-03 5.2467C-03
5.2487€-03 S.2487E-03 5.2487E-03
5.24972-03 5.2467E-0) 3.24075-03
5.24872-03 5.24€7E-03 5.2487E-03
§5.24076-03 5.2487E-01 5.2487E-03
5.2497E-02 5.2487E-01 5.2407E-03
5.2487€-03 5.2467E-01 5.2407E-03

VERT HYD COND /THICKNESS

5.2487E-03 5.2487E-D3
§,24B7E-D3
5.2407C-03
§.2407E-03

$.2487E-03 5,2487E-03
5.2487C-03 5.2487E-03

5.2497€-03 5.Z467E-03

5.2407¢-01
5.2467E-0)

5.2487E-03 5.2497-03

524878003 5.24076-03
5.24075-03 5.2487E-03
S.24878-03 5.2487E-03
§.24076-03 5.2487£-03

$.2407E-03 5.24B7E-03

12

'SlzanTelea 5 24a7E
5.2497E-03 5.24B7E-03
5.24976-03 5.24876-03
5.2487€-03 5.2487E-D3

5.2487E-03 5.24687E-03

FOR LAYER 4 WILL BEL READ ON UNIT 11 USING BLOCK FORMAT
1 2 3 4 5 5 7 L] 9 10
11 1z 13 14 -

. 02
5.6482E-02

- +64B2E-
4.64426-02 5.6482E-02
5.6482E-D2 5.6482E-02 5.6402E-02

5.6482E-02 5.6402B-02 5 6AHZE-02
5.6482E-02 5.6482E-D2 5.6482C-07
5.6482E-02 5.64B2E-02 5.6482E-02
5.6422E-02 5.64828-02 5.6482E-02
5.6482E-02 5 GABZE-02 5.64BZE-02
5.6482E-02 5.6482E-02 5.64BZE-02

5.64828-02

5.56482E-02 5.6482E-02 5.64682E-DZ

5.6862E-02

5.6482%-02

5.6482E-02

5.6482E-02 5.64B2E-02 5.6482E-DZ
02

5.64B2E-02 5.6402E-D2

.1 !
5.6492E-02 5.6482E-02 5.64620-02

5.6482E-02 5.648ZE-02
5.6482E-D2 5.64982E-02
5.6402E-02 5.6482E-02
5.6482E-02 5.6482E-02

“$leanzeion” SleanzEloz’
5.64826-02 %.64B2E-02
5.64D2E-02 5.6482E-02
5.64092E-02 $.6402E-02

5.64B2E-D2 5.6482E-02

5.64B2E-02 5.6402E-02 5.6402E-02 5.6482E-02
slaccond. ALONG RONS FOR LAYER § WILL BE READ ON UNIT 11 USING RLOCK FORMAT
1 2 3 4 5 [ T 1) 9 1
11 = 13 14
‘1l33306°03 " 1 72a0es0r 1i2d0e<62 ilvza0r-te 1liaacecoz 1lvzzoslo: 1.72206-02 1.7220B-02 1.3238ed3 1722060
1.72208-02 1.7220E-02 1.7220E-02 1.7220E-02
1.72208-02 1.7220E-02 1.7220E-82 1.72206-02 1.7220B-02 1.72208-02 1.72208-02 1.72Z20E-02 1.7220E-02 1.7220E-02
1.7220e-02 1.7220£-02 1.7220E-02 1,7220L-02
1.72206-02 1.7220€-02 1.7220£-02 1.7220£-02 1.7220E-02 1.7220E-02 1.Y220£-02 1.7220E-02 1.7220E-0Z 1.72205-02
1.7220E-02 1.7220E-02 1,7220E-02 1.72208-02
1.1220E-02 1.7220E-02 1.7220E-02 1.7220E-02 1.72208-02 1.72Z0E-02 1.7220E-02 1.7220£-02 1.7220E-02 1.7220E-02
1.72208-02 1.7220E-02 1.7220E-02 1.7220E-02
1.7220E-02 1.72208-P2 1.72208-02 1.72208-02 1.72208-02 1,72205-02 1.7220E-02 1.7220E-02 1.7220E-02 1.7220E-02
1.72208-02 1.7220E-02 1.7220E~-02 1.7220E-02
#oisCont. ALONG RONS FOR LAYER 5 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
I 2 3 4 5 & L4 L] 9 10
11 12 13 14
ozen T vuazed auizet oazer olizes | olizedelizsa T olizes’ T olizen T olized
0.1260 o.1268 0.1260 0.1260
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OUTPUT-H2.txt

0.1260 8.1260 ©.1260 0.1260 £.1260 0.1260 £.1260 0.1280 0.1260 8.1260
0.1260 2.1260 .1260 ¢.1260
0.1260 2.1260 0.1260 0.1260 0.1260 6.1260 0.1260 06.1260 0.1260 0.1260
8.1260 0.1260 0.1260 0.1260
£.1260 0.1260 0.1260 0.1250 0.1260 ©.1260 0.1260 0.1260 0.1260 0.1260
0.1260 0.12860 0.12: 0.1260
0.1260 0.3260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1z60
0.1260 0.1260 0.1260 0.1z60
Sat Mois. ALONG ROWS FOR LAYER 5 WILL BE READ OM UNIT 11 UAING BLOCK FORMAT

1 5 é T L] 9 1o

1
0.3750 0.3150 £.2750 0.27150 0.3750 0.375¢ D.3750 o, ]7!10 0.3750 ©.37150
0.37%0 0.3750 0.3750 8.3730 .
0.3750 9.37150 0.1750 6.3750 2.37150 §.37150 0.3750 6.3150 0.3150 .3150
0.3750 D.3750 0.37150 0.3750
0.3750 0.3750 0.3750 0.3750 0.3750 2.3750 0.3730 0.3750 0.3750 0.3750
0.3730 0.3750 0.3750 0.3730
0.3730 £8.3750 8.37150 0.3750 0.37%0 0.3750 £.3750 0.3750 0.37150 0.3750
2.3750 0.3750 0.3750 0.3750
0.3750 0.3750 0.3750 0.3750 2.3750 0.3750 0.3750 0.3750 0.3750 0.3750
4.3750 0.37%0 B.3750 6.375

Res Moiy. ALOMG ROWS FOR LAYER 5 NILL BE READ O UNIT 11 USING BLOCK FORMAT
1 Zz 3 4 5 & 1 L] 9 10
11 12 13 ia

6. 5100!}-02
6.5100E-02
6.5100-02
6.41008-02
6.5100E-02
6.5100E-02
6.5100E-02
6.5100E-02
6.51008-62

6.5100E-02 6. 51005-02
£.51006-02 &.3100E-02
6.3100E-02 6.5100B-02
6.51008-02 6.5100E-02
&6.5100£-02 6.5100E-02
6.51008-02 &.5100E-02
$.5100E-02 6.51008-02
5.5100£-02 6.5100%-02
5.5100E-02 6.5100€-02

-DZ aslnn:-nz 65100!:-02
8. 5100! 92

6.5100E-02 6,.5100E-DZ 6.5100E-02
6.5100E-02

6.5100B-02 6.5)00E-02 6.5100E-02
6.5100E-02

6.3100E-02 6.S100E-02 6.5100E-02
6.9100E-02
6.5100£-02 §.5100E-C2
6.51008-02

6.5100E-02

ﬁ SIMIE 02 6 SIIH!E-HZ
6.5100E-02 64.51C0E-02
6.5100€E-02 6.5100E-02
6.5100E-D2  6.5100E-02
6.5100E-02 6.5100E-G2

4.5000E-02 £ E-02 4.8 4.5000E-02 .SDUUE-U‘Z
4.5000E-02 4. !mnm: 02 I 5000%-02
4.50008-62 4.5000E-02 4.50005-D2 4.50005-02 4. 02 4. 02 4. 2 4.5800E-02 4.5000E-0Z
4.5000E-07 4.50005-02 4.5000E-02 4.5000E-02
4.5000E-02 4.50008-02 4.50608-02 4.5000E-02 4.S000E-D2 4. QE-02 4.5 2 4. 2 4. 2 4.5000E-02
4.5000£-02 4.5000E-02 5000202 4.5000E-02
4,5000E-02  4.5000E-02 50008-02 4. 4. 4.5000E L 4. 0z 4. 2 4.
4 SQDDI-BZ 4.5000E-02 4.5000E-02  4,5600E-02
4.5 02 4 4.500CK 2.5000E-02 4.5000E-02 4.5000E-07 4.5000E-02 4.5000E-02 4.5000E-02
‘ 50005-02 4.5000E-02 4.5000E-32 4.5000E-02
F{landa} . ALONG ROWS FOR LAYER 5 WILL BE READ ON UNIT L1 UAING BLOCK CORMAT
Zz 3 4 s L] 7 L] s 10
12 11 14 N
1.394 1.394 1.384 1.3%4 1 394 1.394
1.394
1.394 1.394 1.394 1.394 1.3%4 L1.394 1.394
1.3%4
1.3%4 1.394 3.394 1.394 1.394 1.394 1.394
1.394
1.3%4 1.3%4 1.394 1.3194 1.394 1.394 1.3%4
1.394
1.394 1.394 1.394 * 1.3%4 1.384 1.394 1.394
1.394
€xp n ALONG ROWS FOR LAYER 5 WILL DE READ OM UNIT 11 USING BLOCK FORMAT
5 L] T L] i 10

6.5100E-02 6. 5!005 DZ
6.S1C0E-02 6.510DE-02
6.5100E-02 6.5200E-02
6.51006-02 6.5100E-02

6.5100€-02 6.5100E-02

TRANSMIS. ALONG ROWS FOR LAYER 5 BILL BE READ ON UNIT 11 USING BLOCK FORMAT

5 !401: ﬂJ 5 le'lE-D!
5.2487B-0] 5.2487E-03
5.2497E-03  5.2497E-03
5.2487€-03 5.2487E-03
5.24€7E-03 5.2487€-03
5.2487E-03 5.24B7E-01
5.24672-03 S5.24B7E-03
5.24878-03 5.2487E-03
5.24875-02 5.2467E-03
5.2487E-03  $.24878-03

$.2497€-03
5.24872-03
5,2407E-03
5.2487€-02
5.2487E-93
5.24876-03
5.2487E-03
5.2487E-03
§.2487E-03
5.2487E-03

L) 5 6

14
S 2“7!}-03 5 24!75 03 5 24!7}:-03
5.24972-03
'5.2407E-03 5.24€7E-03 5.2467E-D2
5.2487£-03
5.2487E-03 5.24B7E-03 5.2487E-03
5.2487E-D3
5.24075-03 5.24B7E-03 5.2487E-D2
5.2487E-03
5.2487E-03 5.2407£-03 5.2487E-03
$.2487E-D3

§24875-03 5 2407603
$.2887E-03 5.24876-03
5.24876-03 5.24870-03
5.2487£-02 5.2487€-03

5.24876-03 5.2487E-D3

5.2487E-03  5.2487E-03

$,2487E-03 5.2487E-03
5.2467E-03 5.2487E-03

5.2487E-03  5.24876-03

VERT HYD COND /THICKNESS TOR LAYER 5 WILL BE READ ON UNIT 1l USING BLOCK FORMAT

5 6482L-02 5.648ZE- 5,648 2
5.6402E-02 5.6402E-02 5.64825-02
5.64928- ﬂZ ﬁ 6482E-02 5 H4B2E-02

- 6462E- 02 5 suz:-oz-

564028502 'S 6402502

5.
S 6482E-02 5 64!2!-02 5 GCQZS«GZ
$.6482E-02 5.6482E-02 9.6482E-02
5,.6482E-062 5.6482E-02 5.5482E-02
5,.6402E-02 5.6482E-D2 5.64828-02
" 2 2

5. 5. 3.
5.6482E-02 5.64B2E-D2 5.6462E-02

5.64026-02 )

5 GIBZE-DZ 5.64828-02 S. 12 5. 5.

5 5‘92ﬁ<°2 5.6492E-02 5.6402£-0Z 3,8402E-02 §.6482E-02
5.6482E-02

5.64020-02 $.6482E-02 5.6402£-02 5.6462E-82 5. 2

5.6482E-02
5.6402E-02 5.6482E-02 5,6482E-D2
5.6482E-02

i EIBZE ﬂZ 5 uiz-r':-éé-
5.54626-02 5.6482E-02

§_G4B82E-02 5.64B2E-02

5.64828-02 5.6482E-02

5.

5.6482

5.6482E-02 5.6482E-02

wleccond. ALONG ROWS FOR LAYER 6 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

1 z 3 4 5 3

11 1z 13 14
l T2208-02 1 TZZBE-OZ I.TZZQE‘UZ l 7220E-02 1. 7220!; a2 L"ZZM-DZ
1.72208-02 1.72208-0z 1.7220E-02 1.7220E-82
1.7220£-02 1.7220E-02 1.7229F-02 1.7220E-082 1.7220E-02 1.7220E-02
1.72208-02 1,7220E-02 1.7220E-02 1,7220E-02
1.72200-02 1.72208-02 1.7220E-02 1.722QE-02 1.7220E-02 1.7220£-02
1.7220€-02 1.7Z20E-02 1.7220E-02 1.7220E-02
1.7220£-02 1.7220E-02 1.7220B-0Z 1.7220B-02 1.72206-02 1.7220E-02
1.7220£-07 1.72208-02 1.7220E-02 1.7220E-02
1.71220E-02 1.7220F-02 1.7220E-02 1.7220E-02 1.7220E-02 1.72Z0E-02
1.7220€-02 1.7220£-02 1.7220E-02 1.72206-02

1.7220E-02 1.7220E-02
1.7220F-02 1.7220B-02
1.72208-02 1.72208-02
1.7220E-02 1.7220E-02

1.7220E-02 1.72205-02

1,72
1.7220£-02 1.7220E-02
1.7220E-02 1.7220E-02
1,72205-02 1.7220%-02
1.72208-02 1.7220E-02



1-27
OUTPUT-H2 .txt

Moiscont. ALONG ROWS FOR LAYER & NILL BT READ ON UNIT 11 USING BLOCK FORMAT

3 i [ 9 1
o "1 Tolizen . X Thl1z60 6.1260 o.zeoUalizes T alizen T olizé0”olize0
t.1260 0.2280 0.1260 03260
0 2 6.1260 0.1260 0.1260 0.1260 0.1260 ©.1260 0.1260 0.1260 0.1260 0.1260
01260 0. 1260 0.1260 0.1260
0 3 0l1260 0.1260 0.1260 01260 0.1260 0.1260 0.1260 0.1260 1.1260 0.1260
0 1260 0.1250 0.1260 v.1260
v a4 0.1260 v.1260 0.1260 0.1260 o.1260 0.1260 0.1260 0.1260 b.1260 0.1260
0:1260 v.1260 0.1260 13260
¢ s b.1260 01260 01260 01268 c.1260 0.1260 0.1260 o.1260 0.1260 0.1260
01260 al1260 001260 01260
o
Sat Mois. ALOWG KOS FOR LAYER 6 WILL BE READ OM UMTY L1 USING BLOCK FORMAT
1 z 3 . s 5 1 ® 9 1
n 2 13 14
o TR T e s Tataese T elae T alane T Thise T Taldnsa 03750
0.3750 n.arse 013750 53150
1z 0370 0.3750 03750 013750 0.3150 £.3750 0.3750 0.3150 8.3150 0.3750
0.3750 03750 0-3750 0.3750
5 3 0l3ms0 03750 :3750 03750 0.3750 .3750 0.3750 0.37%0 03750 0.3750
0-3750 03150 0.3750 073750
D o4 0.3750 01750 0.2750 03750 0.3730 0.3750 0.3750 0.3750 0.3156 n.3750
03750 0 3150 03750 0.3750
b5 0.3750 0.3750 u.3750 03750 0.37%0 0.3750 0.3750 0.3750 0.3750 v.37%0
03730 03750 03750 03150
o
Red Mois. ALONG ROWS FOR LAYER 6 NILL BE READ ON UNIT 11 USING BLOCK FORMAT
] " s 10
ol . 02 4 5000E-02 456008 0z 4.5000E-02  4.5600E-02

4.5000E-02 4.50008-02 4.5000E-02 5S000E-02

0 2 4.5000£-02 4.5000E-02 4.5000E-02 4.S000E-02 4.5000£-02 4.50006-02 4.50008-02 4.5000E-02 4.5000£-02 4.5000£-D2
4.5000L-02 4.5000E-02 49.5000E-92 4.5000E-02

0 3 4.50008-D2 4.S000E-02 4.5000E-G2 4.5000E-02 4.50005-02 4.50DDE-02 4.5000E-02 4.5000E-02 4.5000£-02 4.500C0E-02
4,5000£-02 A4.5000E-02 4.50006-02 4.5000E-02

0 4 4.5000E-02 4.50008-02 S000E-0Z 4.S0D0E-D2 €.5000£-D2 A.SOD0E-02 4.5000E-02 4.5000B-02 4.5000E-02 4.5000E-02

4. .50008-02 2 4.50008-02

0 5 4.5000£-02 4.5000E-02 4.500CE-02 4.5D00E-02 4.5060E-02 4.5000E-02 4.S000E-02 4.S000E-02 4.5000E-02 4.5C000L-02
4.S000E-02 4.5000£-02 4.5000E-02 4.50D0E-02

F(lamda) . ALONG RONS FOR LAYER & WILL BE READ ON UNIT 11 USING BLOCK FORMAT

s [} 10
” 1.394 1.394 1.394
1.394 1.394 1.394
1.394 1.394 1.394
1.394 1.394 1.394
1.3194 1.394 1.35%4

1.394 1.394 1.394

1 2 1 L] 5 6 1 L] 9 10
11 12

s.aiﬁn:-nz 6. 6.5100 6.510

£.51008-02 §.51008-02 6.5100E-02 6.5100E-02

0 2 6.5100E-02 6.5100B-02 6.5100E-02 6.51006-02 6.5100E-02 6.5100E-02 §.5100E-02 6.51008-02 6.5100E-02 6.51CCE-D2
2

6.5100E-02 6.51008-02 6.51008-02 6.5100E-02

5.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02 6.S100£-02 6.5100E-02 6.5100E-02 &6.51006-02 6.51006-D2 6.51006-02

6.5100E-02 6.5100E-02 6.51008-02 6.510QK-D2

¢ & 6.5100E-02 6.51006-02 6.51008-02 6.5100E-02 5.5100E-02 6.5100E-D2 6.5100E-02 6.5100E-02 6.5100E-02 &.5100E-02
5.5100E-02 6.51006-02 6.51006-0% 6.5100E-02

0 5 6.5100E-02 6.5100E-02 6.5S100E-0Z 6,5100E-D2 &.51006-02 6.5100E-02 6.5100E-02 6.5100E-02 &.51Q0E-02 6.3100£-02
6.5100€-02 6.51008-02 &.5100E-02 6.5100E-02

TRANSMIS. ALONG ROWS FOR LAYER 6 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

1 2 6 7 B 9 10

11 12

S12487E°03 S 2ABTECG3 5.2487B-03  §.2407E-03 S.24BIES03 3 2487E-03 5.

0 1 5.24875-03 5.2467E-01
5.2487E-03 5.2497E-0] 5.24878-D3

0 2 5.2487E-03  5.2487E-03 5.24876-03 5.2487C-02 5.2407£-03 5.2487E-03 5.2487E-03 5.24876-03 5.2487E-03
5.2487€-03 5.2487E-81 5.2487E-03 5.2487E-03

[ ] 5.2487E-03 S. TE-B63  5.2487E-03 5. 7€-03 S5.24B7E-03 5.Z407C-03 S.24MTE-03 5.24878-03 5.2487E-03 5.2497E-02
5.2497C-03  $.2487E-03 5.24075-03  5.24076-03

0 4 5.24B7E-03 5.2407E-03 5.24872-03 $.24075-03 5.2487£-03 5.2487E-03 5.2487E-03 5.2487E-03 5.2487E-03 5.2487€-03
5.2407E-03 5.2467E-03 5.2487E-03 5.2487E-03

o s 5.2487E-02 3.2497E-03 S5._2487£-01 5. 76-03  S.2487E-03 5.2487E-03 5.2487E~-03 5.24078-03 5.2487E-03 5.2487£-03

5_Z4B76-03 5.2487E-03 5.2487E-01 5.2487E-03

3

VEKT HYD COND /THICKNESS FOR LAYFR 6 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

2 5 6 7 L] v 10

1z

. E-0Z 5.64B2E-02

5.6482E-02 5.64B2E-02 5.6462E-02 $.64B2E-02

0 2 5.6462E-D2 5.64BZE-02 5.6A82E-02 5.64BZE-D2 5.648ZE-02 5,GA02E-07 5.6482B-U2Z 5.64826-02 5.6482E-02 35.6982E-02
5.6482E-02 Ao 5.64826-02 5.6482E-02

0 3 5.6482E-02 5.6M82E-02 5.6482E-02 3.6482E-02 5.64B26-02 5.64625-02 5.6482E-02 5.6402E-02 5,6402E-02 5.8482E-02
5,6482E-02 5.6402E-02 5.6482E-02 5,6482E-02

0 4 5.6482E-02 5.64B2E-02 S5.64B2E-02 G.64R2E-02 S_6482E-02 5.64822-02 5.GAB2E-D2 5.6482E-02 5.64826-02 5.6402E-02
5.6482E-02 5.6482E-02 5.6482E-02

0 5 S5.6482E-02 5.B482E-02 5.6482E-02 5.6482F-02 5.64026-02 5.64B2E-02 5.6482E-02 5.6482E-02 5.6482E-02
5.6482E-07 9.64B22-02 §.64825-02 &5.5482E-02 .

SIGABIEI02 SIGABIERZ 5. GAGZE-02 5.SMBZD-02 5 6402602 66462602

gléccond. ALGNG ROWS FOR LAYER 7 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

1 2 3 -4 5 £ ? [ 9 10
i1 12 13 14

o 1 ihazeets i heseniasii320606a T 1320600 1l320e b2 17220602 17720802 Livzave 02’ 1.9z2de0% 1.7230k-




1-28

OUTPUT-H2.txt

1.72206-02 1.7220E-0Z 1.7220E-02 1.72208-62
0 2 1.7220€-02 1.7220E-0Z 1.72200-02 1.7220€-02 1.7220E-02 1.72208-02 1.T220E-02 1.7220E-02 1.7220E-0Z 1.7220E-02
1.72206-02 1.72208-02 1.72206-02 1.7220E-02
0 3 1.72206-02 1.72208-02 1.7220E-02 1.7220E-02 1.72206-0Z 1.7220E-02 1.7220E-02 1.7220E-02 1.7220E-02 1.72208-02
1.712206-02 1.7220E-D2 1.7220E-02 1.722CE-02
9 4 1.7220£-02 1.72208-02 1.72200-02 1.7220E-02 3.7220£-02 %,7220E-02 1.72208-02 1.7220E-02 1.7220E-02 1.7220E-D2
1.7220€-02 1.72202-02 1.7220E-02 1.7220E-02
0 5  1.1220e-02 1.7220E-02 1,72208-02 1.72208-02 1.7220£-02 1.72206-02 1.12206-02 1.72206-02 1.7220E-0Z 1.7220E-02
1.7220E-02 1.72206-02 1.722DE-02 1.7220E-02
0
MoisCont. ALONG ROWS FOR LAYER 7 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
] . 5 3 ) ] [ 10
pel
071 0126 . . oizea | e.ized  o.1280 atzes’elizen o.ized  0.1260
0.1260 0.1260 0.1260 0.1260
¢ 2 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
0.1260 0.1260 0.1260 0.1260
0 3 ©.1260 0.1260 0.1260 0.1260 ©.1260 0.1260 0.1260 ©.1260 0.1260 0.1260
0.,2260 0.1260 0.1260 0.1260
¢ 4 ©£.1260 0.1260 0.1260 2.1260 t.1269 D.1260 a.1260 0.1260 0.1260 0.1260
B.1260 0.1260 0.1260 8.1260
o 5 0.1280 B.1260 u.1260 0.1260 ©.1260 0.1260 0.1260 10,1260 Q.1z60 0.1260
B.1260 0.1260 0.1260 G.1260
o
AT Moiy. ALONG RONS FOR LAYER 7 NILL BE READ ON UNIT 1l USING BLOCK FORMAT
1 2 3 a 5 6 T L] 9 )
11 12 12 14
B T T I L JE B e A E
0.3750 0.3750 0.3750 0.317150
o 2 D.3750 0.2750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3730 0,3750 2.3750 0.3750
0 3 0.3750 0.3750 0.37%0 0.3750 0.3150 D.3750 0.2750 0.3715¢ 0.3750 0.3750
0.3750 0.2750 9.3750 0.37%0
o 4 0.3750 0.375¢ 0.3750 0.3750 0.375C 0.3750 0.3750 0.37150 0.3750 0.3750
0.3750 0.3750 0.37%0 0.37150
o5 06.3750 0.375¢ 0.3750 0.31750 0.37150 0.3750 0.3750 0.3750 a.3750 0.3750
28.3750 0.3750 9.3750 0.3750 :
0
Res Mois. ALONG ROMS FOR LAYER 7 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
E 3 4 5 & 7 8 9 10
12 13 14
150808003 4.5300E-02 A 50G0B-0 A.S00CE-63 4.30008-02 4.5001£-02 4.5000E-02  4.50008-02 4.50006-0%
[ . 4.5C00E-02
o 0 0z 4. 2 4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-02 4.50R0F-02 4.5000£-02 4.50006-02 d4.5000E-02
4.5000E-02 4.5000E-02 4.5000£-02 4,5000E-02
[ 4.5000E£-02 A.50006-02 4.5000E-02 4.S000E-02 4.5000E-02 4.50005-02 4.S000E-02 4.5000E-0Z 4.5000E-02 4.500DE-D2
4.5000£-02 4. . 4.
[ | 5000E-02 4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-02 4.50008-02 4.500DE-02
5000£-0Z 4.5000E-02 4.5000F-087 4.5000E-02
5 SO00E-02 4.5000E-02 4.50008-02 4.S000E-(2 4.5000E-02 4.5000E-D2 4.SOU0E-02 4.50DDE-02 4.5000B-02 4.50DDE-02
4.5000E-02 4.50005-02 4.S000E-02  €.5000E-02
[
F{lamda} . ALONG RONS FOR LAYER 7 WILL BE READ ON UNIT L1 USING BLOCK TORMAT
5 & 1 L] 9 1n
Ui e
1.394 1.394 1.394 1.354 1.394 1.394
1,394 1.394 1.394 1.3%4 1.394 1.3%4
1.3%4 1.394 1.394 1.394 1.394 1.394
1,394 1.394 1.39a 1.294 1.394 1.394
Exp n . ALONG ROWS FOR LAYER 7 NILL RE READ ON UNIT 11 USING BLOCK FORMAT
+ 5 6 1 9 9 w0
14
o X . . T$1078-07 6.51008-00 6.51006-03 6.51006-02 6.5100E-02 6.51006-D2 6.5100E-02°
6.5100€-02 6.5100E-0Z &.SIDDE-0Z 6.$190£-02
02 6.5100£-02 6.5100E-07 6.51008-02 6.S1D0E-D2 6.S100E-02 6,.510DE-DZ &,S100E-02 6.5100E-02 6.51008-02 6.5100E-02
6.5100E-02 * 6.5100E-02 6.51006-02 6.5100E-02
D3 6.51008-02 6.5100E-02 6.5100E-02 6&.5100£-02 6.5100£-02 6.5100E-02 6.S100E-0Z 6.5100E-02 6.510CE-02 6.5100E-02
6.5]00E-02 6.5100E-02 6.51008-02 6.51D0E-82
o 4 6.5100£-02 6.5100E-02 6.5100E£-0Z 6.51006-02 6.5100£-02 &.51DDE-02 6.5100E-02 6.5100E-02 6.5100E-02 6.51008-02
6.51005-02 6.5100E-02 6.5100E-02 6.5100B-02
¢ 5 6.51008-02 6.5100B-02 6.5100E-02 6.51D0E-02 6.5100E-02 &.5100E-02 6.5100L-02 6.5100E-02 6.5100E-02 6.3100E-02
6.51000-02 &6.51008-02 6.5100E-02 6.3100B-02
0
TRANSKIS, ALCNG ROWS FOR LAYER 7 WILL BE READ OM UNIT 11 USING BLOCK FORMAT
1 2 J 1 5 & T L} 9 10
31 pr3 13 14
071 5lz2aniei0d” S zaeE 0d s daaielhd s € 3
5.2407E-03 5.2467E-0) 5.2407E-03
9 2 §.2487E£-03 5.2407E-03 5.2407E-07 3.2487E-03 S.2487E-D3 5.24076-03 5.2487€-03 5.24H7E-03 5.Z2407£-03 5.2407TE-03
- E-031 5.2407E-03 5.2487E-01 5.24087E-03
23 5.2 £-03 5.24976-01 5.24687E-G3 5.2487-03 S.2487E-03 5.2487E-DI 3.2487£-03 5.2407E-03 5.2407E-03 5.2487E-03
5.24672-03 5.2487e-03 5.24B1E-03 5.2407E-03
0 4 5.2487E-01 5.24876-03 5.2487E-01 S.2487£-03 S.2487E-03 5.2487E-03 5.2487E-03 5.7487E-03 5.2407E-02 5.2487L-03
5.2487E-03 5.2497-03 S.2487E-0] §5.7487E-03
B s $.2487E-03 7E-03 5.2487E-0) 5.2487£-03 5.2487E-03 5.Z4875-03 5.Z4BYE-03 §.24876-03 S5.24B7E-03 5.Z4B7E-03
5.2497E-01 5.2487C-03 5.2487E-01
0
VERT HYD COND /THICKNESS FOR LAYER 7 WILL BE READ OH UNIT 11 USING BLOCK FORMAT
3 4 3 ] v L) L] 10
13 14
o . "§l6ABIE03SI6ARTE-D2 5.64820-02 5.6492E02 5.6462602 5.
5,5482E-02 - 5.6402E-02 5.6482E-D2
[ 3 E.6462E-02 5.6482E-02 S.6402E-0Z 5.6482E-02 S. 8. 5. 5.6482E~D2 5.6482E6-02 5.6482E-02
5.64825-02 5.6482E-02 5.6402E-02 5.6462E-02
o3 5.64828-02 5.64B26-07 &.6402E-02 5,6462E-02 5_6482E-02 5.6482E-DZ 5.54B2E-02 5.6482E-D2 5.6402E-02Z 5.64BZE-DZ
5.6402E-02 5.6482E-02 5.648ZE-02 35.6462E-D2
D 4 3.6482E-02 5.6462E-02 5.5432E-02 5.64B2E-02 5.6402E-0Z 5.64620-027 5.6482E-02 5.6482E-02 5.6482E-02 5.6482E-02
5.64826-02 S 5.644. 2 5.
a5 5.6482E-02 5.G48ZE-02 5.6482E-02 5.6482E-02 5.8402E-02 5.6482E-02Z 5.6482E-02 5.64B2E-0Z 5.6482E-02 5.64826-02

5.6462€-02

B N 5.



