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ABSTRACT

With recent advances in personél computer hardware and software, many contaminant transport
codes and large contaminant transport problems which were restricted to main frame. computers
can now be run on personal computers. The Deterministic-Probabilistic Contaminant Transport
(DPCT) model is one of these codes which was- original designed to run on a main frame

computer, and it has now been converted to run on a personal computer. The model is designed

to simulate contaminant transport in a vertical cross section, and accounts for advection,

dJspersmn, diffusion, decay and cation exchange fora smgle component. The model can be used
to simulate any type of water table or hydrostraugraphlc conﬁguratlon and a variety of boundary
conditions. The hydfaulic head values for the groundwater flow domain are solved utilizing a

triangular finite element grid and the Galel;kin method of solution for the grouridwater flow
' equation. The transport of contaminants is simulated through a particle tracking procedure which

represents the mass in the system with a large number of reference particles. The advective and
dispersive movement of the contaminant within a groundwater flow domain are simulated using a
random-walk approach to move the reference particles. This report describes the DPCT code and

serves as the user’s manué.l for the PC version of the model.
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~ 1. INTRODUCTION

Computer models are used to simulate the transport of contaminants within a groundwater
flow domain were initially developed during the 1970’s and 1980’s. These codes were designed
to run on main frame computers because personal computers were not widely available. Even as
personal computers became more common, typicai contaminant ‘transport simulations required
more computer memory than was available on the personal computers. Recent advances in
personal computer hardware and software has enabled many contaminant transp‘ox"t’ codes and
large contaminant transport problems that were restricted to main frame computers to now be run
on personal computers. ' '

The Deterministic-Probabilistic Qonté.minant Transport (DPCT) model is one of these
codes. The DPCT code was originally developed for the U.S. Nuclear Regulatory Commission to
evaluate possible groundwater contamination resﬁlting from the disposal of waste in various
subsurface waste repository scenarios (Schwartz and Crowe, 1980). The code was originally

designed to run on a mainframe computer but has been modified to run on a personal computer.

The model documented in this report is designed to simulate contaminant transport in a
vertical cross section. It accounts for advection, dispersion, diffusion, decay and cation exchange

for a single component. The model is sufficiently general to enable the user to specify virtually

any type of water table or geologic configuration, and a variety of boundary conditions. With the
information provided in the user's manual, changes to the computer code which may be necessary
for specific applications should be relatively easy to make. A major emphasis in the model
development has been placed on making it simple to use. To accomplish this goal, a variety of
featﬁres in the coding, output or program structure have been included. These features are
discussed in the following sections. Although care has been taken to insure that the code is free
from errors, we would recommend that users check their versions of the model carefully before
extensive use for system-related or other errors. '

The transport of contaminants is simiulated through a particle tracking procedure in which
the co;itaminant mass in the system is represented by a large number of reference pérticles. The
advective or deterministic component of transport is a function of the groundwater flow velocity.
The dispersiVé movement of the contaminant or probabilistic component of transport within a
groundwater flow domain is simulated using a random-walk approach to move the reference
particles. The hybrid detcmﬁniStic-probabﬂisﬁc technique was first developed and applied by '

Abhlstrom et al. (1977). In addition to the DPCT model, the technique has been used in other



codes (Prickett et al, 1981; Crowe and Schwartz, 1988). The DPCT model has been previously
discussed in detail (Schwartz, 1978; CGS, 1980). In addition to its demonstrated usefulness in
the evaluation of practical problems, the technique has been extended to the éva.luation of the
‘fundamental features of transport in a heterogeneous medium (Schwartz, 1977; Smith and
Schwartz, 1980). :

Several modifications have been made to the¢ DPCT model to enable it to run on a
* personal computer. The main modifications involved replacing the existing random rumber
generator, which was specific to a main frame computer, with one. designed to generate random
- numbers on a PC, and redefining the input and output devices. Several modifications were also
made to the code to aid in the ease of data input, to provide more descriptive output, and to allow
more flexibility in the scenarios simulated. For example, a single data entry map defines all values
for all the hydrostratigraphic units, a FORTRAN INCLUDE statements simpliﬁes the user’s
dimensioning of the code’s arrays, and the user may enter data using units of feet or meters.
Although modifications have been made, we left much of the code, input requirements, and

. format of the output, the same as in the original code in order to maintain consistency with the

original DPCT code. The present user’s manual has been changed to reflect the modifications to
" the original code. However, the user’s manual still retains its original format. Changes to the
user’s manual includes corrections, an elaboration on the theoretical basis for the contaminant

transport code, and discussions on the changes to the input, output and dimensioning of the

arrays. The example problems listed here are the same problems contained on the original user’s
manual, but have been rerun on a personal computer.

The purpose of this User’s Manual is to describe the personal computer implementation of

the Determiinistic-Probabilistic Contaminant Transport model. The development and verification

of the model are discussed in Section 2. Section 3 consists of a description of the computer
program, including a detailed examination of input and -output parameters. Section 4 presents
sample data sets and simulation results for two waste repositories in order to demonstrate the
operation of the model. ' ’

. This user’s manual has been written for version 1.2 of the personal computer- version of
DPCT. ' |
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2. THEORY OF THE MODEL

Advection and dispersion are the primary coritamifiant transpoit processes within a

groundwater system. Advective transport occurs when mass is transported by the movement of

groundwater in which it is dissolved. Thus, the direction and velocity of the contaminant
transport is generally assumed to coincide with that of the groundwater. Dispersion refers to
phenomena which act to produce solute mixing within a porous medium. The most important

© . causes of dlspersmn are macroscopic and microscopic mixing due to the structure of the porous

medium and molecular diffusion. The net results of this process is first, a spreading of the
contaminant in the longitudinal and transverse directions to -groundwater flow, and secondly, a
dilution in the concentration of a contaminant or a tracer at any point in a groundwater system.