1-29
OUTPUT-H2.txt

eleccond. ALONG ROSS FOR LAYER @ MILL BE READ ON UNIT 11 USING BLOCK FORMAT

E) & 7 8 v 10
o 02 1l L1220 Uilizagpenz 1.v2205-02  1.92208-02 1.7220m-02 1.7220E-02  1.7220E-02
1.72200-02 1.77208-02 1.72206-02 1.72206-02
0 2 1.72206-02 1.7220F-02 1.72206-02 1.12206-02 1.T2206-02 1.72206-02 1.12206-02 1.7220E-02 1.72206-02 1.7220E-02
1.72206-02 1.7220-02 1.72200-02 1.1220E-02
0 3 1.12206-02 1.92206-02 1.72206-02 1.7220E-07 1.T220E-02 1.02206-07 A.7220E-02 1.12206-02 1.72206-02 1.72208-02
1.7220F-02 1.7220E-02 1.72206-02 1.12206-02
D 4 1.72706-02 1.7220E-02 1.72206-02 1.72706-02 1.72200-02 1.72206-02 1.92208-02 1.72206-02 1.72206-02 1.72206-02
1072206-02 1.72208-02 1.7220£-02 1.72206-02
0 5 1.72206-02 1.72200-02 1.72208-02 1.12208-02 1.72206-02 1.7220E-02 1,72206-02 1.72208-02 1.72206-02 3.72206~02
1.72206-02 1.7220£-02 1.72206-0z 1.7220€-02
3
MoisCont. ALONG ROWS FOR LAYER § WILL BE READ ON UWIT 11 USING BLOCK FORMAT
1 z 3 ] 5 s 1 ] s n
1 1z 13 u
o1 alizes T Talizes  elizeo olizes o.izen  6.1zéd  0.1266 o.12e0 0.1zé0 oazes
01260 0.1260 a.1260 1260
o 2z D0l1260 01260 01260 02260 0.1260 0.1260 0.1260 8.1260 0.1260 0.1260
0.1260 0.1260 01260 01260
o 3 Dp.az6e 01250 01260 01260 5.1260 0.1260 0.1260 0.1260 v.1260 0.3260
0.1268 01260 0.1260 11260
9 4 0.1260 1.2260 0.1280 01260 b.1260 0.1260 0.1260 0.1260 0.1250 0.1260
01260 0.1280 0.1260 1260
o 5 0.1260 01280 01260 01260 01260 0.1260 0.1260 0.1260 0.1260 0.1260
01260 21260 0.1260 01266
°
sat Nois. ALOWG RONS FOR LAYER § Wil BE READ ON UNIT 11 VSING BLOCK FORMAT
5 s ", o s 1
° . g Thmse T oipseT T eatsa T alanse T alanse T Tolaase T
013750 8:3750 3750
oz D.37%0 0 1150 13150 5.3750 0.3750 ¢.3150 b.3750 0.3750 0.3750
23150 0.3750 0.3750
v 3 03se 0.3750 213750 8.3750 0.3750 0.3750 0.3750 03150 0.3750
D.3150 0.3150 0.3750 :
0 4 0.375¢C 0.3750 0.37%0 a.31758 0.3750 06.3750 0.3750 0.3750 0.3750
013750 03730 03750
0 s 9.3780 03150 03750 5.3150 0.3750 0.3750 0.3750 03758 23750
2.3750 0.3130 53150 3150
[
Aes Hoin. ALONG RON3 FOR LAYER © WILL DE READ ON UNIT 11 USING BLOCK FORMAT
1 z 3 5 6 1 [ ’ 10
11 12 13
0 L al5000E-02  4.50006-07 4.S0par-07  4.5ODOE-13  4.50005-02 4.5000E-02 4.5000B-03 4.5000£-02 4.5Q00E-02 4.SO00E-0Z
4(S000E-02 4.5000£-02 4.500DE-0Z 4.SODDE-0Z
D 2  4.5000E.02 4.5000E-02 4.50005-02 4.S00E-0Z 4.5000E-DZ 4.S0DOE-02 4.500CE-0Z 4.5000E-02 4.50005-02 4.5000E-02
4150006-02 4.50006-02 4.5000T-02 A.SOODE-02
D 3 A000E-G: SOCE-DE 4-SUU0E-02 A.SODOE-DZ 4.5O00E-Dz 4.SO0OG-0Z 4-SO00EDZ 4.SODOE-OZ 4.SUOOE-0Z 4.5000E-02
4150006-02 4. 425000
0 4 4.30006-02 4. S 45000507 +.8000-05 4.SO00E-UZ 4.SDUE-02 4.5000E-0Z 4.SUDGE-DZ 3,S006-07 4.5000E-G2
4.S000E-02 4.5C000E-02 4.5000E-07 4.5000E-i2
D 5 4.50006-02 4.5000E-B2 4.5000E-02 4.SOODE-DZ 4.S000F-02 4.5000-02 4.50008-02 4.50006-02 4.50006-02 4.5000E-02
AI5000£-02 4 S0DOE-D2 4.5000E-02 4.SO00E-0Z
F(lauda) . ALONG koMS FOR LAYER B WILL BE READ ON UNIT 11 USING BLOCK FORMAT

s 6
s s
1.304 1.394
1.3% 1.358
1.354 1.394
1.394 1.394

1 [
1.394 1.394
1.3%4 1.394
1.394 1.394
1.3%4 1.3%4
1.394 1.394

9 10
1.394 [
1394 1.394
1.394 1.304
1.394 1.304
1.394 1.394

Exp n
1 2 2 4 s 6
1L 12 13 4 .
e 1 ESIUOE 02 65100!—02 bsxnm:-nz 65100!-02 ssmnc-oz E!Iﬂﬂ! DZ
6.5100£-02 6.5100P~02 6.5106E-02 &.51008-02
8 2 6.5100E-02 6.51008-D2 6.510DE-02 6.51006-02 €.5100E-02 6.51002-02
6.51008-02 6.5100€-02 6.5100E-02 6.5100E-02
0 3 &.5100£-02 6.5100E-02 6.5}0DE-02 &,51008-02 6.5100£-02 6.5100E-02
6.5100E-02 6.5100E-02 &,5100E-02 £.5100€-02
® 4 6.51005-02 6.S100E-0Z 6.5100E-02 6.51008-02 6.5100£-02 6.5100E-02
5.5100E~02 6.5100E-D2 6.5100E-02 6.5100E-02
b 5 6.5100£-02 6.5100£-02 4.5100E-02 6.5300£-02 6.5100E-02 £.5100E-02
6.5100£-02 &6.5100E-02 6.5100E-82 6.5100£-02
8

6 HME DZ 6 5100!2-412
6.5100E-02  6.51006-02
.5100E-02 6.5100E<02
6.5100E-02 6.5100E-02

6.5100E-02 6.51008-02

£. ELWI-WZ 6.5100E-02
6.51060E-02 6.5100E-D2
£.5100E-02 6.5100E-02
6.51006-02 6.5100B-D2

6.51008-02 6.51CDE-02

FOR LAYER § MILL BE READ ON UNIT 1l USING BLOCK FORMAT

03''5 2a675-03 " ' 24876 03

5.24876-03

[ 5 2487€-03
5.24670-03 5.2407C-03 5.2487E-03 5.24087E-03

0 2 5.2497C-D3 5.2497E~03 5.2487E-03 5.2487E-01 $.2487£-03 5.24B7E-03
5.24876-03 5.2487E-03 5.2487E-01 5.2487E-03

9 3  5.2487£-03 5.2487E-03 5.2487E-03 5.2497E-03 5.2487TE-03 5.24B7E-03
5 24875-03 5.2487E-03 5 24.1!-03 5.2487E-03

LI} TE-03  5.2887E-03 E-03 5.2487E-03 5.2487£-03 5.2487L-13
.S 7E-03  5.2467E-03 5 20!7!:-03 03

@ 5 5.24B7£-031 5.2487E-03 5.2497TE-03 24 5.2487E-D3  5.Z4B7E-DX
5.24872-03  5.2487E-03 5.2467E-03 5.2407C-03

o

$.2407603

s.ZQITé-'DJ” ;:ZIBTI-U;.

5.24872-031 5.2487€-01
5.2487E-01 5.2487¢-03
5.2497E-031 5.2407E-03

5.Z48TE-03 5.2487E-03

'$.24076-03 5. 21915—01

5.2487E-03  5.2487E-03
5.2487£-03  5.2437E-03
5.2407E-03  5.24878-03

5.2497E-03  5.2487E-03

VERT HYD COND /THICKNESS FOR LAYER O WILL BE READ ON UMIT 11 UIING BLOCK FORMAT




1-30

OUTPUT-H2.txt

5_64826-02 5.6482E-02 5.
5.64826-02 §.64828-02 5.5482E-02
5.5482E-02 5.6402E-02 5.6482E-02
5.64828-02 &.6482E-02 5. 6“2!—02

S 5482E~02 5 64! [-ﬂZ S. 2|

5.6
S 64B2E-02 5 6“2! 02 5. bQBZE-OZ
5.6482E-02 5.6482E- BZ 5 6482E-02
5.6482E-02

02 $.6482E-02 5.6482E-02 5.64B2E-02
5.6402E-02
5.6402E-0Z 5.64B22-02 5.6402E-0Z
5.6482E-02
5. 2 5. 02 5.6402E-02
02 5.64R2E-02
5.64826-02 5,6482E-02 S.6482E-02
5.6482E-02
5. 5.6482E-02 5.6482E-02
5.6482£8-02

5.
5.6482E-02 5.6462E-02 .‘x EHZE-BZ

eleccond. ALONG ROES FOR LAYER

5.6482E-02  5.64B2€-02
5.6402E-02 5.6482E-02
5.64826-02 S.64B2E-02
5.64BIL-D2 5.6482E-02

$.6492E-02  5.64B2E~D2

5.6482E-02 5.6452E-02
5.6482E-02 5.6482E-02
5.6482E-02 5.6482E-02
5.64828-02 5.64B2E-02

5.6482E-02 5.6482E-02

¢ WILL BE READ OM UNIT 11 USING BLOCK FORMAT

11 1z

1. 72205 UZ L T220E-02 1.7220E-02
1.7220E-02 1.72206-02 1.72208-02
1.7220€-02 1.7220E-07 1.7220E-02
1.7220€-02 1.72208-02 1.72208-02
1.72206-02 1.72208-62 1.7220E-02
1.7220E-02 1.72208-02 ).7220¥-02
1.72206-02 1.7220E-02 1.7220E-07
1.72208-02 1.72208-02 1.7220E-02
1.7220E-02 1.7220E-02 1.7220E-02
1.72208-02 1.7220C-02 1.7220E-02

ST220E-

1.7220E- 02 1.7220E-02 1.7220E-02
1.72208-02
1.1220E-02
1.7220e-02
1.7270E-02
1.7220E-02
1.7220E-02 1.7220£-02

1.72208-02

1.72208-02  1.72206-02

1.72206-02 1.7220E-02

1.72208-02

o3 17220802

1" Tals000802 4

MoinCont. ALONG ROWS FOR LAYER

l‘.‘T?ZD!—DZ
1.7220£-02 1.7220E-02
1.7220E-02  1.72Z0E-02
1.72208-02 1.72205-02
3.7220E-02 1.7220£-02

9 10
“1lr2z0ei0z 1.72208-02
1.7220E-02 1.72208-02
1.72208-02 1.72208-02
1720802 1.71220-02

1,7220£-02 1.7220£-02

9 WILL BE READ ON UNIT 1l USING BLOCK FORMAT

1 z 1 4 5
1 1z 13 4
D.1260 0.1260 6.126¢ @.1250 0.1260
D.1260 £.1250 0.1260 0.1260
D.126G 6.1260 0.1260 0.1260 0.1260
D.1260 0.1260 0.1260 0.1260
D.1260 0.1260 0.1260 0.1260 0.1260
0.1268 5.1260 0.1260 0.1260
0.1260 0.1260 0.1260 D.1266 0.1260
0.1260 0.1260 0.1260 0.1260
0.1260 0.1260 D.1260 0.1260 0.1260
0.1260 0.1260 9.1260 0.1260

0.1260
0.1260
0.1260
0.1260
0.1260

1 L]
9.1260 0.1260
0.1260 ¢.1260
2.1260 0.1260
Q.1260 0.1260
0.1z260 a.3z80

s ac
arizeeolazen T
6.1260 0.1260
0.1260 0.1260
0.1260 0.1260
0.1260 0.1260

sat Mois. ALONG ROSS FOR LAYER § WILL BE READ ON UNIT 11 VAING BLOCK FORMAT
5 [ 1 8 ’ 10
o.3350 bl Caane T el Telanee T elase T alaase T naatse
03750 03750
0.3750 0.3750 0.2750 03150 0.3750 0.3750 0.3750 v.3750
0.3750 03750
5.3150 03780 03150 0.3150 0.3750 0.3750 0.3750 0.3150 0.3150
0.3750 0.3750 0-3780
0.3750 03180 037150 0.3750 0.3750 0.3750 0.3150 03750 0.3750
0.3750 0.3750 2.3730
03136 03150 03750 0.3750 0.3750 0.3750 o.3150 03750 1.3750
0.3750 03750 02750 03750
Res Mois. ALONG RONS PoR LAVER 9 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 2
1 1z

o

4.50008-02 5000E-02
4.5000£-02 .5000E-02 4.50008-02 4.5000E-02 4.5000E-0Z 4.5000E-02 4.5000E-02 4.5000E-02
4.5000E-02 5000E-02
4.5000E-02 4.5000E-02 4.50008-02 4. 02 4. 0E-02 4. 02 4. 4.50
4.5000£-02 4.50008-02
4.SO0DE-02 4.5000E-02 A4.5000£-02 4.5000E-0Z 4.50008-02 4.5000E-02 4.5000E-02 4.5000£-02 4.50006-02 d4.5000E-02
4.5000E-02 4.5000£-02 4.5000£-02 4.5000E-02
4.5000E-02 4.%000E-02 4.5000£-02 4.5000E-C2 4.5000E-02 4.500 [ 4. 0E-02 4. Q. 0 2 4.
4.5000£-02 4.5000E-0Z 4.S000E-02 4.S000E-02
Fliamda) . ALONG ROWS FOR LAYER 9 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
5 & 1 1] 9 12
. 1.394 1.394 1.3%4 1.394 1.394 1.394
1,394
1,394 1.394 1.394 1.394 1.3%4 1.394 1.394
1.394
1.3%4 1.394 1.394 1.394 1.3%4 1.394 1.394
1.394
1.394 1.394 1.394 1.394 1.294 1.394 1.394
1.394
1.394 1.394 1.394 1.394 1.35%4 1.3%4 1.384
1.394
EXp N . ALONG ROWS FOR LAYER 9 WILL BL READ ON UNIT 11 USING BLOCK FORMAT
1 2 3 ] s 5 1 ] s 10
13 Pt 13 14
6.5100E-02 6.51002-02 6.5100E-02 6.51008-402 6.9300E-02 6510“!:-!12 6.5100E-02 6.3100E-|
6.51006-02 6.5100E-02 6.5100E-02 6.51005-02
6.5100E-02 6.5300£-02 6.5100E-02 6.5100E-02 6.5100£-02 6.5100E-02 6.5100E-02 §.5100E-02 6.5100E-02 6.51008-02
6.5H0E-0Z 6.5)006-02 6.51006-02 6.5100E-02
6.5100E-02 6.5100E-02 6.S10CE-0N2 &.51006-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02 6.51005-02 &.5100E-02
£.51006-02 6.5100E-0Z 6.5100E-02 6.5100E-02
6.5100E-02 6.5100E-02 6_3100E-02 6.5100€-02 65.5100E-02 6.51008-02 £.51006-02 &.S100E-02 6.513DE-0Z &.5100E-02
6.5100E-0Z 6.51D0E-0Z 6.51006~02 6.5100E-02
6.5100£-02 6.5100E-02 6.5100F-U2 6.51008-02 6.S100E-02 6.5100E-0Z 6.510CE-02 6.5100£-02 6.5100K-02 6.5100E-02

6.51008-02 &.5100£-0Z

6.5100E-02 6.5100E-02

TRANSHIS . ALONG ROMS

FOR LAYER 9 EILL BE READ ON UMIT 11 USING BLOCK FORMAT

5. ZQBTE ll3 5. zu‘m 01
5.2497€-03 5.2487E-03
5.24872-03 5.2487E-02
5.2497E-03 5.2487E-03
5.2487E-03 5.2487E-03
5.24B7E-01 5.2487E-03
5.24876-01 5.2487E-03
5.2487E-01 5.2487E-03

sared $.2487003  4.24876-03

B7E-03 5.2487£-03
5 2407! 63 5.2487£-03 5.2487E-02
5.2407E-03 5.2487E-03
§.24876-02 5.2407E-03 5.Z487E-03
5.24375-03 5.2487E-03
$.24976-03 5. 2!375*01 5.2487E-03
5.2487E-03 5.2 3
5.2487€-03 5. le'll:-OJ 5.2407€-03

5.2487E-02
$.2487E-03
5.2487E-D3

5.2487E-03

5.24872-03

'$12a878063 5 24a7E 03
5.2407E-03 S.24H7E-D3
5,24€78-03  5.2487E-03
$.2487E-D3 5.2487E-03

5.2487€-03  5.2487E-03

L 2‘075-03 5 24375 DJ

5.24876-03 5.2487E-02
5.2487E6-03. 5,2487E-03
5.2487E-03 5.2487E-03

5.24978-03 5.24A7E-03



0 1 5.6482E-02 5.6482E-02 5.6462E-02 5.6482E-02 5.6402E-|
5.64B2E-02 5.6482E-02 5.6402E-02 5.5492E-02
6 2 5.6882E-02 5.6482£-02 5.6482E-D2 5.6402E-0Z7 5.6482E-02 5.6482E-0Z
5.64B2E-02 5.64825-02 S5.6482E-02 5.6482E-00
0 3  5.6482E-02 $.64820-07 5.6482€-02 E-N2 5.6482E-02 5.64828-02
- . 02 5.648: Z 02
D 4 S.64828-02 5.6402E-02 5. 2 5. 2 5. 5. 5.
5.6462E-02 5.5402E-02 5.6482E-02 &.6482E-02
[ -] G46ZE-02 S_G4BZE-0Z 5.64925-02 5.6402E-02 5.64028-07 5.64820-02
0z s. 0z 5. 2 5.6482E-02
1)

a
1]
o
o
o
[

1
2
3
4

5

b3

z
3
1

5.2487E-03 5.2487E-03

5.24087E-03 5.2487E-03

I-31

OUTPUT-H2 .txt

VERT HYD COND /THICKMESS FOR LAYER ¢ WILL BE READ ON UNIT 11 USING BLOCK FORMAT

1 2

El
1z 13

11

3
14

S.6402E-02 5.6482E-02
5.6482E-02 5.6482E-02

5.6492E-02

5.6482E-02 5.6482E-02

L 10

5.G4AS2E-02 5.6492E-02
9.6402E-02 5.6482E-02
5.64826-02 5.6482E-02

5.6482E-02 5_648ZE£-02

eléccond. ALONG ROWS FOR LAYER 10 WILL 8F READ OM UMIT 11 USING BLOCK FORMAT

2 3 4 5 [ 1 L] 9 i
1z 13 14
. 0E. 1.9220€-82 1.72208-02 1.72206-02 1.7220E-02 1.7220£-02 1.72206-02 1.7220E-02 1.7220€-92 1.72ZRE-02
1.7220E-02 1.7220£-02 1.72208-02 1.72206-02
1.72206-02 1.1220E-02 1.72206-02 1.7220E-02 1.7320E-02 1.7220E-D2 1,7220£-02 1,7220E-02 1.72206-02 1.7220E-02
1.72206-02 1.72208-02 1.7220E-02 1.7220E-02
1.7220E-02 1.T220E-02 }.7220E-02 1.7220E-02 1.12208-02 1.7220E-02 1.7220C-02 1.1220E-02 1.7220E-02 1.7220E-02
1.7220£-02 1.7220E8-02 1.7220E-02 1.72208-02
1.7220E-02 1.7220B-062 1.7220E-02 1.72208-02 1.71220E-0% 1.7220B-02 1.7220E-02 1.7220E-02 1.7220£-02 1.7220E-02
1.1220E-02 1.7220E-02 1.72208-02 L1.722DE-02
1.72206-02 1.7220E-02 1.7220£-02 1.7220E-02 1.7Z206-02 1.7220E-02 1.7220E-02 1.72208-02 1.7220E-02 1.7220E-02
1.7220£-02 1.T220E-02 1.7220E-02 1.7220F-02
MoisCont. ALONG RONS FOR LAYER 10 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 2 3 4 5 6 1 8 9 16
11 1z 13 14
0.1260 0.1260 6.1260 0.1260 0.1260 b.1260 0.1260 6.1260
0.1260 9.1260 0.1260 b.1260
0.1260 0.1260 0.1260 0.1260 0.1280 0.1260 0.126C 0.1260 0.1260 0.1260
0_1240 0.1260 6.1260 0.1260
0.1260 0.1280 2.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.126C 0.1260
0.1260 0.1260 0.1260 0.1260
0.1260 0.1260 5.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
D.1260 0.1286 9.1260 0.1260
0.1269 0.1268 0.1260 0.1260 6.1260 6.1260 0.1260 0.1260 0.1260 0.126D
0.3260 0.1260 8.1260 0.1260
Jat Moi3. ALONG ROES FOR LAYER 10 WILL BE RERD ON UNIT 11 USING BLOCK FORMT
2 3 4 5 L] 1 L] L] 10
12 12 14
¢.37150 2.3750 0.3150 0.3730 0.3750 0.3750 0.375¢0 0.3150 0.3750
0.3750 0.3750 0.375¢0
2.3750 D.3150 4.3750 1.3150 ¢.2750 0.375¢0 0.3750 ¢.3750 0.37s80
§,3750 0.37150 0.3750
0.3750 0.1750 2.3150 2.3150 0.3750 0.3750 0.3750 0.3750 9.3750
0.3150 0.37%0 0.3750
0.3150 0.3150 0.2750 9.3750 0.3750 0.3750 0.3750 4.3750 0.3750
9.37150 0.3750 0.3750
- 0.3150 £.37150 0.3750 2.3750 0.3750 0.3790 0.3750 0.3750 0.3750
0.3750 0.3750 6.3750 0.2750
Res Moiy. ALONG ROWS FOR LAYER 10 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
i 2 3 4 5 6 k [ ? 1o
11 12 13 14
4.50008-02 4.500CE-02 4.50008-02 4.5000E- .5000E-02 4.5000E-G2 4.5000£-02 4,5000E-02
4.5000E-02  4.5000E-02 4.5000C-02 4.5000E-0Z
4.5000£-92 4.5000E-D2 4.5000E-02 4. 2 4. 4.50! 4. 4.5000E-D2  4.50C0E-DZ  4.S000E-02
.5000E-02 4.500DE-02 4.5000E-02 4.5000E-02
,5000E~DZ 4.5000E-02 4.50006-02 4.5000£-b2 4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-02 4.5000E-0Z 4.5000E-02
.50006-P2  4.50006-02 4.5000E-02 4.50D0E-D2
4.5000E-02 4.500DE-02 4.5000£-02 4.50D0E-D2  4.5000E-02 4.S000E-02  4.50006-02 4. 02 4. 2 4.
4.50C0E-D2 4.5000E-02 4.5000£-02 A.5SDDDE-02
4.5000E-02 4.5000E-D2 4.5000£-02 4.5000E-02 4.SO0DE-D2 4.50002-02 4.5000E-02 4.50008-02 4.5000E-02 4.50008-02
4.5000E-02 4.5000E-D2  4.50002-D2 4.5000E-02
F{lasda) . ALONG ROWS FOR LAYER 10 WILL BE READ ON UNIT 11 USING BLOCK EORMAT
1 . 3 L] 7 L] 9 1¢
11 1%
1,39 1.394 1,394 1.3%4 1.394 1384 1.194 1.394
1,394 1.39
1.394 1.194 1,394 1.394 1.394 1.3%4 1.394 1.393
1.394 1.394
1.394 1.394 1.394 1.394 1.194 1.394 1.394 1.394
1.394 1.3
1.394 1.39%4 1.394 1.394 1.394 1.394 1.3294 1.394
1.394 1.394
1.394 1.354 1.394 1.394 1,394 1.394 1.394 1.3%4
1.394 1.394
. ALONG RON3 FOR LAYER 10 WILL BE READ ON UNIT 11 USING BLOCK TORMAT
1 + 5 L] T L] 9 10
1 14
9 1 6.51008-02 6.5100E-02 - 00E-02 6.S100E-02 6.5100B-02 6.5100E-02 6.5100E-02
6.95100E-D2  6.51008-02 6&.5100E-02 6.5100E-02
6.5100E-02 6.5100E-0Z 6.5100E-02 6.S100E-02 £.5100E-02 6.5100E-D2 6.5100E-02 6.51006-02 €.5100E-02 6.510CE-02
6.5100E-02 &.5100E-02 §.5100E-02 6.51006~02
6.5100E-02 6.5100E-0Z 6.5100E-02 6.5100E-02 6.51006-02 6.5100E-D2 6€.5100E-02 6.5100E-02 6.51008-02 6.5100E-02
§.5100£-02 6.51005-02 6.5100E-02 6.5100E-02
§.51008-02 6.51008-02 6.5100-02 6.51D0Z-02 6.5100Z-02 6.5100E-D2 6.5100E-02 6.5100E-02 6.5100€-02 6.5100E-02
6.5100£-02 6.5100€-02 &.5100E-02 6.5100E-02
5.5100E-02 6.S100£-02 6.5100E-02 €.5100E-02 6.5100E-02 6.5100E-02 6.51006-02 6.5100E-02 §.5100E-02 6.5100E-02

s

6.5100€-02 €.5100E5-02

B

6.51¢0E-02 6.5100E-02

TRANSMIS. ALONG RONS FOR LAYER 10 WILL BE READ ON UNIT 1l USING BLOCK FORMAT




I-32

OUTPUT-H2.txt

o 1S lae03 s haeiEles

5.2467C-03 5.24876-03 5.2487E-01 5.2487E-02

oz $.2487E-D3 5.2487E-03 5.2407E-03 5.2467E-03 5.2407E-03 5.2407E-03
5.2487E-03  5.2487E-03 5.2407E-03 5.2487C-03

b3 5.2487E-03 5.24872-03 5.2487E-01 - 7E-03 5.2487Z-02 5.24B7E-03
5.246875-01 5.2487E-03 5.24876-03 5.2487L-03

0 & 5.2487E-01 5.24B7E-D3 5.2487E-03 5.2497E-03 5._2487€-03 5.24872-03
5.2487E-01 5.2487£-01 5_2487E-01 5.2487£-03

0 5 5.2487E-03 5.2467E-03 5.2407€-03 5.24B7E-03 5.24B7r-03 5.2407£-03
5.2487E-03 5.2487£-03 5.2467E-03 5.2407E-03

o

'$l2apdEend 5.zanE-03 §.74i7E003 5 24B7E-63

. 24876503 5.2487E-03
5.24B7E-03 5.24676-03
§.24870-01 5.2487E-03
5.24876-03  §.2407E-03

$.24B7E-03 5.2497E-03

5.2487£-03 5.2487E-03

5.2487E-03 5.2487E-03
5.24B7E-03 5.24076-03
5.2487£-03 5.2487E-03

VERT HYD COND /THICKMESS FOR LAYER 10 BILL BE READ ON UNIT 11 USING BLOCK FORMAT

1 z ] 4 5 6 4 % [ 10
u 12 13 1
0 TS GaedE 0 5026 02 5.64026-02 §.6ABZE-0Z S.6AVZE-02 §.6482E-0
3 F Fbr R
D 2 S.6AB2E-02 5.GANZE-0Z 5.6AU2E-0Z 5.64B26-02 5.64B26-02 5.6AE2E-0Z 5.64826-02 5.64828-02 5.64826-02 5.6402E-02
5.64BZE-02 5.6AIZE-0Z 5.GAE2E-02 5.G6ARTE-DZ
0 3 Slse82e-02 5.6B2E-02 5. 5. 5.64620-02 55082002 5. 2 s, 5. 2
5.6482£-D2 5.64020-02 5.GABZE-02 5.6482E-D2
0 4 3.6482E-02 5.6ANZE-DZ 5.64626-0Z 5. 5.648026-02 5. 02 5. 5.64826-02 5.6482E-02
5.6482£-02 5.G40ZE-02 Y.GABZE-0Z 5.6AR2E-02
D 5 5.6482E-02 5.6ANZE-07 S.SAE2E-02 5.64BZL-DZ 5.6082E-02 S5.6482E-02 5. 5. 5.64826-02 5.6482E-02
s Faren 5 5. 02
[
aleccond. ALONG ROWN FOR LAYER 11 NILL BE READ ON UNIT 1]l USING BLOCK FORMAT
L 2 ‘4 [ 6 7 8 ) 10
1n 12 14
o 1 limzeeee ilazesos iltEoE-0: 1.7220B-02 1.7220R 02
1.7220£-02 1.72200-07 1.72206-02 1.72206-02
0 2z 1.12200-02 1.72206-02 1.12208-07 1.7720E-02 1.72206-02 1.7220E-02 1.7220E-02 1.72206-02 1.T220B-02 1.7720E-02
1092260-02 1.7220B-02 1.72206-02 1.7220E-02
0 3 1.1220£-0z 1.1220B-02 1.72206-02 1.72206-02 1.7220E-02 1.7220B-02 1.7220F-02 1.12208-02 1.72206-02 1.7220E-02
1.12206-02 1.12206-02 1.72206-02 1.7220K-02
5 4 11930002 1.1220-02 1.7220E-02 1.7220E-02 1.72206-02 1.72205-02 1.72208-02 1.12200-02 L.TZZ0E-02 1.72208-02
1072208-02 1.72206-62 1.72206-02 1.7220E-02
0 5 1.92206-02 1.12206-62 1.1220E-02 1.7220E-02 1.72206-02 1.7220E-02 1,72200-07 X.1220E-02 L.72206-02 1.7220-02
1172206-02 1.1220E-02 1.72200-02 1.72206-02
v
MoisCont. ALONG ROWS FOR LAYER 11 WILL BE READ ON UNIT 11 USING SLOCK FORMAT
1 2 3 1 5 3 ? [ s 10
1 1z 1 14
o1 olizen T alizee’ T olizet oldz . ‘oz 0.1260 p.azen  ouzen
01260 01260 0.1260 01260
oz 0.1260 0 1260 01260 81260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
0.2260 0.1260 0.1260 0.1260
0 3 01260 0-1260 01260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
0 1260 1-1260 01260 0.1260 .
o 4 o0.1260 01260 0.1260 51260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
01260 01260 0.1260 n.1260
8 & o0.1260 01260 0.1260 01260 0.1260 0.1260 0.1260 0.1260 0.1260 9.1260
01260 b.1260 01260 1.1260
]
Sat Mois. ALONG RONS FOR LAYER 11 WILL BE READ ON UNIT 11 USING BLOCK FORNAT
1 2 3 ‘ 5 6 1 ] 9 10
1n 12 13 14
o TR e o e e Telanse” Telaase” T Talama o.ams0elase
0 3750 0.3730 0:3750 613150
Doz 8.3780 0.3750 0.3750 013750 61750 0.3750 0.3750 0.3750 0.3750 0.3750
0.3750 0.3780 03750 0.3750
b 3 p.3750 0.3150 03750 03758 0.3750 5.3750 0.3750 1.3750 0.3750 0.3750
0.3750 0.3750 0.3750 9.3750
5 o4 03150 0.3750 0.3750 0.3750 0.3750 0.3780 0.3750 0.2750 02750 0.3750
03950 0:3150 073750 03750
005 0.37%0 03750 173750 0.3750 0.37%0 0.3750 0.3750 0.3750 0.3750 0.3150
53730 013750 0.3750 0.3750
[
Res Mois. ALONG ROSS FOR LAYER 11 NILL BE READ ON UNIT 11 USING BLOCK FORMAT
2 2 . s ] 7 " v 10
12 1 14

0 4. - - 4.50005-02 4.5000E-02
4.5000E-02 4.5000E-02 4.5000E-02 4.3000£-02
o 2 4.5000E-02 - 4.53000E-02 4. 2 4.5000E-02 4.500DE-0Z 4.5000E-02 4.5000E-02 4.5000£-02 4.50005-02
4.5000E-02 4.50008-02 4.5000E-02 4.S000E-O2
¢ 2 4.50008-02 4.5000£-02 4.5000E-02 4,5C00E-02 4.5000f-02 4.5000E-02 4.S000E-02 4.5000E-02 4,.5000E-0Z 4.5000E-02
4.5000£-02 4.50008-02 4.50008-02 4.5000£-02
2 4 4, 4. 4q. 4.5000E-02 4. 1. 4.500 02 4. 4.5000E6-02  4.50008-02
4.5000£-02 4.50008-02 4.5000E-02 4.5000E-02
o s 4.5000E-02 4.5000£-02 4.S000E-02 4.5DDDE-D2  4.5090E-02 4. 4. 2 4.5000E-02 4.5000E-02
4.5000E-02 4.5000E-02 4.50006-02 4.5DDDE-D2
i
F{lauda) . ALONG RCES FOR LAYER 11 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
i 2 3 5 6 7 [} s 10
1 1z 13
L] 1.394 1.394 1.394 1,394 1.394 1.354 1.394 1.394 1.394
1.394 1.394 1.354
[ 4 1.394 1.394 1.3%4 1.39%4 1.394 1.394 1.394 1.3%4 1.1%4
1.394 1.39%4 1.394
o 3 1.394 1.394 1.394 1.394 1.354 1.394 1.394 1.394 1.394
1.394 1.394 1.354
0 e 1.394 1.394 1.394 1.394 1.394 1,34 1.354 1.394 1.394
1,394 1.194 1.394
I 1.394 1.194 1.394 1.394 1.3%4 1.394 1.3%4 1.394 1.3%4
1.394 1.394 1.394
o
Exp U . ALONG Rows FoR LAVER 11 BILL A READ ON UNIT 11 USING BLOCK FORMAT
1 s ] 7 B 9 10
11
0 1 6.5100E-02 6.51005-02 6.5100E- . E- .5100£-02 6. -02 6.5100E-02
6.51005-02 6.51008-02 6.51000-02 6.5100E-02
v 2 £.5100E-02 6.5300E-02 6.5100E-02 6.5100E-02 6.5100E-02 6.51006-02 6.5100€-D2 6.5100E-02 6.5100£-02 6.51008-D2
6.5100€-02 6.3)100E-02 6.5100E-02 6.5100E-02
0 3  6.5100E-02 6.5100E-02 6.5100E-02 6.5100£~02 6.S100E-02 6,5100E-02 6.5100E-02 6.5100E-02 6.5100E-02 6.5100E-02
6.5100E-02 6.51002-02 6.5100E-02 6.51008-02 .
0 4 £.5100E-02 6.5100E-02 6,5100£-02 6.5100E-02 6.51006-02 6.51006-02 6.5100E-02 6.5100E-02 6.5100E-G2 6.51008-02
6.5100£-02 6.5100£-02 6.5100E-02 6.3100E-02



2 5

TR

02

o
s 2
o 3
0 &
a8
0

1-33

OUTPUT-H2.txt

6.51005-02 6.51008-02 6.S100E-02 &.5100E-D2 6.5)00F-02 6.52008-02 6.3100E-0Z 6.5100E-02 6.5100E-02 6.5100E-02

§.5100£-02 6.3100E-02 6.51008-02

6.5100E-02

TRANSMIS. ALONG ROWS FOR LAYER 11 WILL BE READ ON UNIT 11 USING BLOCY FORMAT

1 2 3
11 12 13

Z487E-03 5.2487E-03 5.24876-03
2407L-03 5.2487E-03 5.2407-03
24872-02 5.2407E-03 5.2407E-03

s
L]
5

5

5.2487E-03 5.2407E-03 S.
5.2497E-03 5.2407C-03 5.24075-D3

TE-03
5.24872-03 5.2487E-03 S5.24687E-03
TE-03
E-03

5.24876-03 5.2407¢-03 5.
5.2497€-01

5.2487€-03 5.

< H &
14

5.,2487E-01
5.2487E-03 5.2487£-03 5.2481E-03
5.2467E-01

5.24875-03
5.24876-03 5.24976-03 5.2407E-03
5.2487E-03
5.2497E-03 5.2487E-03 5.240876-03
5.2487E-03

§.2487E503 5.2407802
5.24876-03 5.24B7E-D3
5.2487E-03 5.2487E-03

5.24076-02  5.2487E-03

$.24076-03 5.2487e-03

“5.24075-0

5_2407E-03  5.2497E-02
5.2407€-03  5.2497g-01
5.2407E-03 5.2437E-03
5.2487E-03 5.Z487E-33

VERT MYD COMD /THICKNESS FOR LAYER 11 WILL BE READ ON UNIT 11 USING ALOCK FORMAY

5.64026-02 5. 5.64n2g-02

. E-02
5.6482E-02 5.6402E-02 %.6482E-02
0z 5. 5. 6A82E-B2

-02

5.6
5.6482E-02 S5.6402E-02 5.6482E-02

5.

5,6482E-02 5.6402B-02 $.6482E-02
5.6482E-02 S5.6482E-02 9.6482E-02
5.64826-02 S.64E2E-02 5.6482E-02
5.6482E-07 S.64E2E-02 5.64826-02
5.5482E-02 5.64H2E-D2 5.64682E-02
5.6482E~02 5.5402E-02 S5.6482E-02

5.64826-0Z 5.64820-02 5.

2""5 saazecaz S l64B2E 03

5.6482E-02 5.6482E-02

o2

5.64826-02

5. ® s. 5.

5_54BZE-02
%,.64B2E-02 5.64B2E-0Z 5.6482E-D2
5.64025-02

5. 5.
5.6G492E-02 5.6482E-02

5.64026-02 S.64826-02

L] 10

5.64026-02 5.6402E-02

5.6482E-02 5.B6482E-D2
5.6482E-02 5.6462E-02

5.6482E-02 5.6482E-02

eleccond. ALOWG ROWI FOR LAYER 12 WILL BE READ ON UNIT 11 USING BLOCK FORMAT

1 4 3
1z 132

o 2
b3
0 1
[}
]

o
X

1.7220E-02
1.7220E-02
1.7220E-92 1.7220E-02
1.72208-02 1.7220E-02

1.7220E-02 1.7220E-02
1.72206-02 1.7Z20E-02
1,72206-02
1.72208-02

1.72208-02 1.7220B-02 1.72208-02

4 L] ]
14
1.7220E-02
1.7220e-02  1.7220E-02 1.7229%-02

1.1220E-02
1.7220E-02 1_7220E-02 1.1220E-02
1.7220E-02

1.7220E-02 1.7220E-02

1.72206+02 1.7220E-02

1.72208-02 1.7220E-02

1.7220E-0Z 1.72206-02

17320002 1.7220B-02 1.72206-02 1.7220E-02 1.72206-02 1.12208-02 1.72206-02 1.72708-02 1.1220£-02 1.7220E-02
117320502 1.72208-02 1.7220E-02 1.72200-02
1i7220E-02 1.72206-02 1.12206-02 1.7220E-02 1.7Z20B-02 1.7220E-02 1.72206-0z 1.12205-02 1.1220E-02 1.7220E-02
1.72200-02 1.72206-02 1.12206-02 1.72206-02
NoisCont. ALONG ROWS FOR LAYER 12 WILL BE READ ON UNIT 1l USING BLOCK FORMAT
1 2 3 4 s & 1 [ 9 10
11 1z 13 14
aen T onizen T olmes T olizes T elizes T eoizes alizen olizes’ T alizes’ T nlizée
01260 01260 0.1260 0.1260
01260 01260 01260 0.1260 0.1260 0.1260 ©.1260 0.1260 0.1260 v.1260
02260 01260 0.1260 0.1260
0.2260 1.1260 0.1260 01260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
01260 01260 o-1260 01260
03260 pl1260 ol 1260 11260 0.1260 0.1260 v.1260 0.1260 0.1260 0.2260
0.1260 01260 8-1260 0.1260
0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 2.1250 v.1260 6.1260
01260 01260 0.1260 5.1260
at Mois. ALOMG ROWS FOR LAYER 12 WILL BE READ ON UNIT 11 USING BLOCK FORMAT
1 2 3 4 s s ’ [ ’ 10
11 1z 13 14
si3rseT T elane T mmse T olmsn T eldise” T alaise T Tolanse : PRI
03750 0:3750 03730 8.3750
03750 013750 w380 63750 0.3750 0.3750 0.3750 0.37150 0.3780 0.3750
53750 0.3750 03750 0.3750
63750 03750 03750 0.3750 1.3750 0.3150 0.3750 0.3750 0.3750 0.3750
03750 .3130 0 3180 0.3750
03750 03750 el3150 23150 0.3750 0.3750 0.3750 0.3750 63750 0.2750
03730 0:37%0 0.3750 0.3750
0.3750 03150 0:3750 0.3750 0.3150 0.3750 0.3150 0.3750 0.3750 £.3750
03750 8.3150 £.3750 03250
Res Mois. ALONG RoMS FOR LAYER 17 WILL BE READ ON UNIT 11 USING BJ,OCK FORMAT
1 3 s 10
1 bt
ASa000-00 " 4lS0RRE 02 4.3000K-03 4.3000E-02 4.5000£-02 4.5000B.02 4.50008-02  4.50008-02 4:5000-02 " 4.50008-02
4.5000£-02 4.50002-07  4.5000£-02
4 5000¢-02 z 4 . 02 4.5000£-02 4. IR 2 4. 4.5000E-02
al50006-02 4.50002-0Z 4.5000E-02 4.5000E-02
4.50008-02 4. il sobuE-0z . 4.5000E-02 4.50006-02 4.5000£-02 4.50305-02 4.5000E-02
4.5000£-02 4.50002-02 4.S0DUE-02 4.50008-02
4,50008-02 4.SD00E-02 4.SOODE-0Z 4.500DE-02 4.SO00E-02 4.S000E-02 4.5000£-02 4.50005-02 4.50D0E-02 4.50008-02
4.5000B-02 4.80D0E_Dz 4.5000E-02 4.500DC-02
4'5000£-02  4.5000E-02 4 « .5000E-02 4. 2 4.50008-02 4.5000E-02 4.5000E-02 4.S000E-02
4.S000E-02 4.5000E-02 4.S000E-02 4, SODOE-D2
¥(landa) . ALONG ROMS FOR LAYER 12 WILL AE READ ON UNPT 11 USING BLOCK FORMAT
s s 3 ’ [ [ it
14
IR R . T
11394
11394 1.294 1.394 1.394 1.384
1.394
1394 1.394 1.394 1.394 1.394 394 1384
1394
17398 1.394 1.394 1.394 1.394 1.398 1.354
1394
17394 1.3%4 1.394 1.394 1.394 1.3 1.394
1304
Exp n . ALGNG ROWS FOR LAYER 12 WILL BE READ OH UNIT 11 USING BLOCK FORMAT
1 H ] ] s “ 7 [ s 10



0 1 6.5100E-02 6.51
6.5100£-02 6.51
D Z &.51000-02 6.51
5.5100E-02 6,51
o3 6.5100E-02 6.51
£.51006-02 651
0 4 6.5100£-02 6.51
6.5100£-02  6.51
p 5 6,510DE-02 6.51
6.5100E-02 6.51

0 1 5.2487E-03

5.24070-01 5.2407-03 5.2487F-C3

0 2 5.2487E-D3 5.24

12 1 14

00E-02 6.51008-02 6.5100E-02
O0E-02 6.5100E-62 6.5100E-02
60E-02 6.51006-D2 6.S100E-02
coe-02  6.5100E-02 6.5100£-02
00E-02 6.5100E-02 6.5100E-02
008-02 6.51006-02 6.5100E-02
00602 6.5100E-D2  6.5100E-02
DOE-02 6.3100E-02 6.5100£-02
DOE-02 6.5100E-02 6.5100E-02
00£-02 6.S100E-02 6.5100E-02

I-34

OUTPUT-H2 .txt

"'6.51000-02 6.51008-02

6.5100E-0Z 6.5100£-02
6.51008-02 6.5100E-02
6.5100E-02 6.510DE-02

6.5100E-02 6.5100E-02

6.51006-02 6.51006-02

6.5100E-02 6.5160E-D2

6.5100€E~02 6.5100B-07

§.9100E-02  &_5100E-02

6.5180E-02  6.5100F-02

'6.5100802 6.51008-02

6.5100E-62 6.51D0E-02
6.95100E-02 6.5100E-02
6.51006-02 6.510DE-02

6.5100E-02 6.5100E-02

TRANSMIS. ALONG ROSS FOR LAYER 12 WILL BE READ OW UNIT 1l USING BLOCK FORMAT

£ 03 '3 2467803

01203 5.2407E-03 5.2407E-02

5.24B7E-D) 5.2407E-03 5.24876-03 5 _2487E-02
o 3 5.2487E-03 5.2487E-03 5.2487EB-03 5.2407g-03

5.24876-01 5.24
0 4 S.Z407E-03 5.24
$.2487E-03 5,24l
8 5 5.2487£-03 5.24
5 E-03

87E-03 5.2487E-03 5.2487E-03
87E-03 5.2487E-03 5.2487E-03
N7E-D3 5.2487E-03 5.2487€-03
§7E-03 5.2497E-03 5.2487E-03

5,2487¢-03 5.2487E-03
5.24078-02  §.24672-03
5.2497€-03 5.2467E-03

5.24075-03  5.24878-03

5.2487E-031 5.24878-03

5.2407£-03 5.2437E-01

5.24876-01  5.24876-53

5.2487E-0) 5.2487E-01

5. le“ﬁ»ﬂ! 5 2‘ 75“03
5.2487E-03  5.2487E-03
5.2487C-01 5.2487E-03
5.2487E-03  5.2487E-02

5.2467C-03 5.2487E-03

5.2487E-03  5.2487E-03 5.2407E-03
]
SOLUTTON BY TIONED
] MAXIMUM TTERATIONS ALLOWED FOR CLOSURE = 50
HEAD CHANGE CRITERION FOR CLOSURE = 0.100008-02
MAXTMUM ALLOWABLE REYIDUAL ERROR FOR CLOSURE = 0.00000E+00
1 STRESS PERICO WG. 1, LENGTH = 3013200,
WUMBER OF TIME 5TLES = 1
MULTIPLIER FOR DELT & 1.000

INITIAL TIME 3TEF 312E =  J013200.

18 ITERATIONS FOR TIME :‘H.‘P 1 IN STRESS PERIOD 1
OHEAD/DRAWDOWN PRINTOUT FLAS TOTAL BUDGET PRINTOUT FLAG = O
nomwr FLAGS FOR ALL LAYERS m THE JAME:

DRANDOMN HEAD DRARDOWN
rnxmou'r FRINTOUT SAVE SAVE

1 0

CELL-BY-CELL FLOW TERM FLAG = 1

1 [
1 HEAD IN LAYER 1 AT END OF TIME STEF 1 IN STRESS PERJOD 1

1 2z 3 4 5 ] 7 B

26,48 iaez ze.s0  21.31 21.95  28.81 29.26  3b.06

BRI TR PN

9 ] 11

071 . : !
0 2z 26.48 26.62 26.90 21.31 21.85 23.51 29.26 30.08 3084 1177 32,54 3309 33.65  33.80
0 3 26.a8 26.62 26.90 27.11 21.85 28,51 29.26 30.08 30.94 3177 32,54 3319 33.66  31.90
0 4 26.48 26.62 26.90 27.31 7.5 26.51 23.26 30.08 30.94 3171 32,54 33,19 3365 33.30
D 5 26.48 Z6.62 260 27.11 27.95 28,51 ?5.26 30.08 30,94 3170 32,54 1320 13.65 3388
1 KEAD IN LAYER 2 AT END OF TDNE STEP 1 N STRENS PERIOC 1

1 2 3 4 5 5 7 ] 0 10 1 12 u
071 aelea Tzeler’ 26038  T26m0 2703 : : 05 T33loa 3dee T 3esz 3euss
0z 25.93 26.07 26.36 26.80 27.30 20.12 300 32005 33.05 22.90 34.58 34,99
0 1 25091 26,07 26.36 26.80 27.39 28.11 31006 32.05 33,05 33.81 34.56 34.91
b 4 25.93 26.07 26.36 26.80 21.38 28,12 20.98 3100 32,05 1305 33.90  34.54  34.89
D 5 25,91 26.07 26.36 26.80 21.39 28.12 28.98 3100 32.05 33.04 33.89 39.57 34.86
1 KEAD TN LAYER 3 AT END OF TIME 3TER 1 IN STRESS PERIOO 1

1 2 3 3 5 6 ’ ] » 10 1 12 13 1
3 . 26. ’ B S B TH TR SR PO PR T B PO T R I
o 24119 74.93  75.23  25.69 26.34 2718 2986 310z 32.57 34.10 35.51 3662 37.27
o 2418 24,51 25.23 25.68 26.33 27.18 20.25 29.55 11.02 32,58 3413 35.55 3673 37.49
o 2419 2481 2523 25.69 26.34 21.19 29.77 29.56 3102 32.51 3400 3551 6.2 31.27
0 24,19 24.94 25.23 2370 26,35 27,21 28.26 2957 11.02 32.55 34.06 35.43 2J6.49 37.08
1 WEAD IN LAYER 4 AT END OF TINC STEP 1 IN STRESS PERICD 1

1 2 3 [ 3 5 ? ] s 10 1n 12 1 14
01 23l "53':56"'2'5.'35"'55'.55“ TUISlaR zelindesssb.dz 3.0 3sise’39leeT Tdeler TallmT
0 2z zae 2309 23.4 2343 25036 3068 3314 3812 064 42.26
0 3 z23l0e 21119 2142 2301 25.21 30.66 3316  35.84 a1 437
0 4 z3loe 23019 21.43 23.83 25136 3069 M B2 av.a  42.26
0 5 23.04 23.20 23.45 23.87 24.51 25.46 28.56 30,72 33.10  35.38 37.96 39.9) 4L.21
1 HEAD 1N LAYER § AT END OF TIME STE? 1 IN STRESS PERIcO 1

L 2 3 4 5 [3 7 [ v
oL z0ss Czoiee ziia’ 7iia’ aile T2alaizaleo’2elie 2654773318 307 4103 edn
Bz 20,91 20,93 20.98 21.08 21.33 21,87 22.14 2584 29.32 33zl 31,48 2.1z 4131
D 3 20090 20091 Z0.93 20.87 2.0 2ZL.24 21.92 25.22 29.09 33.24 37.82 43.39 51.63
D 4 20.51 Z0.53 20.90 21.09 71.33 Z1.89 23.14 25.84 29.37 3321 37.45 42,12 47.21 5249
D 5 20,93 20,96 21.04 21.23 2.6z 22.41 23.90 26.36 29.54 318 3707 4103 4413 414
1 HEAD IN LAYER 5 AT ING OF TIME 5TEP 1 IN STRESY PERIOD

H ‘ 5 s ? e 9 1 1 12 13 u

65
19.60  18.%9

15 17.94
17.71% 16.96
171,31 154
17,15 16.9¢
18.15 17.94

19132  32le6 2719

1%.08 20,45 26.29

0.06 16,32 25.1%
15.08 20,45 26.29
19.22 22.66 21.1%

HEAD IN LAYER 7 AT END OF TIME 8TCP 1 IN STRESS PERICD I

1600 1603 Tisles Tisim0

16.27 15,59  14.62 13.43
16.12 15,19 13.40 9.56
16.27  15.59 14,62 13.43
16.44 16,03  15.66 15.70

1 [ ’

16.98  20.69 25.6%
12.99  18.45 2412
.00 14.60 21.57
12.99 18.45 24,73
16.98  20.69 25.69

HEAD IN LAYER & AT END OF TIME STEP 1 IN STRESS PERICD 1

1 2
o1 16.91 16 75
o2 16.6F  16.60
[ ) 16.85 16.63
o 4 16. 16.68
0 5 16.81 16.7%
1

1 2
[
c 2
[}
0 4 -
9 5 15.89 15.72
1

3 4 5 &

14.55 13.61 12.53
15.08 14.16 12.44 [ .13
15,22  14.55  13.61  12.53
15,40 14.98 14,62 14.71

Tiale 1T

16.06 19, 24,65
12.26 17.67 23.96
4.00 34.02 22,05
12.26 17.67 23.96
16.06 19.82 24,89

HEAD IR LAYER 9 AT END OF TINE STEP I IN 3TRESS PERIOD 1

0 5 .65 -
0 15.61 15.44

o 14. 14.
15.07  14.47  13.61  12.57

196§ 24.56
1056 236

29093 asa

29.712  135.78

12l Tz’

.17

a1.96

i

w2 Tavies

31.94  J37.55 43.30  49.25 54.61
31,711 17.B6  44.5% $3.29 68.00
31.94 37.55 43.30 19.25  54.63
32.14 37.21 42.17 4653 49.85
10 11 12 12 14
1. 19 36, 'l! 42,21 46, -
3.8 31,11 43.32 49.57  55.03
30.10  37.41  44.55 5.4 6A.00
3.9 3111 43.32 49.57 55.03
31.19 36.79 42.21 46.9%  50.17

49.24

30. Zﬁ 36 54 42.97
30.03 36.04 44.12 53.23
30.26 36.54 42.07 49.24
30.49  36.21 41.75 d6.62
9 10 11 13 14

86 e
%.30 5398



I-35
OUTPUT-H2 txt

52.53 &3.00

a3 15,59 15.39 14.93 14,08 1Z2.45 .92 0.00 13.92 22.56 29,50 36.10
D 4 15,61 i5.44 15.07 l4.47  13.61 1257 12.26 17.56 23.65 29.72 35.7¢ 4830 53.99
005 15.65 15.51 15.24 14.89 14,60 14.72 16.03 19.68 24.56 29.93 35.43 .56 48.77
1 HEAD IN LAYER 10 AT END OF TIME STEP 1 1N 3TRESS PERICO

1 2 3 4 5 § 1 ] L] IH 13 14
o1 16, . - 17.15 90 43,11 45,02
a z 16,03 15.54 15.37 14,76 13.89 1344 18.4@ 21.97 40.02 4 51.49
03 16.01  135.90 15.02  13.67 10.18 0.00 14.79 22.9] 50.42  68.00
@ 4 16.03 15.98 15.37  14.76 13.49 ii.a4 1248 2197 40.02  45.84  51.49
9 5 16.06 16.00 15,73 15.65 15.91 17.15  20.47 24.7% 29.48 34,24 3990 41.01  46.03
1 HEAD IN LAYER 11 AT END OF TIME STEP 1 IN STRESS BERICO 1

1 2 ] L} 5 L] ? L] 9 10 kel 12

o SATINE IR zenal Czzaar 23les’29lisTT32lse’T3sies e
o2 17,18 17.55  18.25  A9.62 22.29 25.60 29.1a 32.68 36.04 3595 40.90
o3 16.93  17.08 17.30  17.68 18.53 2113 25.37 29.08 32.70 36.36 39.74 42.50
o4 16.80 - 16.97 17.t8  17.55 16.25 19.62 22.29 25.50 29.14 32.68 36.04 38,55 40.80
o s 16.82 16.88 17,01 17.31 17.82 18.73 20.31 22,77 25.93 29.1% 32.56 35.69 38.25 5.1
1 MEAD IN LAYER 12 AT END oF TIME STEP L IN STRENS PERIOP 1
1 2 1 12 13 14
PRI Pt T Tailse asler’ asiss’ 363
b2 17.3% -® 31,57 33,81 35.72  36.15
c 3 17.35 8 31.60 33.98 35.86 36.96
D 4 17.35 17.49 17.78 18.27 19.83 20.15 21.73 23,03 2631 20.96 3157 3381 35.72  36.75
0 5 17.36 17.50 17,80 18.31 19.10 20.25 21.85 23.93 26.37 26.97 31.54 335z 35.56 36.33
0
VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END of TINE STEP 1 IN STRESS PERIOD 1
[ CUMULATIVE VOLUMES Larg RATES FOR THIS TIME STEP LEe3/T
™ N
STORAGE =  0.0000D ITORRGE = 0.00000
CONSTANT HEAD »  0.4263BE+07 CONSTANT MEAD =  1.4150
[ TOTAL IN =  0.42630EX0Y TOTAL IN = 1.4150
] :
sromaGE = 0.00000 STORAGE = 0.00000
COMITANT HEAD =  0.42630E+27 CONSTANT HEAD = 1.4350
[ TOTAL OUT = 0,d261BEHT TOTAL OUT = 1.4180
g IN - OUT = 1.0000 IN - OUT = 0.33763E-06
] PERCENT DIICREPANCY = 0.8 PERCENT DISCREPANCY =
1}
TIME SUMMARY AT END OF TINE STEP 1 IN STRESS PERIOD 1
SECONDY MINUTES HOURS DAYY YEARS
TIME STEP LENGTH D.301320E407  50220.0 837.000 34.0750 0.9548266-01
STRESS PERIOD TING 0.3613208+07  50220.0 837.000 34.8750 0.954B265-01

TOTAL SINUVLATION TTME 0.301320E+07 50220.0 837.000 34.8950 0.9548268-01



APPENDIX J. MT3D Output File Example: Three-Dimensional
Field Demonstration
This appendix includes example MT3D output files for the three-dimensional field
demonstration. Both Phase 1 (OUTPUT-HI ¢k) and Phase 2 (OUTPUT-H2.¢k) output files are

included. To save space, only the homogeneous model results are included.



I-2
OUTPUT-HI.ck

MNT3D
A Modulsr Turee-Dimensional Transport Model
For Simulation of Advection, Di i and Chemical
of Contaminants if Groundustar SYatems
w, 1.11)

PEFEE
IR RN

30 field PROBLEM - ACETATE
3d field problem

wx
oa

THE TRANSZORT MODEL CONSISTS OF 12 LAYER(B) 5 RO®(8) 14 COLUKN(S)
NUMBER OF STRESS PERICO(3) IN SIMULATION = 1
UNIT FOR TINE IS sec: UNIT FOR LENGTH 13 M ; UNIT FOR MAS3 13 Mol
MAJOR TRANSEORT COMPONENTS TO BE 3 IMULATED:

ADVECTT!

1 ow
2 PIIPERSION

BTN1 -- BASIC TRANIPORT PACKAGE, VER L.0, AUGUST 1990. INPUT READ FRCM UNTT L
10118 ELIMENTS OF THE X ARRAY USED BY THE BTN K
052 ELDMENTS OF THE IX ARFAY USED BY THE BTN FACKAGE

AV -- ADVECTION PACKAGE, VER 1.0, AUGUST 1990, INFUT READ FRCM UNIT 2
ADVECTION I3 SOLVED WITH THE UPYTREAM FINITE DIFFERENCE SCHEME
COURANT MUMBER ALLOMED IN SOLVING THE ADVECTION TERM & C.250
MAXDAUM WIMBER OF MOVING PARTICLES ALLOWED = 5100
0 ELPMENTY OF THE X ARRAY USED BY THE ALV PACKAGE
0 ELEMENTE OF THE IX ARRAY USED BY THE ADV PACKAGE

DSP1 -« DISFERSION PACKAGE, VER 1.0, AUGUST 1990, INPUT RERD FRCM UNIT 3
8436 ELEMENTS OF THE X ARRAY UJED DY THE DSP PACKAGE
OF THE IX ARRAY U4ED BY THE D3P PACKAGE

P TR TTITET T i PEPPLAS I PRI R
IX ARRRY UIED OUT OF 7oa0t

0.1524000
0.1829000
0.oooRoRe
0.3048000 FOR LAYER
0.304B00C FOR LAYER
0.3048000 TOR LAYER
0.2048000
0.3049000
0.3048000
0.3048000
0.3048000
0.3048000
0.30408000
0.3048000

WIDTH ALONG ROMS (DELR) =

.

-

- roR
- EOR
- TOR
- TOR
. FOR
- FOR
- FoR

CELL THICKNESZ (BZ} = 0.3048000 FOR LAYER

- rok
- FoR
- ror
- FOR
- FoR
- rorR
- FOR
-

-

WIDTH ALONG COLS (DELC)
ToP ELEV. OFf 13T LAYER
CELL THICKNESS (DZ)
CELL THICKNESS (D2}
CELL THICKNESS (DZ)
CELL THICKNESS (DZ)
CELL THICKNESS (DZ)
CELL THICKNE3S (DZ)
CELL THICKNESS (DZ)
CELL THICKNEAS (DZ)

0.1260040
0.1260000
0.1260000
0.1260000
0.1260000
0.1260000
£.1260000
£.1260000 FOR LAYER

0.1260000 FOR LAYER

©.1260000 FOR LAYER 10
9.126000D
£.1260000 FoR LAYER 12

EFFECTIVE PORCSITY
EFFECTIVE PORCSITY

i
%
H
=

CONCN. BOUNDARY ARRARY FOR LAYER 1 READ ON UNIT 1 USING BLOCK FORMAT

1 2 3 4 5 6 7 8 9 10 11 12 13 14

po e b
e
[eyopwoe
P

CONCN. BOUNDARY ARRAY FOR LAYER 2 READ ON UNIT 1 UNING BLOCK FORMAT

1 2 3 4 5 6 1 8 § 10 11 12 13 14
YT l...i...i...i...i...i...i...;...i...i...i .....
2 ¥ 1 ¢t 1 1 1 1 31 1 1 1 1 1 1
3 11 1 1 1 1 1 171 31 1 1 1 1
41 1 1 1 1 1 1 1 3 1 1 1 1 1 1
5 { 1 1 1 1 4 1 1 ¥ 1 1 1 1 1
COMCN. BOUNDARY ARRAY FOR LAYER 3 RGAD OW UNIT 1 USING BLOCK FORMAT
1 2 3 4 5 6 7T 8 9 10 11 12 13 14
B T R A ey
2z 1 2 1 @ 1 1 1 ¢ 1 31 1 1 11
3 11 31 3 ¢ 1 1 1 1 1 1 1 11
4 11 1 1 1 1 1 t t 1 1 1 1 1
5 11 1 1 3 1 ¢ 1 1 1 1 1 11

12 3 4 5 e 1 L] $ 10 11 12 13 14

1 1 1 1 1 1 1 1 11 11 1 1
2 ¥ ¢t 1l i1 ¢ 31 1 1 1 1 1 1 1 1
k3 -1 i 1 i 1 1 1 1 1 1 1 1 1 -1
4 11 1 i 1 11 1 1 1 1 1 1 1
5 1 1 1 1 1 1 1 1 1 1 1 11 1




J-3
OUTPUT-Hl ek

10z 3 4 8% 6 T 8 5 10 11 12 13 14
e Lo I L LI I TSR S
2 101 1 1 1 11t 1 1 111 11
3091 0:f 31 o1 9131 31 1 1 11 1 1+
£ 1 1 111111 11171317131
5 1 1 1 1 1 1 1 1 1 1 131 11
COMCH. BOUNDARY ARRAY  FOR LAYER 1 READ ON UNIT 1 USING BLOCK FORMAT
102 3 4 3 6 1T 8 %1011 12 13 18
) e RSO SO N SO SR TS
z 1011013111t 11 111
3 041 01 1 ¢ o101 1111111
¢ 111t 11 %1111 111
s 1 1 1 1 1 1 1 1 1 1 11 11
CONCN. BOUNDARY ARRAY FOR LAYER § READ ON UNIT 1 USING BLOCK FORMAT
102 1 4 % 6 7T § %ol o112 13 14
B A S S S e B A T R A S
2 10111 1 11 1 111111
3 -1 01 1 01 L 111 1 11114
4 11 1 1 1 911 111 11171
5 101 1 1t 1111 1 1111
CONCN. BOUNTIARY ARRAY POR LAYER 9 READ ON UNIT 1 USING BLOCK FORMAT
1z 3 4 s 6 1 8 9 w11z 1M
T R T
2 11 1 1 11 %t 1 11 11 11
3 -1 01 1 1 : 1 1111 111-
« 101 11 1 1111114111
5 L 1 11 1 1111 11 111
CONCN. BOUMDARY ARRAY  FOR LAYER 10 READ OW UNIT 1 UAING BLOCK FORMAT
102z 3 4 5 6 7T 8 8 111z 13 I
T Et) LIS LI T NP ORI
2 11 11 11 £ 1111111
3 -1 0101 0101 1 11 1 1 1 & 1-1
¢ 11 111 113111111711
s 1 1 1 1 1 1 1 1 1 11 111
CONCN. BOUNDARY ARRAY FOR LAYER 11 READ ON UNIT 1 U3ING BLOCK FORMAT
1z 2 4 5 6 7 68 9 10 11 32 13 14
Ty N B S R
2 1101 01 % : t 1 1 1 1111
% 11 1011 111111 31 11
1 1 1 1 11 11111111
5 1 1 1 1 1 1 1 1 1 1 1 1 1 1
CONCH. BOUNDARY ARRAY  FOR LAYER 12 READ ON UNIT 1 USING BLOCK FORMAT
102 3 4 5 6 7 @ 9 10 11 12 13 14
S S U T S R R R
z 1 1111 1111 11011
301 1 ¢+ 11111111111
+ 01 011 11111111111
s 1 1 1 31 1 1 % 1 1 1 1 111
INITIAL CONCENTRATION  FOR LAYER 1 READ ON UNIT 1 USING BIOGK FORG?