Other important processes influencing the migration of contaminants are ion exchange and
decay (radioactive decay, transformation, degradation). Ion exchange refers to the replacement of
ions present in solution with those held by electrical chargc at the sl_l'irfac‘e of an exchange mineral.
The resulting effect is a reduction in the concentration of the contaminant at a point which is
equivalent to a reduction in the actual velocity of transport of the contaminant through the
medium.. ~Radioactive decay, expressed in terms of a half-life, describes the spontaneous -

_ breakdown of radioactive i ions in solution over a period of time. Degradation and transformation |

usually refer to the breakdown of organic compounds by various chemical, b1010g1ca1 or physical
processes. _The degradation rate constant or transformation rate constant is expressed as a half-

" life of the comipound. These an important process which may reduce the concentration of a

contaminant in a flow system.

These processes can all be mathematically stated in the following cquatiori, known as the
advection-dispersion equation (Domenico and Schwartz, 1990): :

.‘_'a oC d 2 nC)
"ax;(pwax) ax (‘ ) ; ___. ) _ 4a,1:‘-:-=l,2 ' (1)._

s/

where Dy is the hydrodynamic dispersion coefficient [L /’I'] C is the concentration in solution
[M/L 1, Vo is t_he average linear groundwater velocity in the o-direction [L/T], Rj; is rate of
production of constituent i in reaction j [MT/L?], n is porosity [0], t is time [T]. . A complete
discussion of the various terms in equation (1) is given by Bredehoeft. and Pinder (1973), Freeze
and Cherry (1979) or Domemco and Schwartz (1990).



Several models of mass transport in an active groundwater system involve a direct -

numerical solution to equation (1). An alternative method to simulate mass transport is the hybrid
* deterministic-probabilistic modeling technique (Reddell and Sunada, 1970; Schwartz, 1978). This
techn_ique represents a simple, yet versatile and powerful approach which can be applied to
domains consisting of complex hydrostratigraphy. The hybrid method addresses the fundamental
problem of describing the spread of a large number of moving reference particles within a region.
In practice, the reference particles, each with a given quantity of associated mass, are introduced
to a region where contaminant inflow occurs. The reference particles are then transported within
the domain. It is impossible to produce an exact mathematical description of individual particle
‘motion because several factors contribute to this motion. Statistical features of the motion of the
particle assemblage; however, provide a basis for representing an idealized pattern of motion for
individual reference particles. Because the position of individual particles is known within the
region, one can easily determine the distribution of contaminant mass associated with each
particle. This distribution can be expressed simply in terms of concentrations.

~ Next, we will consider in detail how the transport processes are represented in this
approach. The groundwater velocity field is determined by first calculating values of hydraulic
head. at node points which are located at the intersection of a set of rows and columns. The
hydraulic head distribution is determined by solving the following groundwater flow equatidn: :

a%(K ah)=0 ‘ | at=1, Ke=0fora=t = ' (VA%

at gx
T

where Kq. is the hydraulic conductivity [L/T], h is hydraulic head.

This equation describes the steady state flow of groundwater in a two-dimensional,
anisotropic and heterogeneous porous medium. Once these heads are known, average linear
groundwater velocities are determined at each element as follows:

hxa' —hxa i+l Xa
Vo T A, n ' @)

1In the model, velocity vectors for gfoundwater flow in both the x- and z-directions are
calculated for each triangular element. The velocity values are assigned to the centroid of an

" element, located at the midpoint of the cell in the x-direction and one-quarter of the cell width' "
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from both the top and bottom of the cell in-the z-direction, for the upper and lower elements,
respectively. It is assumed that the groundwater flow pattern is unaffected by the mass
distribution within the system. This assumption is made for many mass transport models to
eliminate the necessity of iterations. '

Each particle is displaced to represent the deterministic component of motion or advective

| transport. A velocity-is calculated for each reference particle in the region by interpolating values

from the two-dimensional grid of pore velocities. The velocity that is assigned to a particle is an
average of the velocity from the element containing the particle and the three surrounding
elements, weighted according to the distance from the centroid of the elements to the location of
the particle. Reference particles move along their respectiVe vectors a distance that is fixed by the
magnitude of the time-step, the pore velocity, and the direction of groundwater flow: -

X =X +VAt o | ' C))

Xt it=]

| where At is the size of the time step [T].

/ The new particle position is, in effect, only temporary because the effects of dispersion
have not been considered to this point. Dispersion is taken into account in the particle motion by
adding a random component to the deterministic motion. The character of this random motion is -
related to the‘dispersive character of the porous medium (Ahlstrom et al., 1977). Relocation of
any reference particle is accomplished by calculating displacements in the two coordinate
directions with equations of the following form (Ahlstrom et al., 1977):

X .
12 Le=1 1

x2.t = xz.t'-l + x‘l

©

where x| and x, are dispersion lengths [L] and v is the average pore velocity [L/T] defined as:

T [Z.a2 , | ' ~ o -
v—,/vl+v2 . . _ (©



_ The dispersion lengths, or distance that a particle travels due to dispersion, are functions
of the longitudinal and transverse dispersivity:

x, = 24D At(05-[Z1)) | | |
X, = ,/24D1At(05—[Z]:,) . | o

where Dy and Dr are the longitudinal and transverse dispersion coefficients, respectively [L*/T], .

[Z], is a random number between 0 and 1.

Readers interested in the derivations of (4) and (5) can refet to an excellent discussion by
Ahlstrom et al. (1977). Note that the dispersion process considered here is foﬁnulat’ec_l for an
isotropic porous medium. Accordingly, only two parameters, the longitudinal and transverse
dispersivity, are required to characterize the dispersive nature of the medium. Because a practical
dispersion model for anisotropic media does not exist, the isotropic formulation, occasionally used
as a first approximation, has been extended to anisotropic cases.

The reference particles and associated mass represent the contaminant. They are added to
the re_gioh where contaminants are generated. At the beginning of each new time step, a new set
of particles is defined at the contaminant source. These reference particles and those already
existing in the region are moved in the manner previously discussed. The rate at which the
contaminants enter the system is controlled either by fixing the number of reference particles and

“adjusting the mass attached to each or by fixing the mass and adjusting the number of reference
particles; our method makes use of this second technique. '

When only advective and dispersive pi'ocesses are considered, the quantity of mass |

associated with each reference particle remains constant. However, when decay or cation
exchange occurs, it is necessary to decrease the quantity of mass. The quantity of mass associated
with a reference particle at the end of a time period during which decay (radioactive decay,
degradation, transformation) is occurring is: '

m = m . e ‘ : )
[

where m is the mass of a particle [M] at the current time step, m;" is the mass of a particle [M]

at the previous timie step, A is the decay coefficient [1/T] where A = In(2) / tip.

6
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e@:nhbrmm exchange process descnbed in terms of a dlstnbut_lon coemcnent. The _formulanon
used here is slightly more general in that instead of the distribution coefficient, the user specifies
cation exchange capacity, selectivity coefficient and total cation concentration of the solution.
These parameters are related to the distribution coefficient in the following way:

K = cecf/C". f | - o (9)

where K, is the distribution coefficient [L*/M] , cec is the cation exchange coefficient [M/M], f is
the selectivity coefficient and C" is the total cation concentration of the solution [M/L3].

By summing the mass carried by each of the particles in a given cell and by determining
the volume of water in the cell, it is possible to calculate contaminant concentrations within the
region. - Concentrations in each cell are calculated by:

N =R} 2
Ci= n-V'+Kd n"Ci.t-A—l /(1+Kd n) (10)

where C;; is the concentration of the contaminant in cell i at the present time step [M/L?], p is the
number of‘partiéles in a cell, my is the mass of a particle [M], V is the volume of the cell [L’], Cisa
is the concentration of the contaminant in cell i dunng the previous time step [M/L’], and p is the
bulk density [M/LY]..

The solution of both the groundwater flow equation and the advection-dispersion equation
is subject to boundary conditions. Two types of flow boundaries can be assigned to the borders
of the region: either a constant head boundary or a no-flow boundary. Groundwater can recharge
to or discharge from the flow system at nodes only where constant head values are assigned,
otherwise, flow is parallel to these boundaries. Mass can exit from the region at zones of
groundwater outflow. Moving reference particles mtersectmg a no-flow boundary are simply
reflected instead of passed through the boundary.



3. THE COMPUTER PROGRAM

This section presents a brief description of the model. The first part includes a discussion
and the structure of the computer program. The second part presents a description of input and
output parameters and variables. - A few of the input and output features of the code have
changed from the original DPCT code (Schwartz and Crowe, 1980), and the following refers to
version 1.2 of the personal computer version of DPCT. :

3.1 Model Structure,

The basic sequence of operations of the model is illustrated in Figure 3.1. First, all input
data are read and printed to provide the user with a data echo. Data required for a simulation are
a description of the domain, boundary conditions and hydraulic parameters, the chemical and
physical properties of the contaminant and parameters to control the simulation. In the next step,
the nodes, coordinates and elements of the 'linea_r’triangular'ﬁnite element grid are constructed and
values of hydraulic conductivity, porosity, dispersivity and cation exchange capacity are assigned
to the appropriate elements and cells. '

Following this step, a linear triangular finite element model, based on the Galerkin
formulation (e.g. Pinder and Frind, 1972; Pinder, 1973), is used to simulate the steady state head
distribution in the region of flow. Only a summary of this procedure is presented below and

readers are referred to Pinder and Frind (1972) and Pinder and Grey (1977) for a complete’

theoretical development and description of this method.

The finite element method provides a direct solution to equation (2) by approximating the
differential form of equation (2) by smaller, simpler equations known as shape functions. The
shape functions are linear because the shape of the element side is linear (i.e., 2 nodes per side).
Higher order elements with quadratic or cubic sides are available, but the added computer storage
and execution time costs would not offset a slightly improved solution offered by these functions.

. : \

Utilizing the head values, average linear groundwater velocities or pore velocities in the

two coordinate directions are calculated at two points within each cell: one in the upper element

and one in the lower element comprising a cell. These pore velocity values are calculated by

substituting the hydraulic heads and hydraulic conductivities into the Darcy equation and dividing
by the effective porosity of the medium.

J
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Finally, the mass transport problem is solved by tracking reference particles with their associated
mass through the porous medium. A specified number of particles are added to the region at the
contaminant source at the beginning of each time step. By varying the number of particles added
during a time step, source functions that are variable in time can be approxima‘téd.

At the beginning of each time step, a velocity for each reference particle is obtained by
linear interpolation from the surrounding nodal values. Each particle moves to an interim position
along respective vectors for a distance that is determined by the magnitude of the time step. The
particle is relocated by the random compdnent of motion in the vicinity of the interim position.
Finally, the concentration of the contaminant is calculated in each cell within the domain, and

appropriate time-step size. If the step size is too large, moving particles can be moved over very
large distances causing particles to end up occasionally at unrealistic locations.
‘ / _ :

The model is designed to loop through the number of time steps'deﬁned by the user. At
~ each time step, a new particle distribution is calculated. Options are available to output various
values on the line printer or to plotting files. Data in this latter form can be kept for plotting or
other manipulation. ' '

The briginal DPCT codé was programmed in FORTRAN IV and run and tested using the |

AMDAHL 470V/7 computer at the University of Alberta. The present version of DPCT,
modified to run on a personal computer, was programmed in FORTRAN 77, compiled with the
Microsoftt FORTRAN Optimizing Compiler (version 5.00), and tested on both 486 and
Pentiume PCs. - A complete listing of the programming code is presented in Appendix 3.
Basically, the computer program consists of nine parts; the main program, seven subroutines:
FEGRID, HEADS, SOLVE, VELCTY, TRANS, RANDO, ESCAPE, and one INCLUDE file.
These segments are discussed in detail below.

3.1.1 Main Program

The purpose of the main program is to read the input data, provide a data echo, and
control the sequence of program steps in the simulation by calling the subroutines. None of the
actual simulation steps are carried out in the main program. In order to simplify the use of the PC
version of DPTC, a FORTRAN INCLUDE file is used for specifying the array sizes. A more
specific description of the input necessary for a simulation is discussedin the following sections.