1 2 3 4 5 5 1 ] ’ 10 u 12 13 14
PR Taee Tales Toee T atosToleo” alda ToreeThlep T Telma’Telee  eues’olooaled’
Z g0 0.6 0.0 0,00 0.0 0.00 0.0 0.00 0.80 9.08 0,00 000 0.0 000
3 00 -p.ce .00 0.00 0,00 0.00 000 0.00 Do  0.00 0.00 ©0.00 0.00 0.0
a4 vos 0.0 D000 0.00 0.00 G©.00 ©0.00 000 D0.00 0.00 000 0.00 0.00  0.00
s g0 0.49 0.0 0,00 6.0 0.00 0.6 0.0 0,00 0.00 090 0.0 0.00  0.00

INITIAL CONCENTRATION  FOR LAYER 2 READ ON UNIT 1 USING BLOCK FORMAT
1 2 3 4 s 5 » [ s 10 1 12 12 N
LTl elee Teces onae”areeT Telee alee aieeCaieeTeles’ Tolae”alee” aionwen
2 o0 g.0 0.00 0.00 9.00 0.00 0.00 0.00 0.80 0.00 0.00 0.00 0.00 0.0
3 oue oo .00 o.op 0.0 B.00 .0 0.00 o.0D  0.00 0.09 600  0.00  0.80
4 006 0.0 0.0 0.00 0.0 0.00 0.0 0,00 690 0.00 .00 0,00 0,00  0.00
§ o0 0.0 0.0 0.00 0.08 0.0 ©.00 9.0 0.60 000 6.6 000 .00 0.00
INITIAL CONCENTRATION FOR LAYER I READ ON UNIT ! USING BLOCK FORRMAT
1 2 3 ‘. s 6 1 [ [ 10 n 12 13 14
CTEee e ol eee’oten Teieeoige el Ties  eloo  eibooupe 0lo0 a.ow
2 oo 0.0 0.0 0.00 ©.00 0.0 0.00 0.60 D0.06 0.6 0.00 D00  0.00 0.60
3 ¢.0 9.0 6.66 0.00 0.00 ©.00 0.0 0.00 0,00 0.00 .00 0.00 0.00 8.0
4« 000 .00 ©£.00 0,00 0.00 0.00 0.00 .00 0.00 0.00 0.0 0.0 0,00 U0.00
5 0,00 ©0.08 0.0 0.00 0.00 6.0 0.0 o.00 0,00 0.00 .00  0.00 0.00 0.0
JINITIAL CONCENTRATION  FOR LAYER 4 READ ON UNIT 1 USING BLOCK FORMAT
: z 12 13 14
BES NI N “alen Talee” olse”
2 oo 000 [ 0D 600 0.00
1 000 0.00 0 clea 000 0.6
4 0o 900 o : : 0.00 000 0.00
5  o.00 0.0 0.00 0.00 0.60 0.0 0.00 ©0.00 009 000 0.0 0.00 0.00 0.00
INITIAL CONCENTRATION  POR LAYER 5 READ ON UNIT 1 USING BLOCK FORMAT

1 1z 13 14
1 e 0 a0 alee  Talne TolanT
Z .0 e.0n 600 0.00 B0 0.00 0.0 0.00 0.0 0.00 000 0.00 0.00 0.00
3 20000 ©0.00 0.66 0,08 000 0060 0.0 200 0.6 0.00 ©.00 0.00 8.0 Q.00
4 “clon oo 006 o.00 0.00 9.00 0.0 0.00 ©.00 P00 0.00 0.00 0.00  0.00
5 0.0 o000 000 9.06 0.8 0.0 0.0 D0.00 0.0 0.00 0.00 0.08 0.00  0.00

INITIAL CONCENTRATION FOR LAYER 6 READ OM UNIT 1 USING BLOCK FORMAT

1 2 H ‘. 5 ] 1 » u
Vel e atoe T Tates el Talop’hiie” T aiaa eloo  T0l0a g.ee 900 600 006
2 0.0 0.Op 000 ©0.00 0.0 0.00 0.00 0.00 0.00
3 200,00 ©.00 0.00 ©.00 0.00 0.0 0.00 0.00 8.00
4 0.0 9,00 oo 0.0 0.0 0.00 0.06 0.00 000
5 0.0 0.00 0.00 .00 .00 U0.00 0.6 0.4 0.00 9.00 0.00 0.00 0.0¢  0.00

FOR LAYER 7 READ ON UNIT 1 USING BLOCK FORMAT




J-4
OUTPUT-H1.¢k

1 2 3 4 s € 7 L} 13 14
’ o0 ales eee Talenlnealoe
.00 .08 0.08 8.00 0.00 .00
. g.00 n.8o n.uo g.0¢ 0.00 0.00
b.o0 0.00 Q.00 0.0 0.o0 0.00 2.00 0.09 0.0t 0.00 0.00 6.00
n.ee 0.9 0.00 0.00 Q.oo 0.00 6.00 .00 0.00 0.o08 ¢.00 o.00 0.00
INTTIAL CONCENTRATION FOR LAYER § READ ON UNIT 1 USING BLOCK FORMAT
7 ] 9 19 11 12 11 14
TaleeT ales TTelbd " eleaele”algee.peole
0.00 n.o00 b.0o 0.00 a.o0 0.00 0.00 8.00
0.0 g.00 0.00 .00 0.c0 8.00 0.00 0.00
0.00 o.00 0.00 0.00 2.08 0.00 0.00 0.0
0.00 .00 n.o00 g.00 .00 0.00 .00 o.a0 .00 g.00
IMITIAL CONCENTRATION FOR LAYER § READ OM UNIT 1 USING BLOCK FORMAT
1 2 3 4 E) L] 7 ] L] 10 12 13 i
’ TR I S A PRI A I S I W I R I TR0 R X T A
2 £.00 .00 0.00 0.08 0.00 .00 0.00 o.f0 0.00 a.00 v.00 0.00 9.00
3 200.00 0.00 0.00 0.00 0.00 a.80 0.06 0.00 o.g0 0.00 .00 q.00 &.00 a.00
4 ¢.00 0.00 0.00 .00 0.00 0.0% 0.00 0.00 .00 .00 .00 °.00 o0.oQ 0.00
5 ©.00 0.00 o.oc 0.%0 Dot b.00 0.00 0.00 g.00 0.00 ¢.00 0.00 0.00 e.ed
INITIAL COMCENTRATION YOR LAYER 10 READl OW UNIT 1 USING ELOCK TORMAT
7 ] 9 10 13 14
TR W W T T N T N T TR T I T
.08 6.00 0.00 0.00 0.00 0.40 £.00
0.00 ©.00 0.00 0.00 0.08 0.90 c.o0
0.00 .00 a.ap 0.00 0.00 0.00 0.00
0.00 .00 0.o0 0.0¢ 8.00 0.00 o0.00
FOR LAYER 11 READ o UNIT 1 VAING BLOCK FORMAT
1 2 3 L] 5 & 1 L] 10 11 12 13 is
: 6 o aleo’ otoeCaloe’alaa 0.8 .00 o80
0.00 0.00 1.00 0.09 0.00 0.08
0.00 o.00 0.90 c.oo a.oe 0.00
0.00 .00 8.00 c.oo 0.00 .00
©.00 n.o0 0.0¢ o.00 5.00 0.08 0.00 0.00 0.00 a.e0 6.00 o.00
IRITIAL CONCENTRATION FOR LAYER 12 READ ON UNIT 1 USING BLOCK FORMAT
13 14
' . BN N
2 0.00 0.00 0.00
3 .00 0.00 0.00 0.00 o.00 0.00 .00
4 0.00 a.00 0.20 8.00 9,00 0.0 2.00
s 0.00 .00 8.00 a.go 0.00 0.00 o.nq 0.00

VALUE INDICATING INACTIVE COMCENTRATION CELLS - -859.0000
OUTRUT CONTROL OFTIONS

PRINT CELL CONCERTRATION USING FORMAT CODE: 3

PRINT PARTICLE NUMBER IN EACK CELL USING FORMAT CODE: 3
PRINT RETARDATION FACTOR USING FORMAT CODE:

PRINT DISPERSION COEFFICIENT USING FORMAT CODE: 3

SAVE CONCENTRATION IN UNTORMATTED FILE [WT3D.UCH] ON UNIT 18

NUMBER OF TIMES AT WHICH SINULATION RESULTI ARE SAVED =~ 1
TOTAL ELAPAED TIMES AT WHICH $INULATION RESULTS ARE SAVED:
0.44856E+07

NUMBER OF OBSERVATION POINTS = z
CONCENTRATION AT OBSERVATION POINTS SAVED IN FILE (MT3D.O88} ON UNIT 17
LOCATION OF OBSERVATION POINTS

2z 6 1 E
A ONE-LINE SUMMRY OF MASS BALANCE FOR EACH STEP ZAVED IN FILE [MT3D.MAN] O UNIT 19
MAXINUM LEMGTH ALONG THE X (J) AXIS =  2,133600

MAXIMUM LENGTH ALOWG THE ¥ (I) AXIf = §.3145000
MAXIMUM LEWGTH ALOWG THE Z (K} AXI3 = 3.657600

ADVECTION 3CLUTION OPTIONS

DISPERSION PARAMETERS

LONG. DISPERSIVITY (AL} = 0.0000000 FOR LAYER 1
LONG. DISPERSIVITY (AL} = 0.0000000 FOR LAYER 2
LONG. DISPERSIVITY (AL) = 0.0800000 FOR LAYER 3
LONG. DISPERSIVITY (AL} « 0.0000000 FOR LAYER 4
LowG. DISPERSIVITY (AL) = 0.0800000 FOR LAYER 5
LONG. DISPERSIVITY (AL) = 0.0000000 FOR LAYIR &
LONG. DISPERSIVITY (AL) « 0,0DDDOGO FOR LAYER 7
LoWG. DIZPERIIVITY (AL} = 0.00D00OO FOR LAYER 8
LonG. DISPERIIVITY (AL) = 0.0000020 POR LAYER 9
LONG, DISPERIIVITY {(AL) = 0.0000DD0 FOR LAYER 10
LOMG_ DISPERSIVITY {(AL) = 0.0000000 FOR LAYER L1
LoWG. DISPERIIVITY {(AL) = 0.0000800 FOR LAYER 12
H. TRANS./LONG. DISP. = 0.,foeccnd

V. TRANI./LONG. DIAP. = 0.0080DDD

DIFFUSION COEFFICIENT = 0.3650000E-09

STRESS PERICO No. 001

LENGTH OF CURRENT STRESS PERJOD = 4485600,

NUMBER OF ‘TIME STEPS FOR CURRENT STRESS PERIOD = 1

TIME STEP MULTIPLIER =  1.000000

USER-SFECIFIED TRANIFORT ITERSIZE = 600.0000 sec

MAXIMUM NUMBER OF TRANSPORT STEES ALLOWED TN ONE TDME STEP = 50000

TIME STER No. 001

TROM TIME = 0.00000 TO  0.44856E+07

“MEAD - FLOM TERMS FOR TDME STE? 1, 3TREXY PERIOD 1 READ UNFORMATIED ON UNIT 10




J-5
OUTPUT-H1.ek

w6
1.3
6.5
1.3
6.4
1.3 ]
a4 465 417 .8 50.2 519 51.6 55.4 s7.1 58.7 0.2
61.3 62.5
s 465 9101 0.8 50.3 51.9 53.6 55.4 57.1 58.7 0.2
61.3 62.5
" OLaYER 2
] ’ 10 n
BRI & . I TP ses sz
2.7 6.1 &4.2
FRTR .3 6.3 7.7 4.5 514 535 5.5 57.8 59.5 61.3
62.7 &.1 64.2
1 e 5.2 46.2 e 9.5 s1.4 $1.5 555 57.6 59.5 61.3
62.7 6.7 64.3 )
4 448 5.3 45.3 . 9. si.4 £3.5 5.5 57.6 59.5 61.3
s2.7 63.7 64.2
5 440 5.3 46.3 s 9.5 s1.4 53.5 55.5 s1.6 1.5 6.2
6.7 63.7 642
LAYER 3
1 H 3 4 5 [ 7 [} 9 10 1n
12 13 14
Wi T R e e T R
£5.5
2 ans 45.4 4.8 50.4 53.1 558 58.6 6.2 63.6
€5.6
3 407 as.4 ar.8 s0.4 53.1 55.9 58.6 s1.2 63.6
5.7
4 40.8 as.¢ 7.8 50.4 s3.1 s5.9 38.6 61.2 61.5
5.6
5 a1 5.5 A 10.4 53.1 55.9 50.6 L.l 6.5
€5.5
LAYER 4
9 10 n
TSt ManiIT TR LRSS
0.0 6.6 61.2
a3 45.0 52.7 55.3 60.0 6.7 61.3
5.4 a3.0 s2.1 $6.3 60.0 62.6 6.2
ass 3.0 52.1 56.3 60.0 63.5 67.0
IER S
5 6 3 8 9 10 11
I ST T e L T R e
2.6 414 52.2 56.8 616 66.4 1.6
2.4 a4 52.1 56.9 61.6 66.6 123
2.6 4T sz.2 56.8 61.6 56.4 1.8
2.8 an.s sz.2 56.8 61.5 6.2 1.0
LAYER (]
B 6 ? H] ’ 10 1

aw. 6.3 510 51,2 62.1 68.2 1.z
a5 6.3 1.0 s1.2 . 8.5 4.7
R} 6.3 1.8 51.2 6.7 58.3 a2
4. 6.4 51,8 s1.2 6.6 .1 3.6
1AYER 7
5 ] 1 ® [ 10 n
iz woe TR Te T T e 690 el
9.9 “.e 81.6 57.4 63.2 9.2 5.4
3.6 5.7 s1.6 w1 63.3 89.4 5.8
3.9 .0 1.6 514 6.2 6.2 5.4
w0 5.9 51.6 57.4 3.1 69.0 14.8
e 8
5 6 7 [ » it} 1
.................. BTy T T PR TSI
9.7 457 1.6 51.4 6.2 9.3 5.5
w.s as.6 1.6 51.4 3.4 9.5 6.0
19,9 R 1.6 s7.4 6.3 6.3 7.5
1.9 s 1.6 s1.8 1.2 9.1 75.0
YR S
5 5 1 [ s 10 n
s T e TR TR el e a2
w3 .1 81.1 s1.3 2.3 0.7 74,1
0.1 6.0 517 57.3 3.0 8.9 5.2
©.3 a6.1 1.7 51.3 2.9 8.1 4.7

40.5 46.1 51.7 57 62.9 60.5 74.2



J-6
OUTPUT-HI.ek

8 1] 10 11
$7.0 62.2
57.1 6.2 67.% 73.2
57.0 62.2 67.4 72.7
57.0 6.1 67.2 72.2

52.5 56.5 6.3 &40

35.%
70.3
z 35.2 36.4 €1.5 44.9 48.6 52.5 56.5 60.4 4.1 671.5
70.4 2.6
3 35.0 36.3 41.5 “.s 40.6 52.% 56,5 604 64.1 67.5
70.4 2.7
L] 35.2 36.4 41.% w.$ 48.6 52.% 56-% 6.4 64.1 £7.%
0.4 2.6
5 35.5 36.6 41.6 4.0 .y 52.5 56.5 60.3 64.0 67.4
0.2 2.4
oot * FLOM TERMS FOR TIME STEP 1, STRESS PERIOD 1 KEAD UNFORMATTED ON UNTT 1D
IAYER 1
1 [ ] 9 10 11

3546015 8.167E-10  7L60E-10 A.6A1E-30° §.403E-10°

3 1.975E-10 0 [L1]

2 1.9802-18 3.819E-10 5.410E-1¢ 6.686E-10 7.611E-10 9.170E-10 @.356E-10 8.170E-10 7.611E-10 6.6868-10 5.410E-10
31.819E-10 1.980E-10 0.000

2 1.984E-10 3.824E-10 5.41%6-10 6.690E-10 71.614E-10 8.1716-10 §.350E-10 B.171E-10 7.614E-10 6.690E-10 5. 4}5E-10
3.824E-10 1.984E-10 0.000

4 1.960E-10 3.819E-10 5.410£-10 6.686E~10 7.611E-10 B.170E-10 9.356E-10 0.170E-10 7.611E-10 6.686E-10 5.410E-10
3.019E-10 1.9808-10 €.00C

5 1.975£-10 2.817E-10 $.4036-10 6._6B1E-10 T-60BE-10 B.157E-1D0 B.354E-10 H.167E-10 7.609E-10 6.581E-10 5.403E-10
3.812E-10 1.975E-10 0.00C

"Zl: l\l 6 601! lﬂ a. n'mc-lu 9 nsss—m ! 551!-10 9.044E-10 9. 5515 10 9 DﬁBE—lO B D'H'lt-lﬂ 6 5115—10
4.112B-30 2. !WI: 10 0.300

2 2.54TE-10 4.817E-10 6.6785-10 €.095E-10 9.082£-10 9.661E-10 $.851C-1p 9.661E-10 9. DB2E-10 9.095E-10 6,679E-10
4.8176-10 2.547C-10 0.200

3 2.S80E-10 4.454E-10 6.705E-10 9.112E-30 §.092E-10 9,667E-10 §.A5EE-10 9.667E-10 9.092E-10 @.112E-10 6.705E-10

4.054E~10 2.580E-10 0.000

2.SATE-10 4.817E-10 6.670E-10 €.0S5E-10 9.08ZE-10 9.661E-10 9.B51r-10 9.661E-30 9.081z-10 @.0956-10 6.678E-10

4.817E-10 2.547E-10 0.000

% 2.510E-10 4.772E-10 6.641E-10 9.070E-10 §.0666-10 9.651E-10 $.8446-10 9.651E-10 9.066E-10 8.070E-10 6.641E-10
4.772E-10 2.510E-18 ©0.000

LAYER 3

1 2 3 4 5 [ 7 L] 9 10 1

12 13 1"

.941:—10 7.175E-10 BSJZB-IU Ll13!—09 1.2138-09 1.2695-'" lZl&l-‘)! 12685—09 12135-‘1“ 1 llJE‘ﬂ’ 95325-.\0
7.115E-10 3.941£-10 0.000

2 4.230£-10 7.481E-10 9.7456-10 1.125E-09 1.220€-09 1.271E-0% 1.2%8E-09 1.27iE-09 1.220E-09 1.125E-09 9,745E-10
7.481£-10 4.230E-10 ©0.000

3 4.585E-10 7.781E-10 9.924E-10 1.134E-09 1.2248-0% 1.274£-09 1.2906-09 1.274E-0% 1.224E-09 1.134£-09 9.524E-10
1,701E-10 4.5858-10 0.000

4 4.230E-10 7.461£-10 $.745E-10 1.125E-09 1.2208-09 1.271E-09 1.2096-0% 1.271E-09 1. 220E-0% 1.123E-08 $.7455-10
T.401E-10 4.230£-10 ©.000

5 2.941E-10 7.17SE-10 $.532£-10 1.113E-09 1.213E-09 1.2682-09 1.285L-09 1.2608-09 1.Z13E-09 1.113£-09 9.532E-10
7.175E-10  3.941E-10 0.000

1 z 3
12 13 14
1 71005-10 1.2245-!]! LIllE—ﬂ’ lﬂﬂ!-ﬂ9 1.601E-09 17105-09 17“!: D! 171DE 0! 1. 03C-09 L.620E-09 IIBBD-DQ
1.224E-0% 7.400E-10 0.000 .
2 9.651E-10 1.411E-05 1.5956-09 1.673E-09 1.7072-00 1.722E-09 1.7266-09 1.722E-09 1.M7E-09 1.673E-0% 1.595E-09
1.411E-09 §.651E-10 0.000
1 1.412E-09 1,656E-08 3}.704£-09 1.T17E-09 1_725E-09 1.7306-09 1.732£-08 1.7306-0% 1.7258-09 1.717E-09 1,704E-09
1.658E-09 1.4126-09 0.000
4 9_6S1E-10 1.4}1E-09 1.5958-09 1.673£-09 1,707¢-09 1.7226-09 1.7266-038 1.722E-0% 1.707-09 1.673E-09 1.593E-09
3.411E-09 9.651E-10 0.000
§  7.400E-10 1.224E-0% 1.484E-09 1.620E-09 1_663E-0§ 1.710E-08 1.718E-0% 1.7.0E-0% 1.681E-08 1.620£-09 1.488E-D9
1.2245-09 7.4005-10 0.000

2 3 4 5 6 T ] 9 0 11
13 l!

1
2.0920-09 1.484E-53 0.000

2 2.970E-09 2.9516-0% 2.6305-09 2.415p-09 2.288E-05 2.225E-0% 2.206E-09 2.225E-09 2.288£-09 2.415E-03 2.638E-09
2.951E-09 2.970E-0% 0.000

31 9.508E-09 4.7t5E-09 3.147E-09 2.573E-08 2.J406-09 2.245C-09 2.21RE-C9 2.245E-09 2.340E-0% 2,STIE-0% 3.1472-0%
4.715E-09  9.508K-09 D.0CO

4  Z.970B-0% 2.951E-09 2. 63‘!-09 2.415E-09 2.2B0E-09 2.225C-09 2.206£-0% 2.225E-09 2.289F-09 2.4156-08% 2.63BE-09
2.951E-09 2.970E-0% 0.0

5 L.4046-09 2.092E-09 2. 2$Ct~99 2.259E-0% 2.226E-09 2. 19!5-“9 2.188C-09 2.19BE-0¥ 2.226E-09 2.259E-09 2.254E-05%
2.092E-09 1.404E-09 0,008

LAYER 6

1 2 3 4 5 ] 1 L L] 10 1
1z 13 14
1 1 610!—09 Z 3525-09 Z Slﬁ!: 09 2 axzs—no 2 5765—!! 1 5115-0’ 2 527541? 2 Sll!}-lﬂ 2 S'Iﬁl.'. Il! 2 ilZL-ﬂD 2 555!-09
2.352£-09 1.610E-09 @.000
2 2.903E-05 3.156E-D9 2_$6UE-09 2Z.77SE-09 2.644E-08 Z.571E-09 2.548E-09 2.5712-0% 2.644E-08 Z.775E-09 2.9686-09
3.1558-0% 2.903E-09 ©.000



J-7
OUTPUT-HI1 ek

3 0.0196-03 4.671E-09 3.442E-09 2.932E-D9 2.699E-0% 2.593E-09 2.562E-09 2.5916-09 2.699E-09 2.932E-09 3.442E-03
4.671£-0% 0.0192-0% 0.000

4  2.9032-09 1.155E-05 2.966E-09 2.T75E-09 2.644E-0% 2.5718-09 2.548E-09 2.5T1E-09 2Z.644E-09 2.77SE-09 2.966E-09
3.156E-09 Z.903E-09 0.000

s  1.510E-09 2.352E-09 Z.5866-0% 2.6126-09 2.576E-09 2.541E-09 2.527E-09 Z.541E-09 2Z.576E-0§ 2.612E-09 2.586E-0%
2.352-09 1.610£-08 D.DOO

13 11

l 618!-09 2. I195~I19 2. ﬁill‘ﬂl 2 75“:-0' 2.73m-09 2. 7115 09 2. 'Wﬂl 09 2 71l.t 09 2. 73.5—09 Z 750!-0! 2 EFI -ﬂB

.409E-09 1.618B-09 0.000

14E-09% 3.1 .09 3,.05IE-08 2.$10B-09 2.B04E-09 2.T41E-08 2.720E-09 2.741E-0% 2.804E-09 2.910E-09 3.053e-09
J lslﬂ o 14E-D9  0.000

3 7.541E-09 _SSSE-8Y I.495E-09 3.058£-09 Z_E56E-09 2.7626-09 2.7345-09 2.762£-05 2.856E-05 3I.050E-09 3.4855- 09
4.558E-0% 7.541E-09 0.000

4  2.8148-09 3.158E-09 3.057B-09 2.9106-09 2.8045-09 2.741E-0% 2.720E-09 2.741E-0% 2.004E-09 2.910E-0% 3.053e-09
2.158E-09 2.814E-09 0.000

5  1.61BE-09 2_4D9E-08 2.694E-0% 2.754E-05 2.718E-09 2.711E-09 2.700E-09 2.711E-0% 2.733E-0%9 2.754E-0% 2.694E-09

2.409E-09 1.618E-09 9.200

1 LIS 09 2 409E-08 2.7DIE~0S 2.769E-09 2.7596-03 3.736E-00 2.726E-08 “209366-0% 2.7598°09
2.4096-09 1.6152-08 0.040

2  2.801E-09 3.152E-D4 3.0576-09 2.9236-09 2.0246-D9 2.765E-09 2.746E-08 2.765£-0% 2.924E-09 Z.923E-09 3.0S7E-03
3.1528-09 2.801E-09 0.0D0

3 7.490E-09 4.540E-09 1.49SE-G9 3.070£-09 2.8766-09 2.7BIE-D3 2.760E-09 2.707E-99 2.876E-09 3.070£-09 3.4956-09
4.540£-09 7.4902-09 0.000

4 Z.801E-D9 3.15ZE-09 3.057E-05 2.923E-09 2.824E-0F 2.765F-0% 2.T46E-09 2.765E-09 2.824E-0F Z.$23F-09 3.057E-09
3.152E-09 2.801E-0% 6,008

5 1.6158E-09 2.409E-097 2.701E-09 2.769E-09 2.759E-09 2.736E-09 2.T26E-09 2.136E-09 2.759E-0% 2.769E-0% 2.701E-09
2.409£-09  1.615E-0% 0.000

2.1695-09 2.701E-

1 3
12 12 4

1 601!}-09 2 357E-| 09 2 613!-1\9 Z 665: 0! Z EIDl-U! 2 515!1 lll Z ﬁl&!-n! 2. sza: Iﬂ 2.6498-0% 2.
2.3157E-09 1.S01E-0% D.000

2 Z.AS7E-0% 3.130E-0% 2.5065-09 2.B246-09 2.7156-09 2.855E-09 2.6368-0% 2.655F-09 2.715E-09 2.B24E- 09 2.996E-09
3.138E-0% 2.R51E-D% O.

3 7.074E-08  4.609E-09 3.446E-09 2.977E-0% 2.7GPE-09 2.677K-08 2.650E-09 2_677E-09 2. 769E-09 2.977E-09 3.446E-09
4.609E-0% 7.034E~09 0.0

4 2.857E-05 3.138€-09 2.996E-09 2.9ZAE-0% 2.7156-09 2.6556-04 2.635E-09 2.655E-0% 2.715E-09 2.824E-09 2.986E-D9
3.138E-09  Z.951E-D9  0.000

5 1.601E-09 2.3578-09 2.6]1SE-08 2.6856-09 2.649E-09% 2.626E-09 2.B616E-09 2.626E-09 2.649E-09 2.665€-D9 Z.615E-09
2.3576-0%  1.601E-09 0.200

1 2 3 4 5 & T 5 9 10 11
12 13 14
1 1. 481!-!19 Z IZSE—II! Z 336‘-09 2 3'55 OV 2 ]BS(:—D? 2 370&09 2 J'l.'ll-ﬂ! 2. ]7':-09
2.125E-09 1.4B1E-09 D0.000
z 2.065E-09 2._938E-00 2 700&09 2.534E-09 2.445E-09 2.4045-0§ 2.392E-09 2.404E-09 2.445E-DF 2.534E-08 2.700E-0%
2.938£-09 2.8B5E
3 9.047E-09  4.605E-09 3 182!—“, 2.683E-09 2.495E-09 2.423E-09 2,404E-09 2.423E-09 2.495E-09 2.683E-09 3,162E-09
4.605£-09 9.047E-09 D.000
4 2.885E-09 2.936E-0% 2.700E-09 2.534E-09 2.445E-09 2.404E-09 2.392E-09 2.404E-09 2.445E-09 2.334E-08 2.700E-0%
2.938E-0% 2.865E-09 D.000
5 1.481E-0% 2.1256-09 2.336E-09 2.385E-09 2.306E-0¢ 2.378E-09 2.375E-09 2.376E-0% 2. 386E-09 2.385E-09 2.336B-09
2.1256-09 1.481=-0% 0.000

-336E-03

LAYER 11

1 2 3 4 5 L] 7 8 9 10 11
12z 13 4

.IISI: a8 1 6!5! 0!

1.362E-09 1.693E-09 IJBSE—QD 1 990t—ﬂ§ Z D43e-0P Z 059E-09
1.362¢-09 8.065£-10 ©.000

2z 1.020£-09 1.540E-08 1.797E-09 1.935€-P9 2.013r-09 2.054E-09 2.067L-09 2.054E-0% 2.013E-C9 1.935E-09 1.797E-09
1.540E-09 1.020E-05% ©.COO0

3 1.441E-09 1.77IE-09 1.900E-09 1.978E-09 2.D31E-09 2.062E-0% 2.0728-09 2.0628-09 2.031E-09 1.978E-09 1.900F-08
1.773E-09 1.441E-0% ©.000

4 1.0206-00 1.540E-0% 1,197E-09 L.935E-09 2.013c-09 2.0546-09 2_DE7E-03 2.054E-09 2.013E-09 1.935E-0% 1.797E-09
1.540E-09  1.0208-09 0.000

5 B.065E-10 1.362E-09 1.595E-09 1.88SE-0% 1.990E-09 2.043E-09 2.0596-09 2.043¢-09 1.990E-05 1.B85E-09 1.695E-08
1.3626-09 d@.065E-10 0,000

LAYER 12

12 13

' I:IZZI'UF 1731!-0’ 1583P09 1310!—09

5.438E-10 1.001E-D9 1.344E-09 1.983£-09 1.7

1.0C01E-0% S.438E-10 0.000

2 ©.745£-10 1.034E-09 1 .368E-09 1,.597E-09 1.745E-0% 1.827E-09 1.8515-09% 1.8278-0% 1.745e-09 1.597E-Q% 1.368E-09
1.034E-09 §.745E-10 0.000

3 6_111E-10 1.066E-09 1.387€-09 16lll!-09 1.7S0E-09 1.8308-09 L.853E-D9 1.830E-09 1.750E-0% 1.608E-09 1.3878-09
1.066E-09 6.111E-10 0.000

4 5.745E-10 1.C346-0% 1.366E-09 1.597E-09 1.745E-09 1.827E-0§ 1.953E-09 1.6276-09 1.745E-08 1.5975-09 1.368E-08
1.034E-0% 5.745E-10 _0.900

5 5.438£-10 1.001E-09 1.3€4E-09 1.563E-09 1.737E-09 1.822E-09 1.B50E-09 1.822E-09 1.737E-09 1.533E-09 1.3446-09
1.001E-09 5.438E-10 0.000

oYY " FLON TERMS FOR TIME STEP 1, STRESS PERICD 1 READ UNFORMATTED ON UNIT 10

z 3

12 13 14

1 -2.257E-12 -l 035!:—12 -l A64E- 12 ~9.709E-11 -5.109E-13 -2.571E-13 -7.793E-14 7 6565-14 2 -SBYE- l! $.145E-13

1.369E-12 1.891E-12 2.260F

2 -1.546E-12 -1.289E-12 -9, 916:-11 -5.670E-13 ~1,236E-13 -1.589E-13 -4.392C-14 §.296E-14 1.644E-13 3.2566-11 5.663E-11
0.944E-33 1.264E-12 1.541e-12

3 1.530E-12 1.2681E-12 0.910F-13 5.651E-13 J 26BE-13 1.664E-13 5.520L-14 -4.102E-14 -1.567E-13 -3.232E-13 -5.676E-11
~8,986£-13 -1.270E-12 ~1.548E-12

1.361E-12 6.782E6-12 S 118E-13 2.584£-13 7.919E-14 -7.4536-14 -2,540E-13 -5.082E-13 -8.769E6-13

-1.36JE-12 -1.| -2.260E-12
5 b.00C D.beo 0.000 2.000 €.000 @.000 ¢.oe0 0.000 0.000 0.0c0 0.000
c.00c D.a¢o 0.000 !
LAYER 2
1 3 4 L 1] 9 L] 4 10 11
12 14

1 -1.200B-11 -9.. AS{IE 12 -6 290912 -3.706E-12 1 91IE 11 -! 25]5-13 -2 6!65 13 2 7205~13 9 Sﬂll-lll 1 !ll'l! 12 3 704:—12
6.286E-12 9.458E-12 1.200E-11

2 -+9.249E-12 -6.950E-12 397E8-12 -2.490F-12 -1.2938-12 -5.933g-13 -1.643E-13 1.760E-13 6.007€-13 1.293£-12 2.485E-12
4.38BE-12 6.%41E-12 241E-12

32 9.240E-12 6.94ZE-12 4.392E-12 2.490E-12 1.297E-12 S.996E-11 .1,7326-17 -1.603E-13 -5.954E-13 -1.294L-12 -2.491E-12
~4.396E-12 ~6.948E-12 -9.247E-12

4 1.2008-11 9.45BE-12 6.289E-1Z 3.706E-12 1.9825-12 9.303E-11 2.686E-11 -2.682E-13 -9.270E-13 -1.977E-12 -1.703E-12
-6.2676-12 -8.459E-12 -1,200E~11

5 0.000 0.000 g.ooo ¢.00C 0.8030 o.000 0.008 0.o00 0.000 t.000 o.ooe
0.00¢ 0.000 o.002
LAYER 3
3 z 3 4 L] 6 ? L] L) 1o 11



C1TIRiaeRElid s zezecii lilisselil Ciledeseil

z
1
4

5

s

3.156E-11
-6.56TE-11
2.445E-11
6.986E-11
-2,4456-11
7.2682-11
-3
0.000
0.008

1
»

1.309E-10

5.282E-11
525E-11
4.523E-11
4.525E-11

-4.5258-11

5.282E-1)

E-11 -5.2825-11

2-SB6E-10

~6.087E~10 -2.907E-10

6.
-1.270E-10 -.