10



3.12 Subroutine FEGRID

A linear triangular finite element model is used to calculate the steady state head
distribution at the nodal points in the cross section, The finite element grid superimposed over the
cross section is regula’i‘ (ie., constant node spacing in the coordinate directions). Because such a
simple grid is easily generated within the model, the data necessary for a simulation is reduced
considerably. The only information required to construct the finite element grid is the number of
rows and columns of nodes, the horizontal and vertical spacing between nodes and the row
number of each column which corresponds to the position of the water table. |

The subroutine first fills two vectors with the coordinates of thé nodes. Nodes are

numbered consecutively from 1, starting at the lower left corner of _the region and moving:
“upwards to the position of the water table, and then back to the bottom of the -next column,
repeating the procedure. Constant head nodes are designated as. such within the program, in a

separate vector. Following this, the elements are constructed and numbered sequentially upwards

‘from the lower left comer (two elements to a cell) and so on for each column of cells. The

element incidences are numbefed in a counter-clockwise direction. Finally, the hydraulic
conductivity values are assigned to the elements. | ' ‘

3.1.3 Subroutine HEADS

Subroutine HEADS calculates the steady state distribution of hydraulic heads for the cross

- section. The basic theory of the finite element method which is used to calculate the head values

has been discissed previously. The subroutine requires the input of the finite-element grid and the
hydraulic conductivity of the elements (both from subroutine FEGRID), the location of the water

table and any constant head values. The total head values at each node in the groundwater system

can be output on €ither the line printer, or a disk file (for plotting), or both.

Head values are calculated by sequentially progressing through the finite elements in the

-grid. For each element, an element conductivity matrix is formed from the element shape

functions. The individual element conductivity matrix values are then assembled into a global
conductivity matrix, accounting for all elements in the grid. The flux vector, which describes the
flow across element boundaries is then assembled. - Once these steps are complete, the global
conductivity matrix, which is a symmetric and banded matrix, is decomposed using the Cholesky
square root method, by subroutine SOLVE, to facilitate the solution of unknown head values as a
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- system of linear equations. The equations are solved in subroutine SOLVE to obtain the values

for the unknown hydraulic head. The head vector is expanded within subroutine HEADS, with
the known constant head values inserted in proper sequential order.

3.1.4 Subroutine SOLVE

Subroutiné SOLVE uses a form of the LU decomposition, known as the Cholesky square

root method, to decompose the global conductivity matrix and, ultimately, to yield the solution -

for the hydraulic head distribution. This decomposition method is applied to matrices that are
symmetrical. A coefficient matrix of a system of linear equations in such form can be rapidly and
efficiently solved. The global conductivity matrix, assembled in subroutine HEADS, is
transformed into thé dpper’ triangular portion of the matrix (the lower triangular matrix is the
same) and stored in the original matrix, thus, economizing storage. A special feature of this
particular subroutine is that it is designed to work with banded matrices. In the case of the global
co'riductivity matrix, the width of this diagonal is equal to the bandwidth parameter calculated in
the main program. Subroutine SOLVE also decomposes the upper triangular matrix and employs
back substitution to solve for the unknowns in a system of linear equations. The terms of the
system of equations in matrix form are the decomposed global conductivity matrix (the upper

) triangular matrix), the flux vector from subroutine HEADS, and the vector of unknown head
values which will contain the calculated steady state head distribution. This subroutine
corresponds to Weaver's (1967) subroutines DECOMPOSEBAND and SOLVEBAND, and the
reader is referred to his work for further details.

3.5 Subroutine VELCTY

The movement of the contaminants is controlled pnmanly by the ‘velocity of groundwater
flow. A veloc1ty field is generated in this subroutine from the head values calculated in subroutine
HEADS, hydraulic conductivity and porosity values of the various cells. The velocity values
calculated are average linear or pore velocitiess, presented as equation (3) in the previous section.

Velocity values in both coordinate directions are calculated for each element from the
surrounding nodal head values. Thus, velocity values are calculated for two points in each cell.
These ‘poir'ltﬁs are located at the midpoint of the cell in the x-direction and one quarter of the cell

width from both the top and bottom of the cell in the z-direction. Two arrays are used to store -
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~ the Velociiy values. Starting at the second row and the second “column, ‘velocity values are
~ calculated and inserted into the arrays. Velocity values of cells above the water table are assigned

a value of zero. Velocity valiies are ass1gned to the first and last columns,and first row to control
the movement of particles. To prevent the partlcles from leaving the region across a no-flow -

“boundary, these values are equal to -vy, V; in the first and last columns and vy, -v; in the first row,

where v, is velocity in the x-direction and v, is the velocity in the z-direction, thus, causing

 particles to be reflected back across the no-flow boundary and into the groundwater flow system.

Along a discharge or recharge boundary, the velocity values are assumed to be equal to those in
the adjacent cells, thereby allowing particles to leave the region.

3.1.6 Subrouitilie TRANS

Subroutine TRANS is the mass transport portion of the model. The subroutine is
designed to move the contaminant particles through the groundwater system according to the

'determm1st1c-probab1hst1c modeling techniques discussed in the previous section. It is

recommended that a large number of particles be used durmg a simulation (thousands), in order to

provide a dlstnbutlon of mass which is statistically accurate.

Initially, particles are randomly placed along a horizontal line across the middle of the cell
tepresenting the contaminant source (ie. the position of the particles defined by an x and z
coordinate). Particles in the entire system are moved one at a time during any one time s‘tep.
First, the components of the velocity for each particle are interpolated from the groundwater
velocity values at the four surrounding velocity values. The particle is moved with both a
deterministic and random motion to represent advective and dispersive transport, respectively.
The magnitude of the random motion is determined by the dlsperswlty, velocuy, diffusion
coefficient, ume-step size and uniformly distributed random numbers.