249E-10

0.000
0.000

1
12

.JE9E-10 -

2.987g-10
2.987E-10
2.6B6E-10

-GOEE-10
L1}
.000

2
13

17 2la726<09 C1o04bEC 08

z
3
q
5

1
2
3
4

5

-434E-10

5.16%E-10
6.281E-09

1.040E-0%

.2081E-09 -1.742E-09

1.742€-09
1.742E-09

-5.169E-10 -1.742E-0%

2.072E-09

1.040E-D%

~4.434E-10 -] .04QE-0%

£.000
0.000

1
1z

.539e-10

Lla0e-09

.9102»0; -

0.000
b.000

2
3

L9iZE 08
1.012E-09

<100E-09 -1.548E~-09

1.548E-09
1.548E-09

-4_967E-10 -1.548E-D%

1.910€-09

1.01Z7E-09

-4.539E-10 -1.012E-0%

0.000
0.000

1
12

1ltezEl0s I8 5170

4.315e-10

0.000
0.0600

?
13

5.517E-10

-4.719-09 -1.43BE-09

4.6622-10
4.719E-0%

1.438E-0%
1.438£-08

-4.662E-10 -1.41BE-0%

1.782E-09
-4,315E-12

b0.00C

o.000

1
12

1

2

171 lesse 08 Do le2ve 10

2

3

3

s

2

2

4
5

9_S1TE-10

=-9.517E-10

4.275E-14
-4.4B1lE-0%
4.6208-10

1.766E-09
-4_275E-10

4.407€-10
-4.960E-09
4.023E-10
4.9608-09

9.431£-10

-1.426E-09

1.426E-0%

9.421E-10

-9._4318-10

9.029€E-10

~1.504E-0%

1.504E-09
1.5C48-09

-4,823E-1D0 -).504E-09

1.855E-09

%.829E-10

~4.407E-10 -9.@298-10

0.000
0.000

4.214£-18
-5.925E-09 ~1.6476-09

4.900£-10
5.925E-09

0.000
0.000

13

B64E- 10
5 864E-10

1.647E-05
1.647E-09

-4.900£-10 -1.647E-09

1.9B1£-18

9.8548~10

-4.214E-10 -9 .B64E-10
g.000
£.000

0.000
o.oon

~-4.036E-10
1.3268-10
-5.7588-10
1.2098-10
5.750E-10

-2.537E6-10

2.5578-10

-2.833E-10

Z.8336-10
2.8338-18

~1.209E-10 -2.033E-19

4.036E-10

2.557E-10

-1.326E-10 ~2.557E-10

0.00C
2.000

0.000
0.000

J-8
OUTPUT-Hl1.ek

1aze-12 -3

1.28€£-11

-7.4452+11 -1.203£-11 -5.554£-12 -2,339E-12 -6.3416-13 6_393E-13 2.336E-12 5.550E-12

0.000

0.goo

1. 1

1.203E-11

0.060

g::ﬁ:ii 1.203E-11 5.557g-12 2.1‘25-12. §.365E-13 -6.372E-13 -2.340E-12 -5.554E-12 -1.203E-11
_g.:::::ii 1_6758-11 6.14ZE-12 3.540E-12 9.7T1E-13 -9.709E-13 -3.539E-12 -8.136E-12 =-1.875E-11
e b o.o00 o.000 0.000 0.000

o.000

LAYER 4
i 4 & [ ke 1

1.399E-10 -6.45
4.2496-10
-1.276£-10 -5.152E-11 -2.043E-11 -7.682E-12 -1.964E-12 1.965E-12
6.087E-18

T.6%08-12

10

13ledsEe1s 2.8308-12 1.1176-11 2.804E-11 6.45

2.043E-11

5.192E-11

1.270E-10 5.152E-11 2,.043E-11 7.699E-12 1.963E-12 -1.966E-12 -7.694E-12 -2.043E~11 -5.152E-11

+~6.087E-10

1.389E-10 6.459E-11 2.904E-11 1.1176-11 2.930E-12 -2.932E-12 -1.1176-11 -2.804E-11 -6.456E-11

-4.209£-10
-non 6.000 0.000 §.000 ©.000 a.000
0,000

3 4 5 6 " L]

0.000

0.006

L1

10

a.800

0.000

11

Tesio iTieaa leleaeel C2lasnoil léEzeeciz el22tEid 2 Le82eCll eldeEll 1lvie-ts

1.634E-10

2.072E-09
-§_169E-10 -1.534E-10 -5.425€-11 ~1,00BE-11 -4.322¢-12 4.3196-12 1.BU7E-11 5.424E-11
6.2012-09
5.169E-10 1.634E-10 5.424€-11 1.8076-11 4.316E-12 -4.3236-12 -1.BOUE-11 -5.424€-11 -1.634E-10
-6.281E-09
4.434E-10 2.771E-10 6.B2PE-11 2.492E-11 &6.226E-12 -6.227¢-12 -2.452E-1)1 -6.828E-11 -1.771E-10
-2.0122-09
0.000 b.000 0.000 ©.000 2.000 0.000
0.000
LAYER &
1 4 5 6 7 . 1]
14

.939€-10 -

93E-10 7 544E-11 -2 624E-11 -7.1366-12 7.156E-1

0.000

e.000

0.600

1.%108~09
-4,967E-10 -1.674E-10 -5.8406-11 -2.0168-11 -4.9156-12 4.9106-12 2.01SE-11 5.839E-11 1.674E-10
5.1008-09
R.967E-10 1.674E-10 S.8I9E-11 2.0165-11 4.908E-12 -4.915E-12 -2.016E-11 -5.839E-11 -1.674E-10
~5.1008-09
€.539E-10 1.891E-10 7.544E-11 2.8236-1} 7.1568-12 -7.155E-12 -2.8Z3E-11 -7.544E-1) -1.8916-10
=).910E-09
0.000 0.000 0.0c0 0.000 0.002 0.000
0008
LAYER 7
3 4 5 6 1 L3
1

Jaliisecialileieti0 07 3636001 2 1eeEl]
1.762E-08

+4.662E-10 -1.594E-10 -5.649E-11 -1,97BE-11 -4.B67E-12 4.864E-1Z 1.976E-11 S5.648E-11 1.594-10

0.000

0.00¢

in

11

4.719E-09
4.662E-10 1.5945-10 5.6496-11 1.97BE-11 4.863E-1Z -4.867E-12 -1_978E-11 -5_649E-11 -1.594£-10
-4.7196-09
4,315£-10 1.821£-1C 7.363E-11 2.7895-11 7.123E-12 -7.122E-12 -Z.789E-11 -7,363E-11 -1.821E-10
-3.7826-03
9.c00 €.000 a.000 0.000 Q.000 0.000
0.000
LAYER L]

3 1 5 6 1 8

1
la.2186010 C1804E510° 702636011 J2 Te2E-11 ~
1.7668-08

-4.620E-10 ~1_5792-10 -5.596E-11 -1.959E-11 -4.820E-12 4.010E-12
4.681E-09

1.9995-11

5.596E-11

1.579E-10

4.6206-1¢ L.STPE-10 5.596E-13 1.960E-11 4.91PF-12 -4.622E-12 -1.960E-1l -5.5§6E-11 -1.579E-10

o.000

-::g:;::g: 3.804E-10 7.293E-1} 2.762E-1) 7.055£-12 -7.0%6E-12 -2.763E-1l -7.2936-1) -1.B04E-10
Saee " oot 0.000 0.000 0.000 0.008
0,000
LAYER 9
3 4 s 5 i [

1.83%6-09

10

11

1273 raee< 11" 7 3zee 01 i 36E 0

~4.823F-10 -1.625B-10 -5.671E-11 -1.95EE-11 -4.776E-12 4.771£-32 1.958E-11 5.671E-11 1.625€-10

4.960E-09

4.823E-10 1.625E-10 5.671E-11 1.958B-11 4.7736-12 -4.77hE-127 -1.958£-11 ~5.671E-11 -1.625E-10

-4.960E-09

4.407E-10 1.8366-10 T.120E-11 Z.744E-11 6.957E-12 -6.957E-12 -2.744E-1% -7.329£-11 -1.8368-1C

-1.855E-09
0.000 0.000 6.000 o.o00 o.p0a o.o00C
0.0co
LAYER 10

6 T L]

:iiiﬁlli 5.967L-12 5.9636-12

1.961E-09
—0.900E-10 -1.553E-10 -5.169E-11 -1,727F-11 -3.1306-12 4.121£-12 1.727E-11 5.169g-11 1.5532-10
5.9256-09
4.908F-10 1,5536-10 S.169€-11 1,727E-11 4.13ZE-12 -4.1358-12 -1.927E-11 -5.169E-11 -1.553c-19

925£-09

0.000

0.000

10

0.000

11

2laneztii’ 6ls1eE-111l6beE-10"

4.214E-10 1.686K-10 6.51BE-11 2.104E-11 5.966E-12 -5.964r-12 -2.3B4E-11 -6.510E-11 -1.6B6E-10

-1.961E-09
0.090 0.000 B.000 o.000 0.000 0-30D0
0.000
LAYER 11
3 4 5 6 7 ]

~1.326E-1
4.036E-10
=1,209€-10 ~4_9266-11 -1.964E-11 -?7.435E-12 r1.906E-12 1.905E-12
5.758£-10

o.000

7.4336-12

EL)

1.964E-11

o0.coo

4.926£-11

1.2096-10 4.926L-11 1.963E-11 7.4298-12 1.904E-12 -1.904E-12 -7.430£-12 -1.964E-11 -4.926E-11

~5,TS8E-10

1.326E-10 6.194E-11 " 2.7026-11 1.081E-11 2.848E-12 -2.847E-12
-4.0366-10

0.000 6.000 o.coe 0.000 ©.0oo 0,000
$.000

LAYER 12

-1.@01E-11 -2.702E-11 -6.194E-11

0.000

©.000



5

4 -1.9BE-10 =1.846E-10 ~1.596E-10 -1.279C-10 -9.271E-11 -5.5968-11 ~1.869E-11 1.069E-11 5.596E-11 $.271E-

3

2
3
1
5

i

2

J-9

OUTPUT-HI ek

4 5 6 L}

3.5808-11 5.BO4E-11 JDi8E-11

_7.469E-11 -4.930E-11 -2,72SE~11 -1.372E-11 -6.47SE-12 ~2.7711E-12 -7.625E-13 T.650E-13 2.77BE-22
2.725E-11 4.928E-11 T.468E-11

7.467E-11 4.929E-11 2.725E-11 1.3726-11 6.475E-12 2.T18E-12 7.654E-13 -7.615E-13 -2.775e-12
-2.725E-11 -4,9306-11 -7, 468E-11

.016E-11 5.884E-11 580E-11 1.934e-11
-3.5808-11 -5.864E-11 -D.D19E-11

¥.570E-12 4.227E-12 1.J90£-12 -1,17BE-1Z -4.226E-12

65.4778-12 1.373E-11
~6.4T4E-12 -1.373E-11

-8.569E-12 -1.P34E-1)

0,000 G.o0e 9.008 0.000 a.o00 0.000 4.0e0 0.000 0.000 0.800 0.000
0.080 0.000 0.000
023 * FLOW TERMS FOR TDME STEP 1, STRESS PERIOD 1 READ UNTORMATTED OM UNIT 10
LAYER }
2 2 L] 5 [ 1 L] 4 1a i1
13 4

195-10 -1.579E-10 -1.269E-10 -#.218) 62E-11 5.571E-11
1.579E-10 }.B19E~-10 1.953E-11

SE-10 -1.996E-30 -1.279E-10 -9.271E-11 -5.596E-11 -1.B69E-31 1.869E-11
SE-10  1.96HE-1

B -10 -1.286E-10 -9.306E-21 -$.611E-11 -1.873E-11 1.873B-11 5.611E-11

1.609E-10 1.866E-10 Z.015E-10

5.5968-11

1.596E-10 1.946F-10 1.$86E-10

-1.952E-10 -1.819E-10 -1.579E-10 -1.269E-1D -9.218E-11 -5.571E-11 -1.962E-11 1.8628-11 5.571E-11

1.579E-10 1.919€-10 1.9S3E-10
LAYER 2
1 2 3 1 s 6 T L] ?
12 13 14

.344E-10 -3.985£-10 -2.385E-1C -

3.3656-30 3.90EE-10 A.344E-1D

-4.563E-10 -4.142E-10 -3.4?6E-10 -2.709E-10 -1.921E-10 -1.1426-10 -3.786E-11 3.786E-11
3.4765-10 4.142E-10
~4,7015-10 -4.2006-10 -
3.548E-10 4.2008-13
-4.S63E-10 -4.1428-10 -2.4766-10 ~2.7C96-10 -1.9Z1E-10 -1.1426-10 -3.796E-11 3.786E-11

1.142E-10

3
-Z.744E-10 -1.9366-10 -1.14BE-10 -3.8036-11 3.803E-11 1.148E-10

1.142e-10

3.4766-10 4.142E-10 4.563E-10
L 4.364E-10 -3 .986E-10 -3.365E~1D -2.662E-10 -1.B986-10 -1,133E-10 -3.761E-11 3.7ERE-11 1.133-10
3.305E-10 3.986E-10 d4.344E-10
LAYER 3
1 H 3 4 5 L] 7 ] L}
12 13 1
27.5576-10 6. 6926 10 ~5 . azgE- 2107 1 6asE

5.426E-10 6.692E-1¢ 7F.557E-10
~8.024E-10 -T.469E-10 -5.813E-10 -4.261E-10 -2.992E-10 -1.674E-10 -5.476E-11 5.476E-11
5.813E-10 7.469E-10 &.§24E-10

1.679E-10

‘s.zieE-11 ilzedE-i0
9.211E-11 1.279E-10
5.306£-11 1.206E-10
1 1.2196-10

9.210£-11 1.269%-10

10 11

1.921E-16 2._709E-10
1.9366-10 Z.742E-18
1.921E-10 2Z.7098-10

1.898E-10 2.662E-10

it

Z.892E-19  4.261E-10

3 -1.076E-09 -B8.38ZE-10 -6.)AZC-1D -4.403510 ~2.946E-10 -1.693E-1D -5.524E-11 5.5248-31 1.693E-10 2.%46E-10 4.403E-10

[}
5

2

6.182E~10
-8._824E-10 -7 4698-10 -
5.613E-10 T.469E-10 8

6.362E-10 1.076E-09
AC-10 ~4.261L-10 ~2.8922-10 -1.674E-10 -5.476E~11 5.476E-11 1.674E-10
4E-1

~7.557E-10 -5.692E-10 -5.426E-10 -4.0B9E-10 -2.820E-10 -1.546E-10 -5.406€-11 5.405E-11 1.6465-10
5.428E-10 6.692E-10 7.557E-10 .
LAYER 4
1 3 4 5 1] 7 [ ] 9
12 14

L7635-10 23, 1668-10 -1 8085-10 <5.

L0T1E. . . -10 -4
6.678E5-10 B.84BE-1D0 1.071E-09
-1.664E-09 -1,163E-0% —7,71SE-10 -5.16BE-18 -3.3L1E-10 -1.858E-10 -5.997€-11 $.9976-11 1.858E-10
7.7758-10  1.183E-09 1.663E-08

2.892E-10 4.261E-10

2.820E-10 4.089E-10

1c 11

3.311E-10 5.1685-10

3 -1.706E-0% -1.8825-09 ~9.179£-10 -5.571E-10 -3.433E-10 -1.895E-10 -6.0826-11 6.082E-11 L1.9936-10 3.4338-10 5.571E-10

5

9.179E-10 1.682£-D9 3.7D6E-09

10664609 ~1.1630-09 -7.77SE-10 -5.164E-10 -3.JL1E-10 -1.658E=10 -5,997E-11 5.9976-11 1.858E-0
7.7756-10 1.3636-08  1.564E-09
~1071E-09 8.B48E-10 ~6,679F-10 -4.763E-10 ~1.166E-10 -1,808F-10 -5.8745-11 S.878E-11 1.8086-1¢
6.679E-10 8.046E-10 1.071E-03
LAYER 5
L 2 3 ‘4 s 3 1 . s
12 13 14
T3 Aleaze-10 - 8188010 3 46aE-10 T3 030E-10 -2

3
q
5

1
2
3
4
3

1
2
3

4 -1.380E-11 -1.734E-1] -1.874E-11 -1.773E-11 -1.441€-11 -9.347€-12 -3.233€-12 3.236E-12 $.3516-12  1.441E-11

5

1
z
2

1.060E-10 4.51BE-10 4.833E-10

9.250E-10 -4.418E-10 ~3.905E-10 ~3.0815-10 -2.191E-16 -1.2926-10 -4.271E-11
3.905€-10 4.410E-10 4.250E-10

D.ooo -3.7722-10 -3.833E~10 -3.095E-10 -2.196E-10 -1.299E-10 -4.293F-11 4.Z936-11
3.833E-10 3.722E-10 0.000

250E-10 -4.4186-10 -3.9056-10 ~3_0B1E-10 -2.1816-10 -1.2926-10 -4.271E-11 4.271E-11 1-297e-10
3.905E-30 4.41BE-10 4.250K-10

4.271E-11  1.242E-10

1.299£-10

_4.932E-10 -4.518E-10 ~3.860E-10 -3.D3BE-10 -2.15SE-10 -1.2808-10 -4.230C-11 4.2386-11 1.280E-10
3.068E-10 4.518E-10 4.832E-10 ‘
LAYER 6
1 2 3 4 5 L] ki L] 9
12 13 14

~1,8338-10 -1.8225-10 -1.670E-10 -1
1.670E-10 1.Mi2Z-1D 1.833E-10
-1.372E-10 -1.584E-10 -1.509E-10 -1,376E-10 -1.039E-10 -6.404E-11 -Z.158E-11
1.569E-10 1.53%42-10 1.372E-10

2.150E-11 &§.405E-11

0.000 ~1.187E6-10 -1.479E-10 -1,347€-10 -1.037E-10 -6.391E-11 -2.156E-11 2.156E-11 6.391E-11
1.479£-10 1.197e-10 0.008
~1.372E-10 ~1.594E-10 -1.589E-10 -1.376E~10 -1.039E-10 -6.404E-11 -2.158E-21 2.158E-11 6.405E-11
1.589€-10 1.594E-10 1.372&-10
~1.833£-10 -1.812F-10 -1.6708-10 -1.401E-10 -1.046E-10 -6,4176-11 -2.1596-11 2.1598-11 6.417E-11
1.670€-10 1.912E-10 1.832E-10
LAYER T
1 2 3 q s 3 T 1] L]
12 13 14

+1.941E-11 -2,
2.017g-11 2.023£-11 1.941E-11

~1.300E-11 ~1.704E-11 -1.874E-11 -1.773E-11 -1.441E-11 -§.048E-12 -1.2336-12 3.Z36E-12 9.351E-12
1.874E-11 1.715e-11 1.380E-11

0.000 -1.271E-1] -1.123E-11 -1.720E-11 -1.422E-11 -$.200€-12 -1.216E-12 3.2202-1Z 9.204E-12
1.724p-11 1.271E-1l D0.000

1.674E-11 1.73%E-11 1.3806-11

-1.9418-11 -2.023E-11 -2.0876-11 -1.8352-131 -1.4665-11 -9.443E-12 -3.257€-12 3.260E-12 §.4458-12
2.0176-11 2.023E-1i 1.941E-11
LAYER ¥
1 2 3 4 L] & T 8 1]
12 13 14

1.321E-10 1.287E-10 1_1566-10 9.427&-11 6.845E-11 .1138-11
-1.156&-1¢ -1.ZB7E-10 -1.321E~10
1.002£-10 1.143E-10 1.109E-10 9.310E-11
-1.109F-16 -1.143E-10 -1.002E-10
2,000 9.6146-11 1.036E-10
-1.036E-10 -6.614E-11 0.000
1.0026-10 1.143B-10 3.109E-10 ©.219F-11 6.812E-11
+1.1090-10 -1.1438-10 -1.002E-10

6.8326-11 4.120p-11 1.372E-11 -1.372E-11 -4.1208-11

9.1448-11 6.805E-11 4.120E-11 1.3735-11 -1.373E-11 -4.120E-11

4.1208-1)  1.372E6-11 -1.3728-11 -4.120E-11

BRECIL 20176011 iowsee- 1 -Lleess il Telaazeli la 25T ie d zkon 12 6 ek iz

3.311E-10 5.168E-1C
3.166E-10 4.7636-10

18 1

2.181E-19

3.0812-10
2.196E-10  3.095E-10
2.181E-10 3.0DB1E-10

2.155E-10 3.03BE-10

1

101 laielie”
1.039-10 1.376E-10
1.0326-20 1.3476-10
1.0396-10 1.3762-10

1.046E~30 1.401C-10

10

1.441E-12 1.773E-1)
1.4226-11 1.720E-11
1.7738-11

1.466E-11 1_835E-11

10 11

liaselil slazieiny’
-6.8326-11 -8, 1106-11
-6.805E-11 -5.144E-11

-6.832E-11 ~9.310E-11



5

1.321E-10 1.287E-10

1 2
12 13

1.
~).1568-10 ~1.Z87E-10 -1.

156E-10
321610

14

-2.978E-10 -3.5%99€-10 -1

BIE- 10

9.427e-11 6.B4SE-11 4.1138-11

LAYER

]

J-10

OUTPUT-H1.ek

8

1.368E~11 -1.366E-11

9.334E-11 1.052E-11 -3.053E-11

$.417E-11 3.075E-11 -1.076E-11

9.334E-11 1.0526-11 -3.0538-11

9.204E-11 3.017€-11 -3.017E-11

LAYER 10

“1la3aEtio” 3lsseesil’3iesiecil’

1.2me-10

4.062E-11 -4.063E-11

1.3166-10 4.143E-11 -4.14JE-11

1.201E-10 4_0&2ZE-11 -4.063E-11

1.2345-10 3.950E-11 -3.950E-11

LAYER

21

425E-10 2.352E-10 1.507E-10 ©.3S9E-11 2.675E-11 -Z.675E-11
1]

LAYER 12
6 1
0.080" " oless
0.000 0.000
a.goo 0.000
6.000 0.000
0.000 0.000

2 3.478E-10 3.546E-10 J.DMBE-10 2.3347-10 1.60BE-10
~3.048E-10 ~3.546E-10 -1.479E-10
3 D.000 3.032E-10 1.020E-10 2.360E-10 1.626E-1d
~3.020E-10 -3.0328-10 0.00D
4 3.478E-10 1.5468-10 3.04BE-10 2.334E-10 1.608E-10
&
1 s
12
8.868E-10 6.903C-10 5.DTEE-10 2.475E-10 2.2245-10
~5$.0796-10 -6 - -10
2 1.420E-09 9.6)4E-10 &.1176-10 2.860£-10 2.J62E-1D
-6.117E-10 ~-9.614E-10 -1.428F-09
3 3.354E-09 1.4528-09 7.4462-10 4.241E-10 2.477E-10
=7.446E-10 -1.452E-09 -1.3548-09
4 1.428C-09 9.624E-}0 6.117E-10 3.0598-10 2.362E-10
-6.117E-10 -9.614E-10 -1.420E-09
5 ¥.660E-10 6.9MIE-10 5.07ME-10 3.475E-10 2.224E-10
~5.070E-10 -5.903€-10 -8.668E-10
z 3 4 5
12 13 e
4.637E-10 3.961B-10 3.076£-10 2.199E-10 1.444E
-31.076E~10 ~3.981E-10 -4.637E-10
2 5.802e-10 4.689E-10 2
-3.425E-1D 202¢- M
3 7.606E-10 5.532E-10
+3.762E-10 -5.5326-10 -1.606E-10
4 5.BD2E-10 4.669E-10
-3.425E~10 -4.689E-10 -5.0028-10
5 4.537E-10 2.981E-10 1.076E-10 Z.198E-18 1
-3.076E-10 -3.981E~10 -4.5637E-10
2 3 4 5
13 1
0.000 D.000 0.000 v.000
0.000 0.000
a.000 0.¢00 0.008 0.000
@.000 0.000
0.000 o.0eo 0.000 0.900
0.000 0.060
0.000 0.000 o.o00 0.000
5.000 0.o00
0.046 o.oce £.000 0.000
0.o00 b.000 0.oco
MAXIMUM STEPSIZE DURING WHICH ANY PARTICLE CAMNCT MOVE MORE THRN ONE CELL
= 0.}505E+D6 (WHEN MIN, R.F.=1) AT k= 5, I= 3, J= 13

MAX IMUN STEPSIZE WHICH MEETS STABILITY CRITERION OF THE DISPERIION TERM
13

= D.1616E+00 (WHEN MIN. R.F.=1)

AT k= 11, I=

J=

DISP. COEFF. DXX IN LAYER 1 FOR TIME STEP

3.7628-10 2.400E-10 1.554E-10 8.527E-11 2.716E-11 -2.7168-11
3.425E-10 2.352E-10 1.507E-10 $.359B-11 2.67SE-11 -2.6758-11
4E-10 $.122-11 2.615C-11 -2.6156-11

9.000
o.bo0
0.000
o.o000

©.oob

~4.113E-31 -6.845E-11

1 10

-§.334E-11 -1.608E-10
-5.4186-11 -1.626E-10
~§.334E-11 -1.604E-10

-9.204E-11 -1.579&-10

’ 10

-1.201E-10 -2.362E-10

-1.3162-10 -2_477E-10
-1.Z81E-10 -2.362E-10

-1.234E-10 -2.224E-10

9 10

«B.359E-11 -1.507E-18

-9.5276-11 -1.554E-10
-9.359€-11 -1.507€-10

-9,1222-11 -1.444E-10

0.000 g.000
0.000 o.coo
PRLI 0.08¢
a,000 0.000

STRESS PERICD 1

-9.427€-11

11

~2.334E-10
-2.360E-10
-2-334E-10

-2.280E-10

11

J3lasE"
-3.9606-10
4241810
-3.8808-10

-3.4756-10

-2.352E~10
-2 .480E-10
-2.352E-10

-2.198E-10

11

0.000
o.ooa

2 TOR TIME STEP

31 FOR TIME STEP 1,

STRESS PERIOD 1

cecoo

booon

DISP. COEFY. OXX IN LAYER 4 FOR TIME STEE

1, STRESS PERIOD 1

6 FOR TIME STEP

1. STRESS PERIOD 1

COEFF. DX IN LAYER 7 POR TIME STGF 1, STRESS PERIOD 1




J-11

OUTPUT-Hl1.ek

e n

DISP. COEFF. DX IN LAYER 4 FOR TIME STEP 1, STRESS PERICO 1

14

e n

DISP. COEFF. DXX IM LAYER ¢ FOR TINE STEP 1, STRESI PERIOD 1

™ wn

DISP. CORFP, DXX IN LAYER 10 FOR TIME STEE 1. STRESS PERIGD 1

14

1

1

10

a . ]
¢ . o
o - 0
o Q
o - [

L

a
0
a
il
)

DISP. COEFF. DXX IN LAYER 11 FOR TIME STEP 1, STRESS PERIOD 1

DISE. COEFF. DoGC IN LAYER 1Z FOR TIME STEP 1, ITRESS PERICD 1

R

1, sTREZY PERICD 1

DIsP. COEFF. DXY IN LAYER 1 FOR TIME 3TEP

14

13

Houmen

DIap. COErr. DXY IN LAYER 2 FOR TIME STEP 1, STREAS PERIOD 3

a3
9
0
[}
0

LT

DISP. COEFr. DXY IN LAYER 3 POR TIME STEP 1, STRESS PERICD 1

0
9
2
a
]

AnmTn

DXY IN GAYER 4 FOR TIME STEP 1, STRESS PERIOD 2

COEFF .

DISP.

DISP. COCFY. DXY IN LAYER 5 FOR TIME STEP 1, STRESS PERICO 1

- o
-

1, STRE33 PERIGD 1L

DISP. COBFF. XY IN LAYER f FOR TiME STLP

14

1 12

10

B L]

L)
L)
D
0
L]

DISP. COEFT. DXY IN LAYER 7 FOR TIME STER 1, STRESS PERIOD 1

14

13

12

11

pi]

01SP. COEFF, DXY IN LAYER 8 FOR TIME ITEP 1, 3TRESS PERIOO 1




J-12

OUTPUT-H1.ek

14

11

et

1, STRESS FERIOD 1

DXY IN LAYER 9 FOR TIME STEP

DISF. COEFF,

14

EL LA

1

1, STRESS PERIOO

DISF. COEYT. DXY IN LAYER 10 FOR TIME STEP

1

MM wn

[
e
a
1]
[

1, ITRESS PERIOD 1

DIRP. COEFF. DXY IN LAYER 1l FOR TING STEF

L LR

DISE. COEFF. DXY IN LAYER 12 FOR TIME STEF 1, 3TREIS PERIOD 1

Arnmen

1 FOR TIME 3TE? 1, STRESS FERICO )

DISP. COGFF. DXZ IN LAYER

10 11 13 14

B XY

ETRESS PERIOD 1

1,

DISP. COEFF. PXZ IN LAYER 2 FOR TIME STRE

R

DISP. COEEF. DXZ IN LAYER J FOR TIME STERP 1, STRESS PERIOU 1

4 FOR TIME STEP 1, STRESS PERIOD 1

DISP. COEFF. DXZ IN LAYER

1

DIsP. COEFF. DXZ IN LAYER 5 FOR TIME STEP 1, SITRESS FERIOD

13

11 12
0.
0.
0.
c.
c.

10

Nmen

STRESY PERICD 1

DISE. COEFF. bxZ IN LAYER 6 FOR TIME STEP 1,

1, STREs$ PERIOD 1

DXZ IN LAYER ? FOR TIME 3ITEP

COETT.

DISE.

11 12 13 14

10

STRESS PERIOD 1

1,

DIAR, COEFF. DXZ IN LAYER § FOR TIMG STEP

DISP. COEFF. DXZ IN LAYER 9 FOR TIME STER 1, STRESS FERIOD 1



hE]
14
14

13

11

J-13

OUTPUT-H1 ¢k

STRESY PERIOD 1

18

1, STRESS PERIOD 1

1, ITRESS PERIOD 1

1r

DIZP. COEFF. DYY IN LAYER 5 FOR TIME $TEP 1, STRESS PERICD 1

DISP. COEPF. DXI IN LAYER 1l FOR TIME §TEP |, STRESS PERIGD 1
DISP. COEFF. DXZ IN LAYER 12 FOR TINE STEF 1, STRESS PERICD 1
DISP. COEFT. DYY IN LAYER 1 FOR TIME STEP 1, STRESS PERIOD )
DISP. COEFF. DYY IN LAYER 4 FOR TIME STEP 1, STREZS FERIGD 1

DIAP. COEFE. DXZ IN LAYER 10 FOR TIME STEP
DISP. COEFF. DYY IN LAYER 2 FOR TDME STEP
DI9P. COEFF. DYY IN LAYER 3 FOR TIME ITEP

EL LA ]

STRESS PERIOD 1

STRESS PERICD 1

1,
1,

7 YOR TIME STER
9 FOR TIME 3TEP

DYY IN LAYER

©cOLrE.

pISP. CCEFF. DYY IN LAYER 8 FOR TIME STEP 1, STRESS FERIOD 1

DISE. COEET. DYY IN LAYER 6 FOR TIME STEP 1, STRESS PERIOD 1

DISE. COEFF, DYY IN LAYER

DISP.

]

~
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OUTPUT-HI.ek

1

OISP. COEFF. DYY IN LAYER 1D FOR TIME STER 1, STRESS PERIOD

e n

1, STRESS FERICC 1

DISP. COEFF, DYY IN LAYER 11 FOR TIME STEP

"M wn

DISP. COEFT. DYY IN LAYER 12 FOR TIME STEP 1, STRESS PERICD 1

DISP. CORFF. DYX IN LAYER 1 FOR TIME STEF

1, STRENS PERICD 1

14

11

10

0.8
0
0
0
0

9.0

[
2
[}
o
a

ANm D

STRES3 PERIOD 1

1,

oYX IN LAYER 2 FOR TIME STER

COEFF,

DISE.

ELLE X

1, STRESS PERIOD 1

DISP. COEFF. DYX IN LAYER 1 FOR TIME STEP

s
=3

ot

DISP. COErT. DYX IN LAYER 4 FOR TIME STEP 1, 3ITRETS PERIOD 1

LR

DIJR. COEFF. DYX IN LAYER 5 FOR TIME STEF 1, STRESS PERIOD 1

0
o
[
0
1]

BT

STRESS PERIOD 1

1,

DI2P. COEFF. DYX IN LAYER 6 FOR TIME 3ITEP

B

DISF. COEFF. DYX IN LAYER 7 FOR TIME STEP 1, STRESS PERIOD 1

14

1

1t

1. 3TRE3N PERICD 1

DISP. COEFF. DYX IN LAYER 8 FOR TIME STEP

“rarwn

STRESS PERIOD 1

1.

bYX IN LAYER % FOR TIME STER

DISP. COErf.

pL

13

12

11

10

“NmTn

STRESS PERIOD 1

DISP. COEFF. DYX IN LAYER 10 ¥OR TIME STER 1,

ELEE Y



J-15

OUTPUT-H1.¢k

DI3¢. COEFF. DYX IN LAYER 11 FOR TINE ITER 1, 8TRESY PERTOD 1
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OUTPUT-Hl1 ¢k

0.0 0.t 0.0 .o 0.0 (%] 0.0 0.9 2.9 0.0 4.0 2.0 0.0

1, BTRESS PERIOD 1

DISF. COEEF, DYZ IN LAYER 12 FOR TIME STEP

L FOR TIME STEP 1, STRESS PERIOD 1

DISP. COEFF. DZZ IN LAYER

14

13

11

10

DISP. COEFF. DZ3 IN LAYER 2 FOR TiME STEE 1, STRESS PERIOD 1}

STRESS PERICD 1

1,

DZZ IM LAYER 3 FOR TIME STEP

COEFF.

DIse.

DISP. COEEF. DZZ IN LAYER 5 FOR TIME ITEP 1, §TRESS PERIOD 1

DISP. COBFY. D27 TN LATER 4 FOR TIME STEP I, STRESS PERICO 1

14

N

STRESS PERICD 1

1.

DZZ IN LAYER 6 FOR TIME STEE

DISP. GOEFF.

DISP. COEFF. DZZ IN LAYER 7 FOR TIME STEP 1, STRESS PERIOD 1)

n 13

pUJ

1, STRESS PERIOD 1

DZT IN LAYER B FOR TIME STER

COErT.

DISE.

X 2

DISP. COEFF. DZZ IN LAVER 9 FOR TINE STEP 1, STRES3 PERICD 1

1, STRESS PERIOD 1

DZZ IN LAYER 10 FOR TIME STLP

DISP. COEFE.

14

13

12

11

10

8

STRESS PERIOD 1

i,

DisP. COEFF. DZZ IN LAYER 11 FOR TTME STEP

14

13

-
A

DISP. COEFF. DZZ IN LAYER 12 FoR TIME STEP 1, NTRESY PERICD 1

-
A




1
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OUTPUT-Hl.ek

STRESS FERICD

1,

DISP. COEFT. DZX IN IAYER 1 FoR TIME 3TEP
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OUTPUT-H1.¢k

coa
caa

ceae
oS

soo
coo

noo
coe

coo
coa

ooe
aca

coo
sac

sao
coo

cao
cao

ocao
saa

aoo
aco

ssa
w0o

aoo
coa

STRESS PERICD 1

DISP. COBFF. DZY IN LAYER Z FOR TIME STEP 1,

Aamen

DISP. COEFY. DTY IN LAYER 3 FOR TDm BTEPF 1, STRESS PERICD 1

“rmen

0
E]
[
o
@

DISE. COEFY. DZY IN LAYER 4 FOR TIME STEP 1, #TRENS PERIOD 1

AnmTe

DISP. COEFF. DZY IN LAYER 5 FOR TIME STEP i, STRESI FERIOD 1

Hemwa

1, STRESS PERIOD 1

DZY IN LAYER & FOR TINE STEP

DISP. COEFF.

L Y

PISP. COLFF. DZY IN LAYER 7 FOR TIME 3TEP 1. JTRESS PERIos 1

018P. COEFF. DZY IN LAYER 0 FOR PIME STEP 1, STRESS PERIOD 1

eamn LR L]

DISP. COEET. DZY IN LAYER 9 FfOR TIME STEF 1, STRESS PERIOD 1

13

iz

1L

10

0
Q
a
L]
U}

0w

4TRESS PERIOD 1

1,

DISE. COEFY. DZY IN LAYER 10 FOR TIME 3TEF

Hesmwa

pZY IN LAYER 11 FOR TIME STEP

1

STREST PERIOD

1.