The position of the particle is checked to determine whether or not it has encountered any

- boundary conditions (such as a no-flow boundary, movement beyond some confining layer or

discharge to the surface). Dependmg upon the conditions involved, the particle may be relocated

It is sometimes necéssar‘y‘ to limit the movement of particles in some parts of the cross -
section. A specific example is a case where there are units with extreme contrasts in hydraulic
éond‘uc’tivity within the region. Because these two units would have a relatively marked
variability. in veloc1ty, an appropnate time-step size for the entire region might be to0- small to
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produce any contaminant movement in a low velocity unit. Hence, contaminants might only move
a very short distance (less than one cell). Thus, it is only possible to simulate particle transport in
the very low conductivity units with a large time step. However, using a large time step when the
particles are outside of the confining zone could reduce accuracy or improperly locate the
particles. To overcome this problem, a feature has been added to the model which will cause
particles to remain stationary once they enter specified portions of the entire region (usually the

high velocity zones). A particle transport code is available to designate cells where the particles

are allowed to move arid cells where the particles are effectively removed from further transport
“within the model. The distribution of particles in either of these zones and the concentration of
the particles in the zones of movement are determined and may be output.

~* Once the mass of each particle has been adjusted to account for decay or cation exchange, -

' concentration values are calculated for each cell. Concentration is determined by summing the
total mass of contaminant in the cell and dividing by the volume of water in the cell; DPCT

assumes a unit thickness. This sequence of operations is repeated for each particle in the syster,

after which new i)arﬁCles are added to the source cell at the start of the next simulation cycle.

3.1.7 Subroutine RANDO

The movemeht of the reference particles is controlled by deterministic (advective
‘transport) and probabilistic (dispersivé transport) components of particle motion. One
requirement for the calculation of the probabilistic motion is the generation of uniformly
distributed random number in the range of 0 to 1. Subroutines that generate random numbers are
machine dependent. Subroutine RANDO (Press et al, 1992) generates random numbers in the
range of 0 to 1 by the overflow of a single precision integer variable, This subroutine is designed
for applications on personal computers that have a 32-bit word. If a computer other than a
personal computer is used, it may be necessary to replace this subroutine.

1

3.8 Subroutine ESCAPE

This subroutine calculates the minimum time required for a particle to leave from the

midpoint of a cell in either of the coordinate directions. Its principal purpose is to aid in the

construction of a controlling matrix to restrict the movement of particles to only some of the cells
- and to help in the choice of a time step for transport simulations.
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A matrix of escape time values is defined for cells in the region. Average velocity values

.in the coordinate directions for a cell are found by averaging the velocity values of the two

elements in the cell. The time to leave the cell in both coordinate directions is found by dividing
each of the half-cell dimensions by the appropriate velocity component and choosing the minimum
time. A value of 10* is assigned to the cells above the water table. The antilog of the minimum
time in either direction represents the escape time for that cell. These values can be written as
printer output or as a disk file. In practice, the time step for the transport simulation is
determined from these minimum escape times. As a guide, the smallest escape time in the region

- over which transport will probably occur is chosen, half of that value is then taken and adjusted

slightly ipwards or downwards to give a rounded value.

3.1.9 INCLUDE File

For simplicity, a FORTRAN INCLUDE file is used for specifying the array sizes. This file
is accessed by the main program and all subroutines. Hence, although the user is required to
change the dimensions of the arrays in order to run a specific problem, changes in the
dimensioning of the arrays only needs to be done in the INCLUDE file. The storage required by
the arrays is outlined in Appendix 2. :

3.2. Input and Output Operations

3.2.1 Input

Data required as input to the model are disé_ussed in this section. The user has the option
of undertaking the simulations using length units of either feet or meters. For example, the grid
spacing would have units of feet or meters, hydraulic conductivity has units of ft/day or m/day. -
The units of time must be in days, and units of mass must be input in milligrams. A user's guide

' containing a list of input péramete‘rs’ and variables, units for all appropriate input parameters, and
- the input file setup, is presented in Appendix 2. Appendix 4 contains two example input files.

Sixteen program control parameters (IC) are used in the program to control the nature of
the simulation and the type of output required. If the user wishes to choose one of the particular
functions, IC should be set to the logical value “T” (a value of “F” indicates that the option or
output is not required). The user has the option of running various routines, such as:

- 15



ICQ) : Tun the mass transport routine

IC(7) : calculate the velocity field

IC(9) :calculate the escape time values for a particle to leave a cell
IC(16) : use length units in metres (*“T”) or feet “F”)

The finite element grid and head distribution are automatically calculated. Several groups
of calculations may be output to a printer:
- IC(2) :node coordinates

IC(3) : finite element incidences
IC(4) :hydraulic conductivity of the element
IC(5) :total head values
IC(8) : the velocity field
IC(10) : the time step guide

| IC(12) : particle and concentration distributions
IC(15) :distribution bf non-moving reference particles

Also, the following information may be output to a disk file:
IC(6) : head distribution :
IC(11) :time step guide .
IC(13) : distribution of reference particles
IC(14) ' : particle concentration distribution

. The grid for the model is a regular array of nodes and elements. This grid is constructed
‘within the program according to the user's input parameters. The user must specify the number of
rows (NROW) and columns (NCOL) of nodes and the vertical (DELZ) and horizontal (DELX)
spacing between nodes. '

The cross section may contain up to 9 different hydrostratigraphic units (NGEOL), with
different values of horizontal and vertical hydraulic conductivity (KHORZ, KVERT), porosity
(POR), loilg’it'udinal dispersivity (DISP), cation exchange capacity (CEC), and the bulk density of
the porous medium (BULK). The units are defined as an array (MAPGEO) by assigning a
numbered code, from 1 to 9, to represent the presence of a specific hydrostratigraphic unit at each

cell within the domain. The codes are entered one row at a time starting with the uppermost row, _

and having one code value assigned to each cell on that row. Each subsequent lower row in the
cross section starts a new line. The values of the parameter assigned to a hydrostratigraphic unit
(KHORZ, KVERT, POR, DISP, CEC, BULK) are input with the hydrostratigraphic unit
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identifier IDGEO) corresponding to the unit in the cross section. One line is entered for each

hydrostratigraphic unit. Also, entered on this line are the codes to indicate whether or not a

particle is allowed to move within the specified unit. As illustrated in the example in Appendix 4, .
a simple graphical representation of the cross section for the particular variable is formed. This
style of data input facilitates convenient entry of data for complex settings, rapid alterations, and
easy checking of input data.

Several hydrogeologic parameters are requifed to estimate the steady state head
distribution. First, the location of the shape of the region along the upper and lower boundaries -
must be defined by identifying the row, for each column of nodes, that best approximates the
position of thé water table (IDWTR) and the base of the cross section I(IDBBR). Second, any
node within the domain, including the top (i.e., water table), left, right or bottom boundaries or
interior portion of the grid, may be set to a constant head condition. Nodes which are assigned a
constant head value are identified by their row (II) and column (JJ) location within the grid. The
constant head values (CHVAL) are entered along with the row and column identifiers. One
advantage of being able to assign constant head values along all the boundaries is to allow the
user the flexibility of simulating a smaller piecd of a much larger cross section in more detaxl. »

~ Also, the user also enters the angle of inclination of hydraulic conductivity (ANGLE).

Reference particles are introduced to the system at specified cells within the cross section.
The number of cells that receive particles as they are introduced (NRCELL), and the location of
each of these cells, defined by the cell's column (LCOL) and row (LROW) location, are entefed
by the user. The number of particles that are added at each time step to all cells (NPER) and the
initial mass of each particle (MASSI) must also be input by the user. The user is required to
entire a value for the coefficient of bulk diffusion for the contaminant (DIFF). Typical values can
be obtained from Domenico and Schwartz (1990), Other input parameters required to simulate
the reactions affecting the contaminant during a simulation include the selectivity coefficient for
cation exchange (SELC), the half-life of the contaminant (HAFLIF), and the total concentration
of the contaminant in solution (SOLUTE). If the contaminant does not undergo decay '
(radioactive dccay, -degfadation, etc.), enter a value less than 0. For some simulations, as

indicated previously, it may be necessary to limit particle motion within parts of the region. A

binary code array (PTCI) is used to indicate in which cells particles can be transported (PTCI =
“T*) and in which cells they cannot (PTCI = “F”). Once a particle enters one of the latter cells, it
is, assumed to be lost from the system. However, the location of the particle is known because
the total number of particles in each of these types of cells is output. :
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user. The length of the simulation is defined by the number of time steps (NTIME) and the length
of the time steps (DELT); DELT is constant throughout a simulation. The user specifies the
number of time steps that pass before a set of simulation results is prmted (NSKTP). For example,
a value of NSKIP = 5 would result in output at time steps 5, 10, 15, etc. Although the
simulations would calculate values for each time step, output would not be generated for time
steps 1-4, 6-9, 11-14, etc. | '

322 Output

The model will produce an echo of the basic input data and a i/ariety of optionai output.
Appendix 5 shows some examples of the various output, which are discussed below.

The basic output consists of the problem title; the program control parameters; all
hydrostratigraphic, and contaminant parameters and variables; a listing of the constant head
nodes; the map hydrostratigraphic units, as well as the values of the horizontal and vertical
hydraulic conductivity; cation exchange capacity, longitudinal dispersivity, porosity, bulk density,
and the particle transport code, assigned to each of the units; and a summary of the element grid
parameters.

The optional output includes those values discussed in the previous section, selected by
setting IC to the logical value “T”. Output is normally directed to a printer or to a disk storage
file for later use. Plotting routines have not been included.

The output for the mass transport simulation represents a summary of the distribution and
concentration of the particles at selected time steps. User-controlled parameters are available to
control the size of the time step (DELT), the total number of time steps (NTIME) and the number
of time steps that pass before the results are printed (NSKIP). |

18
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4. SIMULATION EXAMPLES

In this section, two examples of simulations of contaminant rmgrauon from a buried
source are presented. In order to maintain consistency with the original User’s Manual (Schwaﬁz
and Crowe, 1980), the same examples are presented here. However, because of changes to the
code (e.g., a different random number generator) and recompilation and execution on a PC, the
results are slightly different. - These examples were selected from the many trial simulations that
have been used to test the model. The results of other simulations are presented in CGS (1980).
The pmnary purpose of these examples is to illustrate the pfepafation of a model grid for a cross
section, the setup of input data and simulation results for a transport problem.

41 Examplel

The geological framework depicted here is typical of a layered sequence of sedimentary
rock in which a waste repository may be located (Figure' 4.1). The sequence consists of five
hydrostatigraphic units with the lower two intersected by a vertical fault zone. The entire
sequence is inclined at a slope of approximately 100 feet per 8400 feet. The water table, where it
is defined in the upland area, is assumed to follow the trend of the ground surface. The hydraulic
conduct1v1ty, porosity, longitudinal dispersivity, cation exchange capacity, and bulk density values
assigned to the five hydrostratigraphic units and the fault zone are presented in Table 4.1.

Table 4.1. Geological parameters, example 1.

Hydrosrat Kh' - =~ Kv' porosity 10ng1tud1nal cec’ © bulk
Unit ' - dispersivity’ - density*

1 50x10" - 1.4x10° 3.0x10" 5.0x10° 1.0 x10? 1.0 x10°
2 1.0x107 1.0x10° 3.0x10" 50x10°  1.0x10" 1.0 x10°
3 1.0x10° 1.0x10¢ 3.0x10? 5.0x10° 1.0 x10! 1.0x10°
4 40x10"  7.0x10" 3.0x10" 5.0x10° 1.0x10* 1.0 x10°
5 5.0x108 50x107  3.0x10? 5.0 x10° 1.0 x10" 1.0 x10°
6