COEFF .

DIsP.

ETSE X

DISP. COEFF. DZY IN LAYER 12 FOR TIME STER 1, 3TRESS PERICD 1

12 11

1L

10

EESL L 2

1476

TRANSPORT STEP NO,

sec

4485600,

TOTAL ELAPSED TIME SINCE BEGINNING OF SIMULATION =

IN LAYER 1 AT END OF TRANSEORT STEP 7476, TIME STEP 1, STRESS PERIOD 1

CONCENTRATIONS




1%.1

4.1

9.3

CONCEMTRATIONS

5.3

2.6

1.0

6.3

J-19

OUTPUT-Hl.ek

0.1

0.0

0.0

I¥ LAYER 2 AT END OF TRANSPORT STEP 1476, TIME STEP 1, STRESS PERIOD 1

CUMMULATIVE MASS BUDGETS AT END OF TRANSPORT STEP 7476, TIME STEP

1, 3TRESS PERICD

Ehd of Model OQuiput

our
CONSTANT CONCENTRATION! 107.5207 -6.670928
CONSTANT HEAD: 0.0000000 0.0000000
MAS3 STORAGE (SOLUTE): ©.000R0ED -100.8339
{ToTAL) : 107.5207 HOL -107.5126 noL
NET (IN - ouT):  0.9010864E-02
DISCREPANCY (PERCENT): 0.7450813E6-02

COMCENTRATIONS  IN LAYER 3 AT END OF TRANIPORT STEP 7476, TINE STCE 1, STRESY PERIOD 1
1 z 3 a 5
1 Tl
2 190.6 166.1  146.1
3 1963 1938 lee.8 1794 1633
4 den.s 1865 178.9 16611  1AA.L
5 112.7 1661  134.0 1358  1LL.6
CONGENTRATIONS  IN LAYER 4 AT EVD OF TRANSPORT STEP 7476, TIMG STEP 1, STRES3 PERIOD 1
1 4 s 3 : ] s

i isel Thera 1ta sl iad E % . -
2 19909 19707 1932 sz, 162.  132.2 5.0 6LS
3 70000 195.4  197.8 11,5 177.8 152.1 1166 19.5
o 19 157,17 103 162.6 162.8  132.2  95.0 6L
5 198.1 1871 17500 1552 1214 942 823 366

COMCENTRATIONS  IN LAYER 5 AT BXD O TRAMIPORT 3TEP 7476, TIMG ITEP 1, STRESS PERIGO 1
L 2 3 4 s s

T iers 18903 sl isrne Tisdls ieil0 193 18107 122, el eivs 316 zoln 8.0
2  zoo.c 200.0 =ze0.9 199.9 1995 197.7 192.5 1801 1811 1260 817 6.0 4.4 159
3 20000 200.0 =Zoo.0 200.0 19908 199.3 1969 185,z 1718 1445 LD T 46 0.0
4 za0p zoo.p  zpe.0  199.5  1§S.5  197.7 lv2.5  1mn.1 15T 1260 917 600 344 15.9
s 1998 199.7 199.3 197.9 1s4.5 1a7.0  173.4 1517 122,17 9L.0  BLS 376 20.0 9.0

CONCENTRATIONS  IM LAYER 6 AT £ND OF TRANSPORT STER 1476, TINE STEP 1, STRESY PERIon 1
1 2 3 [ 5 € 1 ] ’ 10 1 12
T T TR I T T I A T T I BT T 161087 71660 1463 .
2 Zoo.0 2000 200L0 1993 199.7 196.0 1094 176.9 13106 2.8
3 2p0.0  200.0 2000 Z00.0  199.% 198.6 1953 18705 1521 12528
4 zong  zob.0  zOD.D  188.9  199.7 196.0 1894 176.9 1316 102.4
5 18ss 19817 1se.z  190.3  195.9 1035 1668 1483 9501 6e3
CONCENTRATIONS IN LAYER 7 AT END OF TRANSDORT STEP 7476, TINE ITEF 1, 3ITRESS PERICD 1
1 2 2 4 s 6 1 [ ’ 10 1n
1 sene T19ele 19902 e el X s 3.3
7 zoolu 7000 200.0  165.8 133.7 189.0 186.7 1921 167,01 1618 12112 818 56.2
3 Zoglo oo Zoo.n 00,0 ZDU.0 1998  199.% 19103 1615 166.3 148 1162 0.0
3 2000 Zoolo 200,80 1999 1097  1s9.0 196,71 102.1 167.1 6.6 1217 s18  58.2
5 1998 199.6 199.z 1se.1 335.8 19l.1  182.9 15708 138 1085 4.5 0.2 343
CONCENTRATIONS IN LAYER B AT END OF TRAMSPORT STEP 7476, TIME &TER 1, 3TREYY PERIOD 1
1 2 3 [ s & 7 8 ’ 1w 1 12 13 14

T ieens Tieels 10901 Tisela’ issli o 5 : A e als T
2 700.0 200.0 2000 199.% 199.1 2.6 1483 12331 sS40 60.0
3 oolm  Zob.o  ZD0.D  200.0 200.0 189.M 19601 191.7 1824 161.8 6% 118,35 0.0
W zonlo zo0.o zoo.e  199.5 199.7  199.D 1918 182.6 164.z 148.3 123.2 94,0 60.D
s 1999 100.6 1s5.1 196.0 1957 1911 170.4 153.4 13200 109,83 661 6l  15.6

CONCENTRATIONS IN LAVER 9 AT END OF TRANSPORT STEF 7476, TDME STEP 1. JTRESS PERIOD 1
1 z 3 . 5 & 1 8 ’ 10 1 b 12 14

T iesla T ishld Tiselz isale’ issle’ 19008 1e2.D . . ERRPTI N
2 zob.6 20000 2000 19908 1957 198.8 1963 1900 111 6.1 48R
1 200.0 zoo.e  z80.0 Zo0.n 2000 199.7  198.% 15904 1347 1045 0.0
4 2000 zon.o 200.0 1995 1997  190.0  196.1 1190 111 e0.1  as.E
5 lss.e 199,71 19slz Ise.z 1958 150.8 182.0 166.3 144 126,34 1013 760 si5 275

CONCENTRATIONS  IN LAYER 10 AT END OF TRANSEORT STEP 7476, TING STEE 1, STRESI PERIOD L
1 2 3 1 5 s i [ s 10 1

T ie90e T Tisel . TP U At R TT I B YW
2 zoo.o  200.0 193.9 184,37 165.1 14D.8  108.5
3 200.0 2000 260.0 200.0 199.5 1994 197.6 192.2 180.0 1%9.2 130.4
: 20000 2000 200.0 199.5 199.5 1980 1v3.9 184.3 166.7 140.9  109.5
s 1esl 195.7 19501 19T.6  194.4 6 1m.e 151.3 1324 100,71 148

CONCENTRATIONS IN LAYER 11 AT END OF TRANSPORT $TEF 7476, TIME STEP 1. 3TRESS PERIOD 1
1 z 3 . s 5 ’ s ’

T iees T Uisane iesie  ibensTivale asae i2eor anzls’ T aaleTse
2 19s.p 1995 196.8 19s.8 19z.1 182.9 167.1 1435 1142 3.1 544
3 20000 zoo.o 1%e.8 198.2 197.4 1s2.5  102.3 1641 1397 1061 738
+ 199.9 199.5 196.8 196.8 192.1 182.3 167.1 1435 1.2 631 544
5 1e6.2 1940 10.% 1925 170.6 1530 1297 1025 4.8 50.0 303

CONCENTRATIONS  IN LAYER 12 AT END OF TRANSPORT STEF 1476, TIMK afEP 1, STREZS PERIOD 1
1 ]

1 aals sz izzle’ Ciedls " BETIC T 63 2l T T T
2 1143 16107 1579 15 121.3 83.6 1.0 4L.4 258 143 68 2.3 0.5
3 1se.5 183.6 176.0 185.2 150.3 13l.1 107.8 62.8 sSe.4 151 230 1.6 46 | 1)
1 1743 1671 151.9 1445 127.3 106.7 €36 6L.0 L4 25 143 68 2.5 ' 0.5
5 14309 1.z 1iz2.s 107,37 Es.d  e9.5  50.7 34l zl.4 123 63 2.8 €8 0.2
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®T3D
A Modulac Three-Dimensional Transpoct Model
For Simulation of Advection, Disparsion and Chemical Reactichs
of Conteminants if Groundwater Systems
v, 1.1

PRI
R R

1 MT | 3D field PROALEM - EK TEIT
| 3D ] 3d field probles

THE TRANSFORT NODEL CONSISTS Of 12 LAYER(S) 5 Row(s) 14 COLWER(S)
NUMBER OF STRESS PERIOD (S} IN SINULATION = 1
UNIT FOR TIME I8 sec; UNIT FOR LENGTH I3 M
MAJOR TRANSPORT COMPONENTS TC BE SIMULATED:

UNIT FOR MA3S 13 MOL

1 ADVECTION
2 DISFERSION

BTHL -- BA3IC TRANSPORT PACKAGE, VER 1.0, AUGUST 1990, INPUT READ FROM UNIT 1
10118 ELEMENTS OF THE X ARRAY USED BY THE BTN FACKAGE
£52 ELEMENTS OF THE IX ARRAY USED BY THE BTN PACKAGE

ADVL —- ADVECTION BACKAGE, VER 1.0, AUGUST 1990, INEUT READ FROM UNIT 2
ADVECTION 13 SOLVED WITH THE UPITREAM FINITEC DIFFERENCE SCHEME
COURANT WUMBER ALLOMED IM SOLVING THE ADVECTION TERM = 0.250
MAXTMUM NUMBER OF MOVING PARTICLES ALLOWED = 5100
0 ELEMENTS Of THME X ARRAY USED BY THE ADV PACKAGE
0 ELEMENTS OF THE TX ARRAY USED BY THE ADV PACKAGE

DaP) -~ DISPERSION PACKAGE, VER 1.0, AUGUST 1990, INPUT READ FROM UNIT 3
08436 ELEMENTS OF THE X ARRAY USED BY THE D3¢ PACKAGE
0 ELEMENTI OFf THE IX ARRAY USED BY THE D3P PACKAGE

16585 ELEMENTS OF THE X ARRAY UBED OUT oF 300000
851 ELEMENTS OF THE IX ARRAY USED OUT of 70000

LAYER NUMEER AQUIFER TYPE

1 ]
2 o
3 a
q [
s o
[ [
T [
8 o
s o
10 a
11 a
1z 9
WIDTH ALONG ROWS (DELR} = 0.1524000
WIDTH ALOWG COLY (DELC) = 0.1829000
To# ELEV, OF 13T LAYER = 0.0000009
CELL THICKNE3S [0Z) = ©.3048000 FOR LAYER 1
CELL THICKXME3S (DZ) = £.3048000 FOR LAYER 2
CELL THICKMESS (PT) = 0.3049000 FOR LAYER 3
CELL THICKNES: (DZ) = 0.3048000 FOR LAYER 4
CELL THICKMESS (DZ) ~ 0.3048000 FOR LAYER §
CELL THICKMES3 (DZ) = 0.3048000 FOR LAYER 6
CELL THICKNESS (DZ) = 06.3048000 TOR LAYER 1
CELL THICKNESS (DZ) = 0.3048000 FOR LAYER @
CELL THICKMESS (D%) = 0.3048000 FOR LAYER 9
CELL THICKNESS (DZ} = 0.3048000 POR IAYER 10
CELL THICKNESS (DZ] = 0.3048000 FOR LAYER 11
CELL TMICKNEES (DZ} = {.3048000 FOR LAYER 12
EFFECTIVE PORCSITY = ©.126000¢ TOR LAYER 1
EFFECTIVE POROSITY = 0.1260000 FOR LAYER 2
EFFECTIVE BORCSITY = 0,1260000 FOR LAYER 2
BOROS ITY « 0.1260000 FOR LAYER 4
EFFECTIVE POROAIITY = 0.1260000 FOR LAYER 5
EXfECTIVE POROSITY - 0.1260000 FOR LAYER &
EFTECTIVE POROSITY = 0.1260000 FOR LAYER 7
EFFECTIVE POROATTY = 0.1260000 FOR LAYER @
EFFECTIVE POROSITY = 0.1260000 FOR LAYER 9
EEFECTIVE POROSIIY = 0.1260000 FOR LAYER 10
ETTECTIVE POROSITY = 0.1260000 FOR LAVER 11
EFFECTIVE PORORITY = 0.1260000 FOR LAYER 12

CONCN. BOUNDARY ARRRY FOR LAYER 1 READ ON UNIT 1 USING BLOCK FORMAT

o

e
s

CONCN., BOUNDARY ARRAY POR LAYER 2 READ ON UNIT 1 USING BLOCK FORMAT

CONCH. BOUNDARY ARRAY FOR LAYER 3 READ ON UNIT 1 USING BLOCK FORMAT

1 2 3 4 5 6 17 L] 9 16 11 12 13 14

1
1
1
1
1

e
b

COMCN. BOUNDARY ARRAY FOR LAYER 4 READ ON UNIT 1 USING BLCCK FORMAT

1 2 3 4 5 & LA | 9 10 11 12 11 14

P
103
33
1 1

CONCN. BOUNDARY ARKAY ~ FOR LAYER 5 READ ON UNIT 1 USING BLOCK FORMAT

1 11 1 1
2 11 L1 1 32 L1
3 11 1 1 11 1 -1
1 1 1 11 1 1 i1
5 1 1 1 1 1 1 1 1

CONCN. BOUNDARY ARRAY FoR LAYER 6 READ ON UNIT 1 USING BLOCK FORMAT
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P 2 3 4 5 6 7 L] % 10 11 12 13 14

TTTY
2 T4 P
3 T 3 11
4 1 1 11
5 b} 1 101
CONCN. BOUNDARY ARRAY FOR [AYER 7 READ OM UNIT 1 USING BLOCK FORMAT
1 2 3 a4 5 6 1 8 8 10 11 12

s
[FroyRp
TS
[T

1
1
b3
1

BOUNDARY ARRAY  FOR LAYER B READ ON URIT 1 USING BLOCK FORMAT

10 11 2 13 14

1
1
1
1

BOUNDARY ARRAY FOR LAYER ¢ READ ON UNIT 1 USING BLOCK FORMAT

12z 1z 13 14

2 101 111

1 1 1 1 1 -1

e 1 1 1101

5 i1 1 1 1
FPOR LAYER 1 READ ON UNIT 1 USING BLOCK FORMAT

12z 3 4 7 L] 9 10 11 12 13 14

1
1
1
1

CONCN .. POR LAYER 11 READ ON UNIT ! USING BLOCK FORMAT

10z 3 4 5 6 7 & 9 101 12 13 1
N ; RIS
2 11 1 1 1 11 11 11 1
30111 1 1111111 1
4 1111 11 11111 1
5 1 L 1 1 1 1 1 %t 1 11 1
INITIAL CONCENTRATION  FOR LAYER 1 READ ON UNIT 1 UDING FORMAT: ° (14F8.1) -
1 2 3 4 s 3 1 [l s 10 n
12320 s lie 2 i el alee euee

2. -

$.20 2.20 n.80 0.30 o.10 ©.00
7.7M 3.90 1.36 0.40 0.1e 0.00
5.20 2.20 0.00 0.30 0.10 o.00 0.00 .00 0.00
2.60 1.00 0.10 0.10 g.08 0.00 4.00 g.c0 n.oa

1 -

2 316.10  30.50 16.30
3 46,30 3%.70  31.20 22.30
4
5

316.10 30.50  23.50 16.30
21.20 19.10 14.10 9.30

INTTIAL CONCENTRATION FOR LAYER 7 READ ON UNIT 1 USING FORMAT: ™ (14FB.3)

1 2 3 4 -] & ki B ¥ 10 11 12 12 14

o 30 7 seiseaenieAEer i ales” 1ls0” eleo’Toizo” oloe” oloo’olop
127036 116,80 101.50 62.10 60.40  39.10 21,30  9.80  4.00 1.40 0,40 0.0  0.00  ©.00

1
2
3 144,90 134.70 119.60 99.80 76.50 52.00 3D.00 14.60 .30 2.30 0.7 6.20 0.00 0.00
4
5

127.30 116.80 101.50 82.10 60.40 )9.10 21.3¢ 9.80 4.0 1.40 2.40 c.10 0.00 D.0p
$7.80  B7.30 72.60 55.50 38,10 22.8D 11.4¢ a.80 1.80 0.60 n.20 g.00 0.00 0.00

INITIAL CONCENTRATION FOR LAYER 3 READ ON UNIT 1 USING TORMAT: ° {14r8.1) "

1 2 1 4 5 L] 1 8 9 10 11 12 13 14

173.70" 186! 135, . 30 sase aaces issanTTEAe T Tdee T oleo elzaToled "
190,60 166.50 96 166.10 146.10 118.40 95.1¢ 53.10 29.00 13.80 560 1.0 0.50  0.10

i 186

2

1 196.30 193.90 16E.B0 179.40 163.30 138.60 105.50 70.10 40.70  20.60 8.90 3.20 ©.90 a.10
q

5

190,60 186,50 176.90 166.10 146.10 1]8.40 @5.10 53.10 29.00 13.80 5.60 1.90 .50 a.10
173.70 166.30 154,00 115.80 111.60 983.30 54.50 30.80 15.40 .70 2.50 .00 .20 0.DD

INITIAL CONCENTRATION FOR LAYER 4 READ ON UNIT 1 USING FORMAT: © (14r0.1) -

1 z 3 4 L] 6 ?

i 87, . - '54.20 62.30 Jﬁ,éa
2 199,90 199.80 199.30 197.70 193.20 182.60 132.20 #5.080 6l.50 3
3 200.00 200.00 1$9.50 199.4C 197.50 191.50 152,10 © 116.50  79.50  47.80
4
5

10 196.70 193.60

199.90 199.@0 1$9.30 191.7C 191.20 182.60 132.20 9580 61.50 34.80
198,10 196.70 193.40 1687.10 175.00 155.20 127.40 94,20 62.30 36.60 19.00 8.50 3.10 n.70

INTTIAL CONCENTRATION FOR LAYER 5 READ ON UNIT 1 USING FORMAT: * {1arg.1) -

1 2 3 a 5 6 1 8 » 10 1 12 13
17199090 199070 . : R a0 151070 j2ase silen” eilsn’ 37ieo z0ine
2 200.00 200.00 200.00 19990 199,50 197.70 192.50 180.16 157.30 126.00 S1.70 60.00 14.40
3 200000 200.00 200.00 200.00 199,90 295,30 196.90 189.20 171.30 14e.50 111,00 77.10  47.60
a
s

199,

Z00.00 200.00 200.00 199.90 199.50 197.70 1%2.50 180,10 157.30 126,00 91.70 60.00 14.40
199.90 199.70 199.30 197,90 194,50 1687.00 173.40 15L.70 122.70 9L.00 61.50 37.6C 20.00 8.00

INITIAL CONCENTRATION FOR LAYER & READ ON UNIT 1 UING FORMAT: " {14r8.1} "

1 2 3 1 3 6 ? 8 ' 9 10 1 12 13 14

1%

17 1se 90 198170 Tisel N . 1367 166,80 146,30 izi.e0  95.30  69.30  AS.é0  23.60
2 200,00 200,00 200.00 195.90 199.70 199.60 156.00 109.40 176.90 157.30 1160 102.40 72.50 42.80
3 Zg0.g0 200,06 260.00 200.00 196.90 199.TC 198.60 195,30 187.50 173.20 152.10 125.50 95.40  0.00
4
5

200.00 200.00 200.00 19990 199.70 198,80 195.00 189.40 176,90 157.30 131.60 102.40 72.50 42.80
199.90 199.70 199.20 198.30 195.90 190.80 1H1.50 166.h0 145.30 121.60 5.0 69.30 as.60 21.80

INITIAL CONCENTRATION FOR LAYER 7 READ ON UNIT 1 USING FORMAT: * {14F0.1) "
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1 2 3 [ 5 5 1 ] [ 10 1 12 12 1
1 ieeten 1ssie 19e 30 iah.1n 158 8a Tis1o10 182.90 170.20 152180 13L.60 108.30 @450 6D :
3 20000 200.00 200.00 199.9 199.70 199.00 196.7¢ 191.60 142.10 187.10 146.60 121.20 81,80 S8.20
2 200700 200.00 2a0.00 200.00 200,00 19480 199.00 196.60 191.30 10180 166.30 144.8C 116,20  0.00
+ 300°00 200.00 200,00 199.90 199.70 195,08 196.70 191.60 162,10 167.10 1l46.60 121.2¢ 91.80 58.20
s 309780 199.60 159.20 19e.10 195.60 131.10 162.90 170,20 1s2.80 131.80 108.50 84.50 60.20 2a.30
INITIAL CONCENTRATION  FOR LAYER B READ ON UNIT 1 USING FORMAT: " (14Fd.1) .
) 2 H ] s 3 1 " » 1 u 1z
Tt iealas Tiss e Tibeiio iseloo 195030 181030 'isz.ee 170.a0 1si.4p  132.70°i0s.s0  me.1 K e
2° 200000 200.00 200,00 195.50 199,70 199.00 191,60 182,60 164.20 148.30 123.30 94.00 60.00
3 200,00 206.00 200.00 200.00 200.00 199.60 196.70 191,70 162.40 167.90 146.80 116,50  0.00
1 200,00 206.00 200.0 199.90 199.70 199.00 191,00 182.60 168.20 148.30 121.30 94,00  60.00
S 199,80 199.60 199.10 198.00 195.70 191.10 170,40 153,40 137.76 10890 8610 6180 35.60
INTTIAL CONCENTRATION  #ok LAYER § READ ON UMIT 1 USING FORGT: *  (14FD.1) -
1 2 3 ‘ s 6 1 . ’ 10 1 12 13 1
T UTiasten T 1e9 i iee s ieece ieslaaiebed Tisdies Tiei.30 iasled ize.a0 Tai.da 7680 adldo zilse
2 200.00 200,00 200.00 139.90 199,70 196.90 196.30 19050 179.50 162,30 135.00 111,10 80.70  46.80
% 200000 200.00 20000 200.00 200.0C 199.70 198.90 195.90 189.30 117,60 159.40 134.70 104.50 0.0
T Zo0ob 200.00 ZOD.0D 199.90 199.7¢ 198.80 196,30 190.50 179.50 162.30 139.00 111.1¢ @0.70 de.ap
s 399.90 199.70 199.20 198,70 195.6 100.80 162.00 169.30 149,40 126.40 101.30 26.00 51.50 27.50
INITIAL CONCENTRATION FOR LAYER 10 READ OM UNIT 1 USING TORMAT: * (l1are.1} M
1 2 3 5 ] 7 " ] 10 1n 12 13 1
U1 19s s 199070 196010 3 ieaien 189 en 1vee0 187040 13zoa0 10370 saoso  alia za.d0 32,00
z 200.00 200.00 200.00 199050 19.00 193.50 104.30 166.70 140.90 10S.50 76,60 41.10 2z.90
3 200,00 200l00 200.00 195,30 199.40 197.60 152.20 100.00 159.20 130.40 9700 63.50  0.00
4 2p0.00 200.0¢ 2OD.0O 199,50 196,00 193.50 184.10 16670 140.90 109.50 74.80 47,10 22.90
5 199,80 199.710 199.10 194,40 107,60 115.80 157.30 132.40 103,70 74.90 4910 26,10 12.00
INITIAL CORCENTRATION  FOR LAVER 11 READ ON UNIT 1 USING FORAT: " (14TB.1) -
1 2 3 . 5 6 1 ] » 10 i 12 13 1
TUIeae isalee iesisn  iaaise iieles issee iz.ne dazbeTaED sereao.ip ISin e il
2z - 199,80 199.50 195,80 192.10 192.90 167.10 143.50 114.20 83.10 54,40 31.00 14.50  4.60
3 200.00 200.00 133°20 1s1.40 192.50 182.30 164.10 137.70 106.10 73.80 45.10 23.00 8,50
1 199,90 199.50 196.80 196,80 192,10 182.90 167.10 143.50 114.20 93.10 S4.40 3100 1450 4.60
3 196,20 194.00 169.90 182.50 170.60 153.00 129.7¢ 10Z.50 74.80 §0.00 30.20 15,80  6.70  1.80
INTTIAL CONCENTRATION FOR LAYER 12 REAC ON UNIT 1 USING FORMAT: - t14ra.1) -
1 2 2 4 s ‘ 1 [ ’ 10 u
i g0 135.20 Tasi30  Tesisn salae iz el
2 174.30 167.70 157,90 lad.450 127.30 106.70 B3.60 25.80 14.30
3 100050 183.60 176.00 165.20 150.20 13110 107.80 39,10 23.00
4 374)30 167.70 157.90 144.30 127.30 106.10 83,60 25,80 14.30
5 143,50 135.20 122.90 107.30 H9.30  €9.90 50.70 1230 8.30
VALUE INDICATING INAGTIVE CONCENTRATION CELLS = -999.0000
OUTPUT CONTROL OPTLONS
ERINT CELL CONCENTRATION USING FORMAT CODE: 3
PRINT PARTICLE NUMBER IN EACH CLLL USING FORMAT cooE: k]
BRINT RETARDATION FACTOR USING FORMAT CODE: 3
BRINT DISPERSION COEFFICIENT USING FORMAT CODE!. 3
SAVE COWCENTRATION IN UNFORMATTED FILE (NTID.UCH] o8 UNTT 18
MMBER OF TIMES AT WHICH SDMULATION RESULTS ARE SAVED » 1
TOTAL ELAPSED TIMES AT WHICH BIMULATION RESULTS ARE BAVED:
©.302326+07
NUMBER OF QBIERVATION POINTS v
CONCENTRATION AT OBSERVATION POINTY JAVED IN FILE [MTID.O85] ON UNIT 17
LOCATION OF OBSERVATION BQINTS
NORBER LAYER RO COLUMN
1 6 3 f
z 6 1 3
A ONE-LINE SUMMRY OF MASS BALMICE FOR EACH 3TEP SAVED IN FILE (MT20.MAS]) ON UNIT 19
MAXIMUM LENMGTH ALONG THE X (J) AXIS = 2.133600
WAXTMUM LENGTH ALONG THE ¥ (1) AXIS = 0.9145000
MAXIMUM LENGTH ALONG THE I (K} AXIS = 3.657600
ADVECTION BOLUTION OPTIOMS
DISPERSION FARAMETERS
Lows. DISPERSIVITY (AL) = 0,0000000  FOR LAYER 1
LoWc. DISPERSIVITY (AL) = 0.000D0ND  FOR LAYER 2
LONG. DISPERSIVITY (AL) = 0.0000000 TOR LAYER 3
LONG. DISFERSIVITY (AL) = 0.0000000 FOR LAYER 4
Lows. DISPIRSIVITY (AL) = 0.0000000  FOR LAYER &
LoNG. DISPERSIVITY (AL = 0.0000000  FOR LAYER 6
LONG, DISPERSIVITY (AL) = 0.0000000 FOR LAYER 7
LONG. DISPEREIVITY (AL) = 4.9000000 FOR LAYER @
LONG, DISPERSLVITY (AL) = 0.0000000  FOR LAYER 9
LONG, DISPERSIVITY (AL) = 0.0000000  FOR LAYER 10
LoWG. DISPERSIVITY (AL} = 0.0000000  FOR LAYER 11
LOWG. DISPERSIVITY (AL} = 0.0000000  FOR LAYER 12
H. TRANS_/LONG, OISP. = 0.0000D00
V. TRANS./LoWG, DISP. = 0.000D00D
UIFTUSION COEFFICITNT = 0.3650000£-09

STRESZ PERICC No, (001
LENGTH OF CURRENT 3TRE3S PERjO0 =  3013200.
NUMBER OF TIME STEPS FOR CURRENT STRESS PERIOD = 1
TIME STEP MULTIPLIER = 1.0c0000
USER-SPECTFIED TRANSPORT STEPSIZE =  600.0000 sec
MAXIMUM NUMBER OF TRANSEORT STEPJ ALLOWED IN ONE TIME 3TEP = 50000
TINE STE? NO. R0Y

FROM TIME = 0.00000 TO  0.30132E407

"HEAR * rLof TERMS FOR TIME STEP

1, STRESS PERIOD 1 READ UNFORMATTED CN UNIT 10
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R 1
. 5 s 7 [} 9 10 1
................. T E LTy P T T
2.5 29.3 0.1 .9 3.3 2.5
0.5 29.3 30.1 0.9 .8 32.5
26.5 29.3 0.1 0.9 3.8 2.8
.5 29.3 0.1 30.8 s 2.
R 2
3 1 » v 10 1
5.9 TR el e e EE IR N
3308
25’9 0.1 2.0 3.0 n.0 32.1 2.0
3309
2.8 LTS 20.0 0. 310 2.1 3.1
1l .
2509 .1 2.0 0.0 3.0 2.4 33.0
33,8
s 259 2.1 29.0 30.0 .0 32.0 3.0
1ly 345 4
LAYER k)
L 2 3 “ 5 ] 7 ) s 10 1n
1z 13 14
B e TR e e T el el e aar
EiS
25.2 25.1 26.3 212 20.3 29.6 Lo 32.6 4.1
37.3
5.2 25.1 6.3 21.2 2.5 3L 2.8 11
3704
25.2 25.7 26.3 212 29.6 31.0 2.6 341
3
2302 25.7 26.3 2.2 2.3 29.6 1.0 32.6 3a.1
1
LR 4
3 0 s 5 ’ [ ’ 10 1

23.4 25.5
21.8 24.4 25.4 26.7 28.% 30.7 33.1 35.7
23.8 24.4 25.1 26.6 2B.4 30.7 33.2 35.8
23.8 24.4 25.4 26.7 z8.5 30.7 3.1 5.7
23.9 24.5 25.5 26.8 28.8 30.7 3.1 35.6

1
12
20.9
41.0
2 0.8
42.1
3 20.9
43.4
a 20.9
.l
5 20.9
41.0
1 2 3 4 5 L] T 2 9 10 1
12z 13 14
18.7 19.6 18.4 18.1 11.9 18.1 1.2 22.7 212
2.2 46.6 49.6
z 18.7 18.5 18.2 11.8 17.0 15.8 15.1 20.4 26.3 318 31.5
41.3 9.3 54,
3 18.6 18.5 168.1 11.4 15.7 11.7 5.000 16.3 25.1 31.7 37.9
4.6 53.3 68.0
4 1e.7 18.5 18.2 1.8 i7.9 15.9 15.1 0.4 26.3 319 37.5
43.3 9.3 506
S 18.7 18.6 1B.4 18.1 17.9 1.1 19.2 22.7 21.2 2.1 37.2

s 9 10 1n
Tz s 6.8
z 169 1601 16.3 15.8 1.6 13.4 13.0 0.5 20.7 1.0 a1
a3 ass 55.0
3 169 16.6 151 15.2 13.4 9.56 8,000 4.6 23.6 101 37.4
s 5115 68.0 ‘
4« s 16.7 1613 5.8 14.6 13.4 13.0 s 24.7 . 1.1
a3 a6 550
5 169 168 15.4 180 1.7 15.7 1.0 207 25.7 .z 36.8

[ 14 i 11
R TR I
17.7 249.0

]

3 15.8 15.6 15 14.2 12.4 8.06 D.000 14.0 22.8 3.0 36.9
44.1 5.2 68.0

Ll 15.9 15.6 15.2 14.6 13.8 12.5 12.2 17.7 24.0 10.3 26.58
.9 49.2 54.8

5 15.9 15.7 15.4 15.0 14.6 14.7 16.1 19.8 24.9 30.5 36.2
41.7 46.6 49.9

LAYER ¢

1 2 3 L] 5 6 7 [} 9 10 11

1z 13 14
T T e v

q0.8 45.6 48.8

2 15.6 15.4 15.1 14.% 13.6 12.6 1.3 11.6 237 29.7 35.8
4z.0 48.3 54.0

3 15.6 15.4 14.9 14,1 2.5 9.92 o0.000 12.9 22.6 9.5 6.1
43.2 52.% 3.0

4 15.6 15.4 151 14.5 11.6 12.6 12.3 n.s 23.7 2%.7 5.8
2.4 48.3 54.0

5 1%.6 15.% 15.2 14.9 1e.6 147 16.0 19.7 24.6 29.9 35.4
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] s 1 1
Y 16.0 . e e FEIC I TP
W 6.0
2 15.9 15.7 15.4 14,8 13.9 13.4 18.5 24.0 28.3 34.6
5.8 51.8
3 15.9 1%.6 15,0 13.7 10.2 9.000 PN | 2.9 29.1 4.9
50.4 68.0
4 159 15.7 15.4 14.8 13.8 3.2 18.5 24.0 29.3 4.6
ase 5108
5 16.0 15.9 158.7 15.6 15.9 1T.2 20.5 4.8 29.5 342
43.1 46.0
LAYER 11
5 & 7 8 9 16 11
i 169 TR TR TR
8.3
2 1609 1.6 10.2 1.6 23 25.6 25.1 32.7
39.0
k| 16.% 16.9 17.1 173 17.7 s 21.7 25.4 .1 3z.9
3807 .y
. 169 1750 17.2 1.6 10.2 1.8 22.3 5.6 29.1 2.7
39.0 40.9
5 16.9 170 17.3 17.8 10.7 20.3 22.0 25.8 29.2 32.6
03 9.8
LAYER 12
] 1 [ s 10 u
. BT BT R e el s
5.6 36.5
2 11.8 17.8 18.3 19.0 20.1 21.7 21.8 26.3 29.0
3501 3508
3 7.3 17.0 18.2 19.0 20.1 .6 23.1 26.3 29.0
3508 31.0
a 1708 178 w3 19.0 20.1 211 2.0 26.3 29.0 3.8
3503 8.0
[ 1 7.8 1.2 19.1 20.2 21.9 219 26.4 29.0 .5
3506 38
o * FLOW TERMS FOR TIME STEP 1, STRESS PERIOD 1 READ UNFORMATTED ON UNIT 10
LAYER 1
1 2 3 4 5 s ’ ] [ W 1
12 i3 14
T aaasEiilLLI0AEAE T IIsIelie 2 lsesedn  aibRecis 3154360167 3IR6SE10° 41014610 31PADEC10 3 e14E-10 3.02en- 16
2.1876-10 1.1306-10 0.000
2 6.548€-11 1.303E-10 1.9376-10 2.539E-10 3.0B6E-10 3.543E-10 3.8696-10 4.016€-10 1.%43E-10 3.618E-10 3.030E-10
2.193£-10 1.1S4E-10 0.000
a 6.547E~-11 1.3038-10 1.%36L-31D 2.538E-10 1.086C-10 3.5448-10 3_87DE-10 4.018E-10 3.945E~10 3.621E-10 3.034E-10
2.1976.10 1.1586-10 0.000
4 6.548E-11 1.3036-10 1.$37E-10 2.539&-10 1.086E-10 3.543E-10 3_W6PE-10 4.0168-10 3.942E-10 3.61BE-30 3.030E-10
2.193€-10 1.1S4E-10 D.000
5 6.549E-311 1.304E-10 1.937E-10 2.539E-10 3,086E-10 1.S432-10 3.868E-10 4.014E-10 3.94CE-10 3.614E-10 3.024E-10
2.1076-10 1.1506-10 0.000
LAYER 2
1 2 3 ‘ s ] 1 [} » r 1
12 13 1
i elieieil 1760107 2063630 3ITA3E-10 3IAASECI0 4.0726-10 ALSTAEI10 AMSZECID
2.966E-10 1.590E-10 0.000
2 6.792E-11 1.3165€-10 2.060E-10 2.7%9E-10 3_443E-10 4.0725-10 4.584E-10 4.902E-10 4.952E-10 4.677E-30 4.033E-10
3.004E-310 1.620E-20 0.000
3 G.767E-11 1.364E-10 2.0596-10 2.757¢-10 3.4416-10 A.071E-10 A.S87E-10 4.508E-10 €.9625-10 4.692¢-10 4.0566-10
3.03a8-10 1.6476-30 0.000
4 6.731E-1) 165610 2.080E-10 2.755E-10 3.443E-10 4.072E-10 4.584E-10 4.9026-10 4.952E-10 4.677E-10 4.0336-10
3.004€-10 1,.620E-10 0.000
5 6.799E-11 1.366E-10 2.063E-1C 2.762E-10 3,445E-10 4.0126-10 4.579E-10 4,892E-10 4.927£-10 4.654E-10 4.0C1E-10
2.9666-10 1.5908-10 0.000
LAYER 3
1 2 3 4 s 6 " 8 5 10 1
12 3 14
T ese L seee 16 2 ibInli0 .0608000 ALnTaE-10 5.0veRa0 e067ni0" 6lisETlo 7.209E4Mn’ 7IlizEN0
5.003£-10 2.9068-10 0.100
2 &.761E-11 1,307TE-10 Z.1668-10 3.C4DE-1C A4.0I7E-10 5.066E-1C 6.083E-10 6.8B5E-10 7.280E-10 7.2278-10 6.59%E-10
5.2656-10 3.0418-10 0.000
3 6,736E-11 1.381E-10 2Z_156E-10 3.024E-10 3.998E-10 5.057E-10 6.1028-1i¢ 6.902E-10 7.333E-10 7.313E-10 6.750E-10
5.500£-10 3.329E-10 0.G00
4 E.T61E-11 1.387E-10 2.166E-10 3.04D06-106 4.017£-10 S.066E-10 6.0RE-10 6.M6SE-10 7.200B-10 7.227E-10 6.599%-10
5.2556-10 3.0416-10 0.000
5 §.798E-11 1.396£-10 2.1816-10 3.0605-10 4.03€E-10 5.074E-10 6.0578-10 6.817£-10 7.207E-i€ 7.112E-10 &.417E-1D
5.0035-30 2.806E-10 0.000
LAYEZR L]
1 2 3 [ 5 3 1 0 [ 10 1
12 1 1
CelaseEiii 1.IME-10 1.s61B-10 3.0236110  a.462E-10 6 308E-1 L0 5 iiese 09 1l12iElds”
9.4696-10 5.8055-20 0,000
2 5.3016-11 1.130E-10 1.862E-10 2.B92E-10 4.294E-10 6.2066-30 B.SIZE-10 1.0348-08 1.154E-09 1.2168-09 1.212£-08
1.1006-09 7.633£-10 0.000
ki §,.187E-11 1.10iE-10 1.920E-10 2.777E-10 4.115€-10 6.044E-10 9.7068-10 1.0586-0% 1.180E-0% 1.258E-09 1.303E-09
1.361E-09 1.124E-0% 0.000
SII00E-11 1.1706-10 1.6026-10 2.8926-10 4.2945-10 6.206£-10 9.512€-10 1.034E-DS 1.)548-09 1.2166-09 1.212E-09
11100665 7.6336-10 0.000
5.4668-11 1.171E-10 1.961£-10 3.023£-310 4.4625-10 6.3085-10 &.361E-10 1.0085-09 1.121£-09 1.1656-08% 1.121B-09
$5.469E-10 S.BOSE-1D D.D
LAYER 5
1 2 3 ‘ s 6 ? ’ s 10 1
12 13 1
! p26-11 3ieR6e 11 Ce.r206i1 Lledlecip’ 3.7TieElin 7. ! 118648509
1.2208-09 0.000
20327611 S.IAIE-11 1.131£-10 2.567E-10 $.934E-10 1.274E-05 1.634E-09 1.8326-05 1.9956-09 2.194E-09
2.4356-09  0.000
1.069E-11 1.960r-11 3.8308-11 ©.687€-11 31.199E-10 1.585E-09 1.870E-D% 1.951E-09 2.1SSE-09 2.62DE-19
7.7026-09 0.000
4 §.041E-12 2.326E-11 5.1412-11 1.131E-10 2.567E-10 5.934E-10 1.274E-09 1.634E-0% 1.832E-09 1.994E-09 2.154E-0F
2.4436-09  2.435E-09 D.000
1.501E-11 3.8376-11 P.72BE-11 1.94iE-10 3.7182-10 7.000£-10 1.157E-09 1.499E-09 1.710E-09 1.930E-09 1.B65E-03
179366-19 1.2306-09 0.080 .
LAYER 6
1 2 3 4 5 [ ? 8 9 10 1
2 13 14
T1TTIal5e6 0 Telaesetal Cilii8e 0 11 004ES 107 TS lAGE 1L 107 16lse dd 2038380092 3368709
2.096E-09 1.420E-09% 0.000
_6.020E11 -1.3206-10 -2.3098-10 -3.744E-10 -5.3636-10 +2.46SE-10 2.524E-09 2.748E-09 2.660C-09 2.6366-09 2.707E-09

2.801E-09

2.531E-09 0.000



1-25
OUTPUT-H2.¢k

31 -1.176E-11 -1.7038-10 -3.507€-10 -7.673E-10 -1.912E-09 -5.49ZE-0% 7.67BE-09 4.141E-09 3.099E-09 2.890E-09 3.351E-09
4.110£-09 6.919£-09 0.000

4 -5.021E-11 -1,120E-10 -2.309E-10 -3.745E-10 -5.363E-10 -3.465E-10 2.524E-09 2.14UE-09 2.660E-09 2.836E-08 Z.707E-09
2-B01E-09 2.531E-09 0.000

5 534E-11 T95E-11 -1.175€-10 -1.004E-10 $.964E-11 S.493E-10 1.616E-0% 2.1346-09 2.328E-09 2.3HZE-09 2.336E-09
2.096E-08 .420£-69 ©.00D
LAYER 7
1 2 E) 4 5 L] i L] 9 10 11
12 13 14

1 «7.531E-11 «).453E-10 -1.939E-1Q ~1.755E-10 1.947
2.248E-0%  1.493E-09 ©.000

2 -9.277E-1) -1.947€-10 -1.1665-1D ~4_589E-10 -5.573E-10 -2.080E-10 2.570F-09 2.9546-09 2.927E-09 2.896E-D9 2.921E8-09
2.938E-09 2.572E-09 O.00C

3 -1.054E-10 +Z.364E-10 -4.413E-10 ~8.423E-10 -1.803E-D9 -4.490E-09 6.BSBE-0% 4.217E-09 3.3578-08 3.1532-09 3.359E-09
4.208E-09 6.925E-09 £.000

4 -9,238E-1]1 -1,946E~10 -3.166E-10 -4.589E-10 ~5.573E-10 -2.088E-10 2Z.570C-D9 2.954E-R9 2.92Z7E-09 2.996E-09 2.521E-09
2.938E-09 2.572E£-08 0,000

S -7.532E-11 ~1.453E-10 ~1.939£-10 -1.755E-10 1.947E-11 6.006€-10 1.T4BE-0% 2.352E-09 2.386E-05 2.634E-09 2.S50E-08
2.2485-09 1.492£-09 0.000

Télbhén 16 1.7485°09 2.3526-08 2.386E-08 2 634B-0%

LAYER @

3 z 3 a 5 L] 1 1] 9 10 11

o 2.605E-09

1 -7.920E-11 ~}.512€-1D -1.972E-10 -1.693E-10 4.131E-11 &.34JE-10 1.770E-09 2.3865-D.
2.295e-09 1.523E-2% 0.000

Z -9.616E-11 -1.996€-10 -3.164E-10 -d.416E-10 -5.U13E-10 ~1.204E-10 2.5476-09 2.959E-09 2.965E-09 2.951E-08 2.580E-09
2.996E-09 2_620E-09

90E-10 -Z.403E-10 ~4.361E-10 -0.D64E-10 ~1.6B4E-09 -4.169E~-0F 6.9955-09 4.1536-09 23.377E-09 3.2058-09 3,424E-09

B7C-09 6.947£-09 0.000

4 -9.616E-1]1 -1.996E-10 -3.164E-10 -4.417E-10 ~5.873E-10 -1.294E-10 2.547E-09 2.959E-09 2.963E-09 2.9515-09 2.980E-09
2.996E-09 2.620E-09 0.000

5 .7.928E-11 -1.§12E-10 -1.972E-10 -1.693E-10 4.130E-11 6.343E-10 1.770E-08 2.3R6E-09 2.633£-0%9 2.690E-09 2.605E-09
2.295£-89  1.523E-09 0.000

1 -

10 11

99 2lses6-09 2.519E°09°

1
2.2458-09 1.511E-09 0.0D0

2 -8.205E-11 ~1,728E-30 -2.009E-10 -4.062E-10 -4.876E-10 -1.451E-10 2.492E-0% 2.967E-09 2.856E-09 2.BA7E-09 2.908E-09

.99IE-08 2_676E-DS 0,000

3 -9.442E-11 -2.124E-10 -1.9R6C-10 ~7.601E-10 -1.6646-09 ~4.1945-09 6.550£-09 4.061B-09 3.266E-09 3.1058-09 3.372E-0%
.354E-09 7.279E-0% U

4 -9.205£-11 -1,728%-10 -2 _BO9E-10 -4.062E-10 -4.876E-10 -1.451E-10 Z.4S2E-0% 2.867E-08 2.8%65-09 2.847E-09 2.900E-D9
2.903£-09 2Z.676E-DS 0.000

5 -5.5656-11 -1.260E-10 -1.647E-10 ~1.382E-10 5.713E-11 6.188£-10 1.715E-09 2.297E-09 2.528E-09 2.56SE-0% 2.519E-09
2.245€-09 1.511E-0$ 0.000

LAYER 18

1 2z 3 4a 5 € 1 1] 9 18 11

12 13 14

1 -3.012E-11 -5.6A2E~1] -6.982E-11 -3.0136-11 1.
1.981E-09 1.372E-0% 0.000

2 -4.369E-11 -9.66HE-11 -1.125E-18 -2.B52E-10 -4.09PE-10 -2,1428-10 2.370E-09 Z.585E-09 2.50SE-09 2.401E-0% 2.5655-09
2.738E-09 2.656E-09 0.000

3 -5.422E-11 -1.316E-10 -2.8066-10 -56.378E-10 -1.63BE-09 -4.791E-09 6.955E-09 3.830£-09 2.503E-09 2,725E-0% 3.039E-09

.268E-09 08.258E-09 0.000

13708-11 -9.6076-11 ~1.725€-10 -2.852E-10 -4.090E-10 -2.1426-10 2.371E-09 2.585E-09 2.503E-09 2.4 1E-09 2.565&-0%
2.730E-09 2.656E-0% D.000

5 -3.01ZE-11 -%.681E-1) -6,9826-11 -3.913e-11 1.206£-10 5.B60E-10 1.560E-09 2.033E-09 2.204E-09 2.242E-D9 Z.192E-09
1.991E-09 1.372e-09 0.000

LAYER 11
1 2 3 4 5 6 b L] 9 10 1n

1 2Z.96}E-11 6.8B%E-11 1.315E 1.412E-09
1.203E-09  7,184E-10 0.000

2 2.414E-11 5.421E-1) 9_@9PE-11 1.760E-10 3.Z61E-10 6.455£-10 1.257£-0% 1.5566-09 1.664E-0% 1.645£-09 1.520E-09
1.371E-09 9.148-10 0.000

3 2.0186-11 4.278E-11 7.025£-11 1.070E-10 1.746E-10 4.013E-10 1.S05£-0 1.7)15E-09 1.749E-09 1.7338-09 1.686E-09
1.569E-0% 1.300E-0% 0.000

4  2.414E-11 5.422E-11 9.E9BE-1l 1.760E-30 3.ZGTE-14 B.455E-10 1.257E~09 1.5566-09 1.6648-09 1.665E-09 1.5B0E-09
1.371e-69 9.148e-10 0.000

5 2,9605-11 6.888E-11 1.315E-10 2.4C1E-10 4.302B-1C 7.4185-10 1.156F-09 1.443E-0% 1.579£-09 1.587E-09 1.472E-0%
1.203E-09 7.184E-10 0.000

LAYER 12

1 2 3 4 5 L] k e L 10 11
12 13 14

630 16066 10 5 431107 1 IS4IE110 9L TT2eA1

Pr2gei0 ioape-0s 1.33796.09 11208608 1.073E-08

. E-. . .
9.2235-10 4.542€-10 0.000

2 6.399E-11 1.375E-10 2.3108-10 3.560E-10 5.248£-10 7.435£-10 9.902E-10 31.3676-09 1.247£-09 1.226E-09 1.099E-09
B.547E-10 4.830E-10 0.000 .

3 6.273E-11 1.344E-10 2.2458-10 3.442E-10 5.06BE-10 7.275£-10 1.00RE-0% 1.188£-0% 1.264E-09 L.242E-0% 1.120E-D9
8.051E-10 5.169E-10 0.000

4 6.399E-11 1.375E-10 2.310E-10 3.560E-10 S.248E-10 7.43SE-10 9.9026-10 1.167E-09 1.247E-09 1.226E-0% 1.099F-09
9.547E-10 4.430E-10 0.00C

5 6.S81E-11 1.420E-10 2.394E-10 3.698E-10 S.421E-10 7.543E-10 9.712E-10 1.146£-09 1.227E-09 1.205e-09 1.073E-09
9.223E-10 4.54ZE-10 0.000

QY * FLOW TERWS FOR TIME STEP 1, STRE33 PERIOD 1 READ UNFORMATTED ON UNIT 10
LAYER 1
1 2 3 4 5 1] 1 e 9 1 1
12 12 14

1 -3,495E-14 -4.457E-14 ~6.342€-14 -9.235E-14 -1.239E-13 -1.430E-13 -1.266E-13 -5.152E-14 9.451E-14 3.232]
1.063E-12 1.501E-12 1.800€-12

2 -1.743E-14 -2.361E-19 -3.640€-14 ~5.700E-14 -8.023E-14 -9.592E-14 -9.768E-14 -3.940E-14 5.5048-14 2.029£-13 4.159E-13
6.963E-13  1.007E~12 1.236E-12

3 2.7396-14 3.,3668-14 4.6355-14 6.3336-14 N.133E-14 9.206E-14 8.030C-14 3.099E-14 -6.202E-14 -2.097E-13 -4.Z17E-13
-7.010E-13 -1.009E-12 -1.237£-12 ‘

4  1.B66E-14 4,.BA1E-14 6.7TDE-14 9.S57E-14 1.Z53E-13 1.424E-13 1.241E-131 4.026E-14 -$.763L-14 -3.257E-13 -6.495E-13
-1.064E-12 ~1.5026-12 -1.809E-12

5 0.0c0 0.00C 0.000 0.000 ¢.000 o.o00 0.000 0.oa0 0.000 o.oop 0.000
0.000 0.800 0.000
IAYER 2
1 2 1 4 5 6 K [ ] 9 10 11
1z 12 14

1 -1.249E-13 -1.755E-13 -2.835E-13 -4.936E-13 -6.644E-13 -8.408E-17 -0.40
4.9438-12 7.5766-12 9.658E-12

2 -7T.509E-14 -1.087E-13 -1.909E-11 -2 865£-13 -4.451E-13 -5.812E-13 -5.500E-13 -3,740E-11 T.1748-14 7.702E-13  1.849E-12
3.465E-12 3.572E-12 7,.449E-12

8.3106-14 1.145L-13 1.834E-13 2.953E-13 4.412E-13 §.746C-13 -5.9178-13 3.715E-13 -7.182E-14 -7.683E-13 ~1.845E-12
-3.459E-12 -5.564£-12 -7.438E-12
4 1.2798-11 1.776E-13 2.842E-13 4.5IDE-13 6.629E-13 8.3826-13 6.370E-13 5.Ll566-13 ~1.4098-1d -1.17BE-12 -2.737E-12
940£-12 -1.5T1E-12 -9.694E-12 .

13778 013

2

5 D.009 g.000 0.00¢ 0.000 0.900 9.090 ¢.000 0.000 0.o000 ¢.000 0.000
0.000 0.000 0.008
LAYER 3
1 2 3 4 5 & 7 [} L] 10 11



J-26
OUTPUT-HZ ¢k

1 -5.020£-13 -7.612E-13 -1.350E-12
2.496E-11 4.246E-31 B.681E-11

2 -3.1736-13 -4.896E-13 -0.894E-13 -1.609E-12 -2.711E-12 -4.010E-12 -4.678E-12 -3.261E-12 ~7.007K-13 2.963E-12 9.§248-12
1.939p-11 3.64DE-11 5.634E-11

3 3.1756-11 4.@T2E-13 B.B43E-13 1.606E-12 2.7L1E-12 4.011E-12 4.6W0E-12 3.265E-1Z 7.0336-13 -2.961E-12 -8.921E-12
-1,930E-11 -3.6396-11 -5.633€-11

4  5.0156-13 7.S9SE-13 1.3476-12 2.362E-12 3.B02E-12 5.2$7E-12 S.B24E-12  4.140E-12 7.5936-13 -4.342£-12 -1.233E-11
-2.495E-11 -4.245E-11 -5.980E-11

B

5 D.gog a.o000 0.000 ©.000 u.000 0.u00 6.00D o.000 0.000 0.908 6.000
0.008 0.000 o0.000
LAYER 4
2 3 4 5 L] T 1] ¥ 10 11
13 pL]

1 -1.7876-12 -Z.908E-12 -5,736E-12 -1.123%~1]1 -2.0)iE-11 -3.193E-
1.103E-10 2.167E-10 3.416E-10

2 -1.129£-12 -1.920E-12 -3.9508-12 ~W.Z11E-1Z -1.62DE-11 -2.867E-11 -3.991E-11 -2.642B-11 -9.654E-12 9.583E-12 3.007E-11
1.0136-10 2.409E-10 4.912E-10

3 1.230E-12 1.920-12 3.948L-12 B.212E-12 1.621E-11 2.367E-11 3.991E-11 2.641E-11 9.654F-17 -8_519E-12 -3.807E-11
-1,013E-10 -2.4096-10 -4.912E-10

4 1.756E-12 2.906E-12 3.733E-12 1.1236-11 2.031e-11 3.1938-11 3.9026-11 2.8548-11 1.077E-11 -1.188E-11 -4.706£-11
-1.103€-10 -2.167E-10 -3.436E-10

5 0.000 0.000 0.000 0.000 0.000 8.000 6.000 4.000 p.oeo 0.000 0.000
o.000 0.080 0.000
LAYER 5
1 2 2 1 5 6 1 8 5 10 11
12 13 14

1 -5.016E-12 - G4E-12 -2,.034E-11 -4.525E-11 -9.453E-11 -
3.5416-20 38E-10 l.&#1E-09

2 ~2.300E-12 -5.3155-12 -1.505€-11 ~3.713E-11 -9.047E~11 -2.D04E-10 -3.983E-10 -2.0356-10 -7.505E-11 7,663E-12 1.19%E-10
4.149E-10 1.409E-D9 5.086E-C9

3 3.306E-12 6.318) 1.505E-11 3.T13E-11 9.0476-11 2.084x-10 3.983E-10 2.035£-10 7.5056-11 ~7.6856-12 -1.188E-10
-4, 149E-10 -1.409E-D9 ~5.066E-09

4 5.011B-i2 8. 12 2.034E-11 4.525E-11 9.453E-11 1.7445-10 2.4845-10 1.673£-10 7.316E-11 -1.139E-11 -1.2548-1¢

5

=3.541E-10 - 3NE-10 ~1.56B1€-0§
5 0.000 ¢.o000 0.000 ¢.coe 0.030 0.000 [ 0.000 n._ooa 0.0800 0.000
C.008 o.oog 0.000
LAYER 6
i 2 5 ] 7 L] y 10 11
12 13

1 ~1.034E-11 -2.066E-11 -5. 3.2026-16 -71,3058-10 -1.35JE-09 -7.220E-10 -2.951E-10 -6.493E-11 1.110E-10
2.663E-10 ©,.574E-1¢ 1.629-09

2 -7.007E-12 -1.503E-1) -4.162E-11 -1.248E-10 ~3.975E-10 -1.352E-09 -4.925E-09 -1.347E-09 ~31.79T7E-10 -7.454E-11 1.018E-10
4,102e-10 1.319E-09 4.365E-09

El 7.014E-12 1.504E-11 4.163E-11 1.Z4BE-10 32 .9756-10 1.352E-09 4.92SE-09 1.347E-09 3.797E-10 T.433E-11 -1.018E-10
-4.102E-10 -1.3196-09 -4.3656-09

4 1.034E-11 2.066E8-11 5.123E-11 1.300E-10 3.202E-10 7.3056-10 1.353£-09 7.2206-10 2.351E-10 6.493E-11 -1.109E-10
-3.603E-10 -0.574E-10 -1.628E-08

5 0.0060 0.000 8.000 0.000 a.oo0 0.000 0.000 0.000 ¢.000 0.000 6.000
0.000 o.000 g.o00
LAYER 7
1 L 7 a 2 10 11

12

0 -3 al0E 10 -1.3038<09 <7.322E-10 -3.1676-10

~1.235E-11 -2

3.610E-10 8.408E-10 1.550E-09

2 -8.318E-12 -1.73BE-11 ~4,637E-11 -1.3288-1D -3.969€-10 -1.264E-05 -4.242E-09 -1.250E-09 -3_BOTE-10 -B.214E-11 9,613E-11
4,001E-10 1.282E~D9 W4.235E-09

3 8.315E-12 1.716E-11 4.6376-11 1.32€E-10 3.9898-10 1.2645-09 4.2426-09 1.250E-09% 3.8078-10 9.2148-11 -9.613E-11
-4.000E-10 -1.202E-09 -4_235E-09

4 1.235E-11 2.420£-311 5.0476-11 1.4376-10 3.4056-10 7.410E-10 1.303g-6§ 7.322¢-10 3.147E~10 7.770E-11 -1.0438-10

-31.618E-10 -B.40BE-10 -1,590E-09

5  g.c00 o.ooe 0.900 0.000 0.000 o.o00 0.00D 0.008 0.000 0.000% 0.030
0.000 0.000 0.080
LAYER 8
1 2 3 4 s L] 7 8 L] pL] 11
12

- - . SE-11 -1.4068-10 -3.297-10 -7.106E-16 -1.241E-09 -7.016E-10 -3.0350-10 -7.363E-11 1,074E-10

3.680E-10 8.546E-10 1.616E-09

2 -8.3798-12 -1.728E-11 -4.554E-11 -1.2076-10 ~3.819£-10 -1.199E-09 -4.003E-09 -1.193E-09 -3.614E-1D -1.727E~11 §_923E-31
4.070E-10 1.303E-0% 4.307E-D9

3 8.375E-12Z 1.728E-11 4.555€-11 1,2076-10 3.919E-10 1.199E-09 4.003£-09 1.1936-09 3.632E-10 7.7278-11 -§.923E-11
~4.070€-10 -1.203E-09 -4.307€-09

& 1.248E-11 Z.421E-11 5,785E-11 1.406E-10 3.297E-10 7.106E-10 1.241E-09 7.016E-10 3.035E-10 7.363E-11 -1.074E-10
-3.6R06-10 -0.546E-10 -1.616£-09

5 0.000 0.000 0.000 a.000 0.000 0.000 0.900 0.000 0.008 0.0g0 £.000
0.00a 0.000 0.000
LAYER ¢
1 2 3 4 5 6 7 ] ¥ 10 11
12 13 14

1.632E-10 8.957C-10 1,704E-09

2 -1.930E-12 -1.6%2E~11 400E-11 -1.257E-10 -1.771E-10 ~1.194E-09 -4.005E-09 -1.1886-09 -3.5956-10 -7.331E-11 1.0%BE-10
4.282E-10 1.3H0E-09 4.5776-09

3 7.933E6-12 1.65ZE-11 4.401E-11 1.257€-10 3.7716-10 1.194E-09 4.005E-09 1.188E-09 3.58SE-10  7.331E-11 -1.058E-10
-4.2026-10 -1.3B0E-09 -4.577E-09 7

4  1.119E-11 2.304E-1) 5.555E-11 1.363E-10 J.ZZ45-10 1.006E-10 1.231E-09 6.%176-10 2.962E-10 &.850E-11 -1.1316E-10
~3_8328-10 -8.957E-10 -1.704E-09

$ p.oco 6.000 o.o00 0.0080 9.000 0.000 0.cot 0.000 o.000 o.000 [
n.oe0 0.000 t.000
LAYER 10
1 2 3 4 ] [ ? L] s 13 1
2 . 13 14

-9.547E-12 -1.097E-11
3.665E-10 @.9252-10 1.7B4E-09
6.4628-12 ~-1.3776-11 -3.788E-11 -1,129E-10 -3.577E-10 -1.Z11E-09 -4.388E-0% -1.205E-09 -3.414E-10 -§.5425-11 1.041E-10
4.3272-10 1.4966-09 5._3192E-09
3 £.465E-12 1.377E-11 3.799E-11 1,1296-10 3.5776-10 1.211E-0% 4.209E-0% 1.2055-09 3.314E-10 €.542E-11 -1.041E-10
337E-10 -1.496L-D% -5.392E-09
4 9.54%E-12 1.997E-11 §78E-11 1.181E-10 2.397£-18 6.579E-10 1.2145-09 6.503E-310 2.670E-10 S5.812E-11 -1.0776-10
~3.665E-10 -9.928%~10 -1.784E-04

2

5 0.000 0.000 1.000 o.ceo 9.000 0.000 .00 c.oec 0.000 0.000 0.000
0.000 8.000 0.000
LAYER 11
1 2 3 4 3 6 7 8 9 10 1
12 11 14

.679E-12 -#,4715E-12 -1.B66E-11 ~4_125E-11 .5756-11 -1
1.130E-10 2.2%3E-i0 ).658E-10

2 -3.071E-12 -5.824E-12 -1.375€-11 -3.3706-11 -8,163E-11 -1,872E-10 -3.55672-10 ~1.847E-1] -7.455£-11 -1.5648-11 3.1326-11
1.046E-10 2.557E-10 5.231E-10

3  3.081E-17 5.830B-12 1.3766-11 3.371E-11 8.1636-11 1.872E-10 3.S67E-10 1.947E-10 7.435E-11 1.563E-11 -3.132E-11
-1.046E-10 ~2.557E-1¢ -5.222E-1C

4 4.683E-12 B.480E-12 ).B66L-11 4.125¢-11 B.575€-11 1.577E-10 2.245E-10 1.540£-10 7.542E-11 1.635E-11 =3.809E-11
-1.130€-10 -2,295E-10 -3.650E-10

5 0.000 0.000 0.000 0.000 a.0o0 o.000 8.000 a.800 2.000 8.000 0.008
0.000 o.co0 0.000

LAYER 12



1-27
OUTPUT-H2.ek

1 2 3 4 s [ 7 L] 9 10 11
12 13 14

1 -2 0‘5&412 -3. Jlﬁlvl.z 6 lll]l: 12 l 2285'!1 2. 1815-11 .] 3!18—11 —I 112!2 11 -3.225E-11 -1.773E-11 -3.415E-12 1.137E-
2.956E-11 9$.210B-11 7.215&-

2 -1.303£-1Z -2.174E-1Z -4.164E- 12 -B.858E-12 -1.706E-11 -2.952E-11 -4.058E-11 -2.852E-11 -1.439E-11 -2.9712E-12 0.231E-12
2.281E-11 4.393E-11 6.744L-11

3 1.3172-12 2.184K-12 4.168L-127 9.B56E-12 1.708F-11 2.952E-11 4.0SSE-11 2.851E-11 l.438E-11 2.868E-12 -8.231E-12
~2.2B1E-11 -4.393g-1] -6.744E-11

4 2.082E-12 3.324E-12 6.AD4E-12 1.220E-1)1 2.191E-1} 3.301E-11 4.1326-11 3.225E-11 1.773E-11 3.416E-12 -1.137TE-11
-2.956E-11 -5,Z10E-11 -T.218E-11

5 8.000 0.000 0.000 §.000 9.000 g.000 €.o0oo 0.000 a.oot ¢.000 D.pog
b.ooe p.oao ©.000
“RT + FLON TERMI FOR TIME STEF 1, JITRESS PERTOD 1 READ UNFORMATTED O UNIT 10
LAYER L
1 z 3 4 & € 7 ] 1 1 11
12 13 14

ﬁS—ll 'I 55ID—X1 -J ZJ1I~11 1 45’5-11 '7 35& 12 3. 229!}—11 5 IJI'IE—II

1 ~6.547E- o .
8.272E-11 1.422E-10 1.132E-10
2 -6.551E-11 -6.490F-11 -6.336E-11 -6.027E-11 -5.476E-11 -4.3B3E-11 -2.Z63E-11 -1.476E-11 7.372E-12 3.260€-11 5.806E-11
8.412E-11 1.044E-10 1.18CE-10
1 .6.5538-11 -6.493E-11 -6.341E-11 -6.036E-11 -5.489E-11 -4.6015-11 -3.261E~11 -1.486€-11 7.379E-12 J.ZE1F-11 5.9576-11
1.060E-16 1.163E-10
-6.490C-1) -6,3366-11 -6.0278-11 -5.476E-11
1. £-10 1.160E-10
-6.485E-11 -6.326E-11 ~6.014E~21 -5.4576-11 -4.558E-11 -3.Z376-11 -1.4598-11 7.3998-12 3.230E-11 5.831E-11

583E-11 ~2.261E-11 -1_476E-11 7.3755-12 3.260E-11 §.90B6E-11

0.2726-11 1,D22B-10 1.13ZE-10

il333E010 I3 0740510 T8i233k 11 aisheE-il 2l912eC1a S ISSESLL1l2esEC 14

. 0 - .
1.813E-10 2Z.I22E-10 2.6268~10

2 -1.338E-10 -1.336E-10 ~1.130£-10 -1.304E-10 -1 .234E-10 -1,090E-10 -8.413E-11 -4.670E-11 2Z.391E-12 6.D60E-11 1.24<E-10
1.8BBSE-10 2.448F-10 2.803E-10

3 -1.336E-10 ~1,317E-18 -1.333E-10 -1_308E-10 -1.242€-10 -1.102E-10 -9.S60E-11 -4.7746-11 7.1}136-1Z 6.1396-11 1.2698-10

.942E-1C 2.559E-1D 2.979E-10

8 -1.3335-10 +1.336E-10 -1.330E-10 -1.304E-10 -1.237C-10 -1.090E-10 -8.4125-11 -4.669E-11 2.39ZE-12 6.060E-11 1.244E-10
1.865E-10 2.448E-10 2.D03e-10

$ -1,124E-10 -1.334E-10 -3.326£-10 -1.297E-10 -1.222E-10 -1.074E-10
1.813E-10 2.322E-10 2.526£-10

.2338-11 -4.539E-11 2Z.716E-12 §5.946E-11 1,209E-10

-2. ﬂﬂﬂE—lD ~Z C42E-10 -Z.099E-10 -2. 1512-10 -2. 162!:-10 -2 0575»10 -1. 7155-1!7 -J 172E-10 -3.558E-11 6. ‘615-11 L 81E-10