4.0x10° 70x10"  3.0x10®2  5.0x10° 1.0x10°  1.0x10°

UNITS: 1:fYday  2:ft  s:mgkg gl

For convenience, the rectangular grid that is imposed over the cross section is also
inclined. In order to optimize the number of rows and columns, the cross section is discretized to
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” fomi a regular r‘wt‘anQul_ar grid of 45 cdlurnns and 17 rows with a vertical node spacing of 150

feet and a horizontal node spacing of 6931 feet (Figure 4.1). With the inclined section, only the
upper fow of nodes (row 17) was necessary to define the shape of the upper boundary. Constant
head values (tepresenting a water table) were assigned to the nodes of columns 1 to 23 and
column 45. The head is calculated at the other 21 nodes (Table 4.2), which in effect is a zone of
no-flow. The other three boundaries are no-flow boundaries. '

Table 4.2. Cons‘t‘anﬁ_head values along the water table, example 1. |

row column head(ft) = row column head (ft) ‘row column head (ft)
17 1 -6100. 17 2 . 6075. 17 3 6050.
17 4 6025. 17 5 5925. 17 6 5750.
17 7 5600. 17 8 5525. 17 9 5500.
17 10 - 5475. 17 11 5415. 17 12 5355.
17 13 5295. . 17 14 5235. 17 15 5175.
17 16 5115. 17 17 5055. 17 18 4995.
17 19 5935. 17 20  4875. 17 21 4815.

17 22 4715 17 23 -4615. 17 45 2500

The contaminant chosen for this example d(';es not undergo degradation or decay, hence a
value of -1 is entered to indicate an infinite half-life. One cell, located at column 16 and row 6,

‘was chosen to be the source of contaminants. The initial quAntity of mass added to each of the

movifig particles is 500,000 mg. Parameters defining the properties of the contaminant and
characteristics of the contaminant interactions with the porous medium are listed in Table 4.3.

Table 4.3. Contaminant parameters, example 1.
-radioactive half-life: o o days
total concentration in solution: 0.1 mg/lL .
selectivity coefficient for exchange: 00 .
bulk diffusion coefficient: 2.8x10° fi

initial mass added: : 500,000.0 mg

The contaminant is added to the system as a set of particles located randomly along the |
'mid-line of the waste repository cell. For the case presented here, the movement of particles is
simulated through 25 time steps, each with a size of 1.825 x 107 days. One hundred particles are
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added to the waste repository at the beginning of each time step and moving particle and

concentration distributions are written after every five time steps.

Because much of the initial particle movement is in low hydraulic conductivity units, a
large time step is utilized for the simulation. However, problems will arise when particles enter
the zones with much higher hydraulic conductivities. Thus, the movement of particles, as defined

by the particle transport code, is only permitted in the disposal unit. Once particles have exited
from this unit, it can be assumed that they have essentially reached the biosphere. The input file
for this case is contained in Appendix 4.

The resultant head distribution and particle distribution are shown in Figure 4.2. In

addition, Appendix 5 contains the printed output for this example. The results presented here are

only for illustrative purposes. A more complete discussion of their significance can be found
elsewhere (CGS, 1980). :

42  Example 2

The second geologic system that is used to illustrate the input data is depicted in Figure
4.3. The cross section represents a granite mass (pluton) underlying a layered sequence of
siltstone and shale. The granite has a distributed fracture system which is assumed to be
sufficiently dense to be c,onsiliere_d as a representative porous medium at the scale of the
simulation. This granite is selected as a host rock for a waste repository. The rectangular grid

that is used to discretize the cross section is shown in Figure 4.3. The geologic parameters for the

Example 2 are summarized in Table 4.4.

Table 4.4. Geological parameters, example 2.

Hydrostrat ~ Kh' KV porosity  longitudinal cec’ bulk
Unit | dispersivity’ density*
1 0.0 0.0 0.0 0.0 0.0 0.0
2 1.0x10% 1.0x107 30x100  50x10° - 1.0x10" 1.0 x10°
3 5.0x10? 5.0x10? 3.0x10? 5.0x10° 1.0x107  1.0x10°
4 1.0x10™ 1.0x10? 3.0x10"  5.0x10° 1.0x10* 1.0x10°
5 1.3 x10? 1.3x10™ 1.0x10™ 50x10° °~  1.0x107 1.0 x10°

UNITS: 1:fyday  2:ft 3:mg/k; V 4V:g/cm3
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As in Example 1, the rectangular grid is comprised of 45 columns and 17 rows of nodes.
However, the node spacing in the horizontal and vertical directions is now 500 feet and 150 feet,
respectively. The sloping water table is represented by decreasing the row position of the upper
boundary of the flow system. Constant head values are assigned to all 45 nodes along the water
table (Table 4.5). Cells above the water table (i.e., outside of the flow region) have a value of
zero -assigned to the hydraulic conductivity, porosity, longitudinal dispersivity and cation
exchange capacity. '
Table 4.5. Constant head values along the water table, exa‘mpie 2.

N

row column head(f) = row column head (ft) row column head (ft)

11 1 3800. ‘ 1 2 3810. 11 3 3820.
11 4 3830. 11 5 3840. 12 6 3850.
12 7 3862. 12 8 3874. 12 9 3887.
12 10 3900. ' 12 11 - 3915. : 12 12 3930.
12 13 3945. 12 14 3960. 13 15 3985.
13 16 3990. 13 17 3994, - 13 18 3995.
13 19 3996. 13 20 3997. , 13 21 3998.
13 22 3999, 13 23 4000. 13 24 4001.
13 25 . 4002. 13 - 26 4003. 13 27 4010.
13 28 4025. 13 29 4040, / 14 30 4055.
14 3 4070. 14 32 4095. 14 33 4110.
14 34 4125. 14 35 4140. 15 36  4070.

- 16 37 4240. 16 38 4295, - 17 39  4350.
17 40 4360. 17 4] 4390. 17 42 . 4403.
17 43 4410. 17 44 4415. 17 45 4420.