2.978E-10 4.09SE-10 10

2 -2.0136-10 -2.050E-10 -2.1146-10 -2Z.185E-10 -2.222E-10 ~2.153E-10 ~1.M6BE-10 -1.2608-10 -3.915E-11 6.T32E-11 1.806E-10
3.2B5E-10 4.7225-10 5_670E-10

3 -2.0168-10 -2.0SSE-10 -Z.12SE-10 ~2.209E-10 -2.Z10E-10 ~2.241E-10 -1.995E-10 -1.343E-10 -4.241E-11 6.934E-11 2.011E-10
3.580E-10 5.4596-1¢ 7.436E-10

4 -2.013E-10 -2.0S0E-1C -2.114E-10 -2.1B5E-10 -2.2226-10 -2.1S3E-10 -1.868C-10 -1.760E-10 -3.919%-11 6&.732E-11 1.906E-10
3.2685E-10 4.72Z6-10 5.0708-10

5 -2.008E-10 -2,042E-10 -2,.098E-10 -2.153E-10 ~2.162E-10 -2.0578-10 -1.74BE-10 -1.1726~10 -3.559E-11 6.461E-11 1.781E-10
2.978E-10 4.095B-18 4.845£-10 N
LAYER 4
2 3 4 5 § 7 L] 9 pu 11

12 24

-2.631E-10 —2.031¢~1ﬂ -3 lDJE—lﬂ -3. 1935 lﬂ AJ.!III-IU -3.411E-16 -2.600E-10 -1.381E-10 9.1006-12 1.754€-10
5.591E-10 7.2156-10

-2.659E~10 ~2_BO4E-10 -3.22SE-10 -3.666E-10 -4.097E-10 -4.165E-10 -3.108E-10 -1.606E-10 B.924E-12 2.036E-10
7.850E-10 1.203E-09

3 -2 557E-10 -2,67SE-10 -2.924E-10 -3.330£-10 -3.933E-10 -4.745E-10 -5.456E-10 -3.T46E-10 -1.B42E-10 B.600E-12 2.3276-10
5.621E-10 1.206E-D9 2.850E-09

4 -2.549E-10 -2.659E-10 -2.884E-10 -3,225%-10 -3.666E-10 -4.0976-10 -4.163E-10 -3.10BE-10 -1.6065-10 0.922E-12 2.0366-10
4.492E-10 .7.B50E-10 L201E-08

& -2.519E-10 -2.6376-10 -2.831E-30 -3.1035-10 -3.398E-10 -3.564E-10 -3.411E-10 -2.60BE-10 -1.361E-10 9.097E-12 1.754E-30
3.614E-10 5.591E-10 7.21SE-10

LAYER 5

1 2 3 4 5 6 ki L] 9 10 11
12 11 u
1 -2.63"}-10 ‘z 7B9E-10 -3.107E-10
1.3376-10 2.233E-16 2.T07E-10
2 -2.651E-10 -2.830E-10 - 18E-10 -3.924E-10 ~5,143E-10 -7.125E-10 -9 475E-10 -6.3506-10 -3.5656-10 -1.4976-10 1.064E-11
1.366E-10 2.282E-1C 2. 5225-10
3 -2.670E-10 ~2.863E~10 -3.314E-10 -4.239E-10 -6.240E-10 -1.1246-09 -2.5776-09 -1.047E-09 -4,662E-10 -1.793E-10 4.5D4E-17
1.3718-10 1.959€-10 D.000
4 -2.657E-10 -2.930E~10 -3.216E-10 -3.924E-10 -5.143€-10 ~7.125E-10 -9.475E-1¢ -6,350E-10 -3.5656~10 -1.497E-10 1.0646-11
1.388E-10 2.282Z-10 2.522E-10
5 -2.6IBE-10 -2.78%E-10 -3.107E-10 -1.619L-10 -4.3130L-10 -5.123E-10 -5.499E-10 -4,352E-10 -2.766E-10 -1.222E-10 1.584E-11
3.337£-10 2.233E-10 2.70%E-10

S3E-16°12 7666010 1112326020 1iseaeil

I3la19E-10 <4.3308-10 J5 1236 10 6 adee 10

1 2 3 4 5 & T L) 9 10 11
12 13 14

Alﬂﬂ[-lﬂ -Z.B'Il »lll —2 7665 lﬂ <2 ﬁ.lla-lﬂ -2.307E-10 ~1.760E- ).ll -l 1165 ID -4 566!2:11

1 -2.0B1E-10 -2.1S6E-10 -2.298E-10
4.B67E-12 4.276E-11 6.114E-11

2 -2.088E-10 -2.16BE-10 -2.12%E-10 -2,540E~1D -Z.751E-10 -2.B03E-10 -2.459E-18 ~2,344E-10 -1.831E-10 -1.162%-10 -5.107E-11
2.529E-12 3,678E-11 4.7008-11

3 -2.093E-10 -2.177E-1p -2_J42E-10 -2 .56UE-10 -2.756E-10 -2_485E-10 0.000 -2.025E-10 -1.834E-10 -1.1506-10 -5.31CE-11
~1.1298-1Z  2.3476-11 £.000

4 -2.06BE-10 ~2.168E-10 -Z.J256-10 -2 .S40E-10 -2.751E-10 -2.603E-10 ~2,459E-10 -2.344E-10 -1.0318-10 -1.162E-10 -5.107E-11
2.529E-12 3.679E-11 4.7005-11

5 -2.061Z-10 -2.156E-10 -2.299Z-10 -2.490E-10 -2.6788-10 -2.766E~10 -2.6386-10 -Z.307E-10 ~1.760E-10 -1.116E-10 -4.066E-11
4.868E-12 4.Z76E-11 6.114E-11

13

1 ~1.20¢l:~lﬂ -1. 2142 l.ﬂ -1 22!! lﬂ l 237I-lﬂ -1 2215—1“ -l 161:-10 =1. 083!7-1!1 1. uzu:-m 9 ‘51!:*11
-5.493E-11 -4.2128-11 -3.561E-12

2 ~1.204E-10 -1.214€-10 -1.226€-10 -1.Z26B-10 -1.183E-10 -1.057E-10 -8.5808-11 -9.181E-11 -9.04BE-11 -9.3115-1) ~6.757E-11
-5.271e-11 158-11 -2.609E-11

3 -1.2056-10 -1.214£-10 -1,223E-10 -1.211E-10 -1.121E-1C -8.217E-11 0.000 -6.8Z1E-11 -8.426E-1) -7.835E-11 -6.645E~11
-5.021E-11 -3.0372-11 ¢.000

4 -1.Z04E-10 -1,214E-10 -1.226E-10 -1.2Z26E-10 -1.183E-10 -1.057E-10 ~B.590E-11 -§.1860E-11 -9.048E-11 -8.1106-11 -6.7576-11
-5.271E-11 -3.B15K-11 -2.609E-11

S ~1.204E-10 -1.2142-10 -1,228E-10 -1.237E-10 -1.221E-10 -1.167E-10 -}.0BIE-10 ~1_D2BL-10 -9.451E-11 -8.257E-11 -6.870E-11
~5.493E-11 -4.313E-11 -1.561E-11

IRt Rt

-Z SZGI-H -X 89"5'11 X l'lﬂll:-ll -3 0565 12 .9902 .l! 2 995€-12 l !'IJI l.l -3 !ﬂl-ll -
-1.257-10 -1.287E-10
-2 .494E-11 -1.014E-11 -9 _264E-12 -4.073E-13 4.506E-12 $.891€-13 -1.J15E-11 -3.619E-11 -6.3446-11 -€.929F-11
-1.109E-1) -9.70CE-11
.496E~11 -1.798E-11 -0,194E-12 1.3258-12 6.2576-12 0.00D -1.143E-11 ~3.442E-11 -6.201E~11 -8.694E-11
-312e-11 0.000

-9.986E-11 N
a4 -2.836E-11 -2.483E-11 -1.814E-11 -9.264E-12 -4.071E-13 4.506E-12 5.@61E-13 -1.315E-1) -3.619E-11 -6.3445-11
~1.075E-10 ~1.109E-10 -9.700E-11

-929e-11



J-28
OUTPUT-H2.ek

5 -2.861E-11 ~2,.5Z5E-11 -1.B97E-11 -1.084E-1]1 -3.0568-12 4.993E-1] -2.994E-12 -1.6738-11 -1_863E-11 -6.5298-11 -%,153E-11
~1.130E-10 -1.257E-10 -1.2875-10

1 F 3 4 5 & ? L] i 10 11
12 13 14

1 4.904E-11 5.797E-11 7.527e-1)1 #%.896E-11 1.240£-10 1.3996-10 1.3178-
-2.216E-1C -2.815E-10 -3,224E-10

4.9655-11 5.944E-11 7.843£-11 1.05SE-10 1.3565-10 1.3525-10 1.300E-10 1.078E-10 3.73%E-11 -5.023E-11 -1.419E-10
-2.276E-10 -2.087E-10 -2.936€-10

$.030E-11 6.04JE-1) H.063E-11 1.)01E-10 1.428E-1C 1.4528-10 D.00% 1.014E-10 4.3555-11 -¢.739E-11 -1.424E-10
-2.256€-10 -2 .473E-10 0.000
4 4.985E-11 5.944E-13 7.942E-11 1.0556-10 1.356E-10 1.5528-10 1.390E-1¢ 1.078E-10 3.739E-11 -5.023E~11 -1.419E-11

w »

-2.276E-10 -2.807L-10 -2.536T+10
& 080aE-11 5.797£-11 1.527E-11 9.898E-1) 1.2406-10 1.3995-10 1.3176-10 9.292E-11L 2.6896-11 -5.397E-11 -1.397E-10
-2.216E-10 -2 476610 -1 224E-10
R 10
1 2 1 5 [ » ' s 1w 1n
2 1
CUEanienil ileseetie T 1l31ET101lesaESin 2issoE-10 33246010 1 Z3iasamiiliilsnislie

=1.771E-18 -5.714E-10 -7.148E-10

2 §.047E-11 1.074E-10 1.452E-10 2.131E-10 3.2846-10 5.1258-10 7.274E-10 4.490£-10 1.91BE-10 ~1.849E-11 -2.223E-10
~4.BB4E-10 +8.10ZE-10 -1.246E-09

3 9.1696-1]1 1.163E-10 1,519E-10 2.416E-10 4.279€-10 6.810E-10 2.179E-09 $.1656-10 2.979E-10 -5.597E-13 -2.4855-10
~5.069E-10 -1.257E-09 -2 999E-U9

2 9.047E-11 1.074E-10 1.4528-10 2.1316-10 3.284E-10 5.125E-10 T.274E-10 4.4908-10 1.910e-10 -1.649E-11 -2.223E-10
~+4_6H4E-10 -8.1028-10 -1.246E-09

5 2E-11 1.0368-10 1.351E-10 1.854£-10 2.SS0E-10 3,324E-10 3.713e-10 2.703E-10 1.220E-10 -3.353E-11 -1.973E-10
LITAE-10 -5.T714E-10 -T.346E-1C
LAYER 11
1 2 3 4 5 [ ki L) 9 10 11

12 13 14

L $.378E-311 7.204E-1] 9.110E-11 1.31618-10 1.305E-
-2.208E-10 -3.161E-10 ~3.821E-10

2 6.473£-11 7.469E-11 9_552E-11 1.285E-10 1,73SE-10 2.231E-10 Z.4766-10 1.808£-10 6.346E-11 -2.067E-11 ~3.305E-10
-2.509E-10 ~3.799E-10 -4.879E-10

3 6.5176-11 1.601E-11 9.990E-1]1 1.37SE-3¢ 1.9688-10 2.798E-10 3.614E-10 Z.3T0E-10 1.0S1E-10 ~1.608%-11 -1.300E-10
~2.8038-10 -4.562E-18 -6,520E-10 .

4 6.473E-11 7.469E-31 9.5526-11 1.78SE-18 1.735E-10 2.231E-10 2.4765-10 1.908E-10 8.346E-11 -2.D67E-11 -1.3056-10
~2.509E-18 -3.799E-10 ~4.979E-1C

5 6.31786-11 7.2ME-11 9.110E-11 1.181€-10 1.5056-10 1.785B-10 1.016E-10 1.269E-10 §.269E-11 -2.533E-11 ~1.209E-1¢
-2.208E-19 -3.161E-1D0 -3.9218-10

LAYER 12
46 1 L] v ] 1

o.000 o.000 c©.g0e 0.000 0.000 0.000
D.D00 ©.ooo ¢.000

2z D.D0O0 g.gec 0.000 a.oc00 o.ooD 0.000 c.000 0.000 D.poo 0.000 o.000
0.000 o.con 0.0pa

3 0.000 0.00C c.oon 0.000 0.000 ©.o0o o.000 0.000 0.008 0.008 0.o000
0.000 0.000 0.000

4 0.000 0.080 0.000 0.008 D.000 c.coo 0.000 0.000 0.089 9.000 0.00¢
0.000 0.000 .00

5 8.000 0.000 0000 0.000 0.000 0.000 0.000 ¢.00C 6.000 0.000 &.000
0.0ag 0,000 0.060

MAXIMUN STEPSIZE DURING BHICH ANY BARTICLE CANNOT WOVE MORE THAN ONE CELL
= 0.1708E+06 (IHEN MIN, R.F.~1) AT k= 10, Is 3, J= 11

MAXIMUR STEEJIZE WHICH MEETS STABILITY CRITERION Of THE DISFERSION TERM
= 0.1636E+00 (WHEN MIN, R.F.=1) AT ks 11, I= 4, Je 13

p13P. COEFE. DXX IN LAYER | FOR TIME STEP 1, STRESS PERICD 1

1 2 3 4 3 & 7 L] 1t 11 12 13 14

ISP, COEFF., DXX IN LAYER Z FOR TIME STEP 1, STREIS PERIOD 1

PIP. COEFP. DXX IN LAYER 3 FOR TIME STEP 1, STRESS PERICO 1

1
i oy

[EIPTREeS
sooao
maan

0.0 0.0
e.0 0.0
0.0 0.0
9.e 0.0

DISP. COLFF. DXX IN LAYER 7 FOR TIME STEF 1, STRESS PERICD 1
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11
TRESY PERICD 1
ITRESS PERIOO 1
$TRESS PERIOD 1
STRESS PERIOD 1
STRESS PERIOD 1
STRESS PERIOD 1
1o 11
STRESS PERIOD

1, 3TRE3S PERIOD 1

1,
1,

1 ForR TDME ITEP 1,

OXY IN LAYER 4 FOR TIME 3TEF

COEFF. DXX IN LAYER 11 FOR TIME STEF 1
DRY IN LAYER
COEFF. DXY IN LAYER 3 EOR TIME STEF 1.

COEFT .

BISP. COEFF. DXX IN LAYER 10 FOR TIME STEP 1, STRESY PERIOD

DISP. COEFF. IX TN LAVER @ FOR TIME STEP 1, §
DISP. COEFF. DXX IN LAYER 9 FoR TINE STEF 1.

DISE. COLIT. DXX IN IAYER 12 FOR TIME STEP
DISP. COEFF. DXY IN LAYER 2 FOR TIME STEP

DISF. COEFT.

BI3F
pIse.
pIse,

coaoo
cagaa

CLEL L TN
cocoa

cocas
scooo

AnNmTn

-
-

1
1

11

STRESS PERICD
STRESS PERIOD

1a

'

1
1

COEFF. DXY IN LAYER 6 FOR TIME STEP 1, STRESS PERIOD 1

DISP. COEFF. DXY IN LAYER 5 FOR TIME STEP
PISP. COEFF. DXY IN LAYER 7 FOR TIME STEP

o1se

B L)

1

0ISP. COEFF, DXY IN LAYER 8 FOR TIME 3TEP 1, STRES3 PERIOD
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14

1

EELE X

1, STRESS PERICO 1

DISP. COEFF. DXY IN LAYER 9 FOR TIME STEP

ANmYa

DISP. COEFT. DXY IN LAYER 10 FOR TIMC STL® 1, STRESS PERIOO 1

10

“prmwn

1. STRE3I PERIOD 1

COEFF. DXY IN LAYER 11 FOR TIME STEP

DISP.

14

13

Hmen

1

DISP. COEFF. DXY IN LAYER )7 FOR TINE STEP 1, STRES! BERIOD

OISP. COEFF. DXZ IN LAYER 1 FOR TIME STEP 1, 3TRESS PERIOD 1

1

STRESS PERIOD

1.

DISP. COEFF. DXZ IN LAYER 2 FOR TIME 3ITEF

— s

DISP. COEFF. DXZ IN LAYER 3 FOR TIME ITEF 1, $TRESS PERIOD 1

DISP. COEFF. DXZ IN LAYER 4 Foh TIME STEP 3, STRE3SZ FERICD 1

14

)
pud

S FOR TIME 3T4P 1, STRESS PERIOD 1

DXZ IN LAYER

COETT.

DISE.

STRESS PERIOD I

1,

DISE. COEFF. DXT IN LAYER 6 FOR TIME STER

Anmen

DISP. COEFF. DXZ IM LAYER 7 FOR TIME STEP 1, STRESS FERIOO 1

EL L L

1

DXZ 1K LAYER B FOR TIME STEP 1, 3TRESS PERICD

DISE. COEFF.

DISP. COELFF. DXT IN LAYER 9 FOR TIME STEP 1, STRESS PERIOD 1
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e

1

DISP. COEFF. DXZ IN LAYER 10 FOR TIME STEP 1, ITRESN PERIOD

DISP. COEFY. DXZ IN LAYER 11 FOR TIME STEP 1, STRESS FERIOD 1

e

1, STRESS PERIOD 1

DISE. COEFF. DXZ IN LAYER 12 FOR TIME 3TEP

14

12

il

10

LY X 20

1, sTREss PERIOD 1

DIsP. COEFE. DYY IN LAYER 1 FOR TIME STEP

“nmwn

1, 9TRESS PERIOD 1

DIBP. COEFF. DYY IN LAYER 2 FOR TIME ITZF

-

1, STRESS PERIOD 1

D1SP. COEFF. DYY IN LAYER 3 FOR TIME ITEP

LT

DISP. COEFF. DYY IN LAYER 4 FOR TIME STEP 1. ITREYS PERIOD 1

LR R ]

DI4P. COETF, DYY IN LAYER 5 FOR TIMC STEP 1, $TRESS PERIOD 1

LR

Disk. COEFF. DYY IN LAYER 6 FOR TIME STEP 1, ITRESY PERICD 1

IR Y

7 FOR TIME STEP 1, STRESS PERIOD 1

DISP. COEFF, DYY IN LAYER

1

1a

AMmTa

DISP. COEFF. DYY IN LAYER B FOR TIME STEP 1. JTREYS PERIOD 1

14

13

1z

n

Armen

1

DISP. COEFF. DYY IN LAYER 9 FOR TIME STEF 1, STREAS FERIOD

14

13

12

10

TR
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1,

DISF. COEFF. DYY IN LAYER 10 FoR TIME STER

12
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ERTE R

1

1, STRESS PERIOD

DISF. COEFF. DYY IN LAYER 11 FOR TINE STER

14

1

EEE

1, STRESS PERIOD 1

DISE. COEFF. DYY IN LAYER 12 FOR TIME STEP

I

GOEFF. DYX IN LAYER

pIsP,

1 FOR TIME JTEP 1, STRESS PERIOD 1

11 12 13 14

1w

M

1, STRESS PERIGD 1

DISP. COEFF. DYX IN LAYER 2 FOR TIME STEP

13 14

i1

=
3

“eamwn

]

DISP. COEFF. DYX IN LAYER 3 FOR TIME STEP 1, STREIS PERIOD

14

12

=

1, aTRESY PERICD 1

DISP. COEFF. DYX IN LAYER & FOR TIME STEP

14

13

12

N

1

1, STRESS PERIOD

DISP. COEFT. DYX IN LAYER 5 FOR TIME ITEP

14

1z

i1

LR T

DISP. COEFF. DYX IN LAYER 6 FOR TIME STGP 1, STRESS PERICD 1

11

10

BT

1

DYX IN LAYER 7 FOR TIME 3TEF 1, ITRESS PERICD

COEFE .

oisg.

LR R

1, $TRESS PERIOD 1

DISE, COEFF, DYX IN LAYER § FOR TIME STER

14

12

1

10

Humen

1, sTRESS PERIOD 1

DYX IN LAYER 9 FOR TINE STEP

COEFY .

DIsE.

14

13

11

10

At

1, STRE3Y PERIOGD 1

DYX IN LAYER 10 FOR TIME ITEP

COEFF .

CISP.

14

12

11

ELLE Y]
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DISP. COEFF. DYX IN LAYER 11 FOR TINE STEF 1, STRESS PERIOD 1

AT

3

1, STRESS PERIOD

DISP. COEFF. DYX IN LAYER 12 FOR TIME STEP

13

12

-
-

a
a
[
0
a

ooooo

ancses

B ET

DISP. COEFF. DYZ IN LAYER 1 FOR TIME STIF 1, 3ITRESS PERIOD 1

ELLEY

1

1, STRESS PERIOO

DIAP. COETF. DYZ IN LAVER 2 FOR TIME ITEP

11

o
S

LRI

1, 3TRESS PERIOO 1

D13E. COEFF. DYZ IN LAYER J FOR TIME STER

BRI )

1

1, STRESS PERIOD

DI3P. COEFF. DYZ IN LAYER 4 FoR TIME ITER

14

-
b

T

L

DISE. COEFF. DYZ IN LAYER 5 FOR TIME STEP 1, STRESS PERIOD

11 13 14

10

BRI

1

DYZ IN LAYER 6 FOR TIME STEF 1, STRESS PERIOD

DISP. COEFF.

12

11

b

STRESE PERICD

1,

DYZ IN LAYER 7 FOR TIME STEP

=, 7 2

DISE.

14

T

1, STRE33 PERIOOD 1

COEFF. DYZ IN LAYER B TOR TIME STE?

DISE.

12

10

BT

1

1, STRES3 FERIOD

DISP. COEFF. bYZ IN LAYER 9 FOR TIME 3TCP

13 14

12

Q .
a
0
3
o

L

1

0YZ IN LAYER L0 foR TINE STEP 1, STRESS PERIOD

COLrr.

pIsE.

11 13 14

18

ANmen

1

1, STRESS PERIOD

COEFF. DYZ IN LAYER 11 FOR TIME STEP

[ 383

18

12

11

1Q

6

-
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c.0 e.2 g.o 0.0 0.0

¢.0

0.0

2.0

a.0

1.0

DISP. COEFF. DYZ IN LAYER 12 FOR TIME STEP 1}, STRESS PERICO 1

14

i

Heam @i

1, STRESS PERICD 1

D1SP. COEFF. DZZ IN LAYER 1 FOR TIME STEF

13

11

10

1

1, STRESS PERICD

DISP. COEFF. DZZ IN LAYER 2 FOR TIME STEP

12 13 ia

10

ELE ]

1

DZzZ IN LAYER 2 FOR TIME STEF 1, 3TRESS PERIOD

COEFT .

DI3P.

11

leeooo

a
]
)
o
[

‘seooo

M

1

1, STRESS PERIOD

DISP, COEFF. DZZ IN LAYER 4 FOR TIME STEF

14

13

12

L

STRESS PERIGO I

COEFF. DZZ IN LAYER 5 FOk TIME STER i,

DIsP.

1

13

2

BT

COEFT. DZZ IN LAYER 6 FOR TIME STEP 1, ITREIS PERIOD 1

DISE.

iz

1

AN N

1

STRESS PERLOD

7 FoR TIME ITER 1,

COEFF. 0Z% TN LAYER

DISE.

14

13

1z

10

MM

1, STRESS PERIOD 1

DISP. COEFF. DZZ IN LAYER 9 FOR TIME STEP

11

. 0
L]
[
[]
1)

NP Yn

DISP. COEFF. DIZ IN LAYER 9 FOR TIME STEP

1

1, STRESS PERIOD

14

12

TR

1

STRESS PERIOD

1,

DIsP. COEFF. DZZ IN LAYER 10 FOR TIME STEF

i4

13

12

suoae

N men

1

STRESS PLRIOO

DISP. COEFF. DZZ IN LAYER 11 FOR TIME STEE 1,

AnmEn

1

OISP. COEFF. D22 IN LAYER 12 FOR TDL STEP 1, STRESS PERICGD

L)

1a

oco

oeco

13

Boo

iz

aoo
eoa

caa

1c

sco
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5 39,27 35.0  29.5 23.4 1.2 1S 6.7 3.2 1.2 0.4 0.1 2.0 8.0 0.0
COMCENTRATIONS 1IN LAYER 2 AT END OF TRANSPORT STEP 5022, TIME STEP 1, STRESS PERICD 1
1 z 3 4 5 ] 1 8 L] b1 1 1z 13 1
CETTIERTHEAN TheelaCesleT e TTTUERTTTA T E T kT e T el Tele T el e’
2 146.7 140.2  130.7 116.3 102.7  64.0  63.1 41,7 22.z2 0.6 4.4 1.5 0.4 0.1
3 159,5 153.5 1485 132.5 1168  §7.4 749 al3 208 144 6.3 2.3 0.6 0.1
W 1967 140.2 130.7 1163 1027 840 631 4L.T 222 10.6 q.¢ 1.5 0.4 0.1
s 123.7 1165 1064  §1.7 789 €2.2 44,7 279 13.8 6.1 2.0 0.8 0.2 0.0
CONCENTRATIONS  IN LAYER 3 AT END OF TRANSEORT STEF 5022, TIME STEP 1, STRESS PERISD 1
1 2 3 4 s [ 1 8 9 1 12 13 14
T Tiealz isole ivsio leile’ 13sle 1agld 12005’ 87 0.2 Taale ULl e
z  193.%  192.0 1@6.7 1§32 1735 1s7.8 1382 117.8  §2.3 /.7 17.4 6.€ 1.6
3 §91.2  1P6.0  193.6 186.3 1712 158.6 139.4 122.6 102.3 4.7 23.0 9.4 2.5
4 13,9 1pz.0 18,7 183.2 173.5 1s1.8  138.2 117.8 %23 5.7 17.4 6.6 1.6
5 1@4.2 180.6 175.0 167.0 18h.8 140.3 i20.5  97.6  70.2 3.0 10.5 E 0.8
CONCENTRATIONS IN LAYER 4 AT END OF TRANSPORT STEP 5022, TIME STEF I, STRESS PERIOD 1
1 2 3 4 5 & ? [ 9 10 i1 1z 1a
1T isale T imgz 18700 3Uie il Tisale Tlaziz 1380 1lvle 8el3 sels < hle
2 18s.8 1997 189.0 197.2  147.0  120.8  115.5  121.2 1224 104.0 749 6 18,1
3 18909 1867  197.4 153.4  113.3  p2.9 808 93.6 108.7 102.%  BO.S 4 743
4 1985 199.8 1990 177.2  147.0  3120.7 115, 1212 122.4  104.0 745 6 18.1
5 198.8 198.2 197.p 187.3  170.6 152.0 142.2 135.0 :17.6  89.3  56.6 £ 1.6
CONCENTRATIONS IN LAYER & AT EMD OF TRANSPORT 3TEP 5022, TIME STEP 1, STRESS PERIOD 1
1 z 3 q 5 6 7 [ ) ic 1 12 13 14
L Tieels issle isensiealsiSlsTUBENS a3l eRlsT esis Tl Tiiels el eel T sal
2 200.6 155.7 196.2 375.6 119.7 56,3  27.4 25.1 338 S2.0 776 903 B33 50.8
3 199.9 196.4 185.4 137.0 842 172 3.2 2.7 7.6 18.4 439 6.1 L9 0.0
2 200.0 199.7 196.2 1715.6 119.7 58.3  z7.4 25,7 338 s2.0 77.6  90.3 B33 56.8
s 193.9 199.6 198.9 194.6 175.9 1289  $3.2 67 $5.9 1110 119.9  112.2 B9l S4.4
CONCENTRATIONS  IN LAYER & AT END OF TRANSPORT STEP 5022, TIME STEP 1, STRE13 PERICO I
1 2 3 1 5 § 1 [ 9 10 i1 12 13 1
TS R O A P R TP R r Sl S e T A I A T T I TR
2 195.9 198.0 182.0 122.7  39.6 4.4 [T 0.2 0.8 3.5 116 3.8 €2.6  B0.9
3 199.4 190,89 142.8  43.0 3.2 0.1 8.0 8.0 n.g 0.4 3.5 168 399 0.0
4 189.6 198.0C 182.0 122.7  33.6 4.4 0.1 0.2 0.8 3.5 131.6 358  €2.6  B0.9
5 199.8 199.4 197.C 1639 1339  sS1.1 25.2 zd.7 3.5 45.1  B4.4 B5.7  IOU.B 988
CONCENTRATIONS  IN LAYER 7 AT END OF TRANSPORT STEP 5022, TIME STEP 1, 3ITRESS PERIOD 1
1 2 3 4 5 6 1 ] 5 18 1 12 13 M
T isen M ieatn HesraTiens  laanteele RIS Rels TRl aaa enia el dczis i
2 199.8  196.8 177.2  118.1  42.0 6.3 0.1 0.2 0.7 2.9 10.%  29.0  §1.3 8B4
3 199.0 187.2  134.7  46.8 3.7 8.1 6.0 0.0 0.0 6.3 2.5 117 336 0.0
4 199.8 196.8 17T.2  118.1  42.0 6.3 0.1 0.z 0.7 2.9 106.5 9.5 S5i.3  BB.4
s 199.7  199.3  195.7 180.7 140.1  SB.4  77.9  26.3  32.6  44.4  6l.4 618 1029 117.2
CONCENTRATIONS  IN LAYER B AT ENC OF TRANSFORT STEF 5022, TIME 3TEF 1, $TRESS PERIOD 1
1 H 3 4 5 5 7 [] 9 10 1 1z 13 14
1777719900 Tieel1 19s.’ 18205 144,70 5.6 321 4278 Teale 1037 Tt
2 189.8 187.1 1792 124l 484 3.5 0.z 3.1 113 286 57.8 86,7
3 199.1  187.8  139.1  5l.4 4.9 0.1 0.0 0.3 2.5 1.8 317 0.0
4 199.8 1811 179,2  124.1  46.4 9.5 0.2 3.1 113 2%.6  5T.3 A8.7
§  199.7 199.1 196.0 182.5 1447  65.6  32.1 47.7 649 B4 1043 1178
CONCEWTRATIONS  IN LAYER § AT END OF TRANSPORT STEF 5022, TIME STEP 1, STRESS PERIOD 1
1 z 1 4 B 6 4 8
EFRE TN T 600 Tasla 668 a8
2 199.9  197.8 0.y 3.6 13.2 330 $9.4 8Ll
3 199.3 190.1 0.0 8.3 3.3 144 364 9.0
4 1989 197.8 0.9 3.6 132 330 594 8.1
5 159.8  195.3 196.6 1845 146.2 16,8 49.4 66.9 853 101.2 10d.0
CONCEWTRATIONS  IN LAVER 10 AT END OF TRANSPORT STEP 5022, TIME STEP 1, STRESS PERIOD 1
1 2 3 4 5
BRI I RN TT I S T
2 200.0 1%9.1  1B9.6 1420
T 139.8  195.0 1387 4.8
4 200.0 19%.1 189.7 142.0 .
5 199.7 19¢.5 196.1 189.3 150.4
CONCENTRATIONS  IN LAYER 11 AT EWD OF TRANSPORT ITEP 5022, TIME STEP 1, STRESS PERTOD 1
L 2 3 4 5 6 ? L] 9 1 1 12 13
DT ieele  Tiaera a3l lesna’i7903 7 Thaale’THI8I8T 10301 TI0908 T anale hoee T esle eliz
2 189.5 19%.2 1977 187.4 147.5  B5.5  44.4 4l.2 513 716 B7.1 851 7Ll
3 199 199.4 1943 165.1 919  3a.8 1.8 8.2 14.6 317 548 0.4 6.5
a  199.5  18%.2  197.7  187.4 1475 85,5 444 4l2 513 7L 7.1 B8 Til 400
5 186.6 195.2 i%3.1  189.4 177.3  143.6 110.5 103.1 107.3 1120 1069  BA.6  BLZ  29.4
CONCENTRATIONS  IN LAYER 12 AT END OF TRANSPORT STEP 3022, TIME STEF 1, STRESS PERIOD 1
1 1 L] 0 11 1z 11 14
i Trieneeeld asln el Ts2iz sl Ties 1
2 11%.3  10a.7  sE.5 893 4.1 547 333 13
2 %6.9 8.3 9.0  89.8  62.3 66.5 443 19.9
4 174.4 . 115.3 1087 98,5  B9.3 4.0 547 33.3 T 135
5 1537 148.9 1378 131.% 12z.7  110.2  98.7  B6.0  #9.6 52.2 © 35.1  I9.5 7.1
CUMMULATIVE MASS BUDGETY AT END OF TRANSEORT STEP 5022, TTME STEF 1, STREIS PERIOD 1
™
CONSTANT CONCENTRATION:  0.0000000 -24.87505
CONSTANT HEAD:  0.0000000 0.0000000
MASS STORAGE {5OLUTE): 42.05521 -17,18066
ITOTAL):  42.05531 NoL -42.05572 oL
NET (IN - OUT): -0.4043578E-03
DISCREPANCY (EERCENT):@ -0.9614860E-01
IHT |
| 3D} Bnd of Model Output
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