The waste depository is located in the cell located at column 35 and row 3. As in the first

. example, the contaminant is assumed to not undergo decay or transformation. Hence, the infinite

half-life of the contaminant is represented in the simulation by assigning a value of -1 in the input
data set. The parameters defining the properties of the contaminant and the character of the
chemical interactions are listed in Table 4.6. :

In this case, the simulation moves through 25 time steps with 100 reference particles
added to the depository at the beginning of each time step. The size of the time step is 1.50 days.
Results are listed every 5 time steps. The reference particles are allowed to move only in the
granitic host rock, as indicated by the particle transport code. |
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Table 4.6. Contaminant parameters, example 2.

radioactive half-life: : oo days
total concentration in solution: - 0.1 mglL
selectivity coefficient for exchange: ' 0.0

bulk diffusion coefficient: 2.8x10* ft

initial mass added: ‘ 141.0 mg

The input file for this case is contained in Appendix 4. The resultant head distribution and -

particle distribution is illustrated on Figure 4.4. The printed output is not provided for this
example. Further discussion of the results of this example can be found in CGS (1980).
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DEFINITIONS

A number of terms are used extensively thrOugho_ut this manual and the computer program. To

clarify their meaning, a brief definition of each of these terms is presented below:

parameter; a value that remains constant during ;he simulation (defined or read only once, at the

beginning of the simulation).

variable: a value that changes during the course of the simulation (thés‘e values are typically read
or determined within the program at each time-step). - .

row : a string of _nodes, elements, cells, etc., on the s_anie-hor‘izohtal level (see:Figvure A-1).

column : a string of nodes, cells, elements, etc., on the same vé.rti_c’al level (see Figure A-1).

X- direction: analbgous to horizontal diréction.
z - direction: analogous to vertical direction.
cell: a block of the cross section bounded by four corner nodes (see Figure A-1).

node: a point at the intersection of the grid lines in the cross section, defined by a row or column
number, x or z coordinate (see Figure A-1). ' '
|

element: a triangular portion of a cell, used by the finite element method to calculate the head

. distribution (see Figure A-1).

unit: a group of cellé that have a common geologiéal or hydrogeological property, similar to an
actual stratigraphic unit (see Figure A-1). - ' '
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Dimensioning of the Array

The include file ‘dpct.inc’ contains array vanables that must be properly dimensioned in order for the code
to run. This include file contains several PARAMETER statements which can be modified to handle
problems of different size. Any changes in the size of the domain can be made directly in the ‘dpct.inc’

- file, and modifications to the program itself are unnecessary. The PARAMETER statemerits shown below

are the only statements that will have to be changed for larger problems. Note that some of the
PARAMETER statements do not have values associated with them; rather, they contain simple equations
based on the values of other constants specified previously. These PARAMETER statements that contain
equations (i.e., maxnxe, maxnze, maxin, maxne) should not be changed. The PARAMETER statements
do not have to match exactly with the size of the problem; they must simply be at least as large as the
problem. The following information provides a basis for dimensioning the arrays in the ‘dpct.inc’ file:

PARAMETER (maxnx = 45,maxnz = 10)

PARAMETER(maxnxe = maxnx-1, maxnze = (maxnz - 1)*2)
PARAMETER(maxnn = maxnx * maxnz, maxne = maxnxe * ‘maxnze)
PARAMETER(mxzone =10) - .

PARAMETER (mxchd = 20)

PARAMETER(maxbnd =12)

PARAMETER(maxtim = 25)

PARAMETER(maxpart = 25)

PARAMETER(maxnrc =1)

where: maxnx = maximum number of columns of nodes
maxnz = maximum number of rows of nodes
maxnxe = maximum number of columns of elements
mazxnze = maximum number of Tows of elements
maxnn = maximum total number of nodes
maxne = maximum total number of elements
mxzone = maximum number of zones
mxchd = maximum number of constant head nodes
maxtim = maximum number of time steps
maxbnd = maximum bandwidth
maxpart = maximum number of particles '
maxnre = maximum number of cells that initially receive particles

" Arrays

The following is a list of arrays that require the above constants as defined by the PARAMETER
statements. These arrays are dimensioned in the ‘dpct.iric’ file, but size of the arrays does not have to be
changed by the user for problems of various sizes. _

REAL*8 G(maxnn, maxbnd), GC(maxnn, mxchd), HEAD(maxnn), F(maxnn)

REAL KX(maxne), KZ(maxne),CHEAD(mxchd), VX(maxnxe, maxnze), VZ(maxnxe, maxnze), X(maxnn),
* Z(maxnn), DISP(mxzone), POR(mxzone), CEC(mxzone), KHORZ(mxzone), KVERT(mxzone),
BULK, (mxzone),PHI(maxnx, maxnz),XPOS(maxpart), ZPOS(maxpart), MASS(maxpart),
CONC(maxnxe, maxnze), CONCR(maxnxe, maxnze), CONCP(maxnxe, maxnze) EXT (maxnxe,
maxnze), CHVAL(maxnx, maxnz)

INTEGER*2 IDBBR(maxnx), IDWTR(maxnx), LC(maxnx), MAPGEO(maxnxe, maxnze),
NPCELL(maxnxe, maxnze), NPGONE(maxnxe. maxnze), LROW(maxnrc), LCOL(maxnrc),
IN(maxne,3), NPER(maxnr¢, maxtim)

LOGICAL*1 TYPE(max_nn).PTC(maxnxe, maxnze),IC(16)
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Problem Identifier

TITLE + Any title up to 80 characters
Program Control Parameters
This list of cotitfol parameters contains logical variables (T/F). K
IC(1) : Run the mass transport routine
1C(2) : Print the nodal coordinates
IC(3) : Print the finite element incidences
IC(4) : Print the elemental hydraulic conductivities
IC(5) : Print the total head values
IC(6) : Output the total heads to a plotting file
IC(7) : Calculate the velocity field
IC(8) : Print the velocity field
1C(9) : Run the particle escape time routine
IC(10) - :Print the particle escape time field
IC(11)  : Output the time-step guide field for plotting
IC(12)  : Print the particle and concentration distributions
IC(13) : Qutput the reference particle distribution for plotting
IC(14)  : Output the concentration distribution for plotting
IC(15)  :Print the distribution of non-moving reference particles
IC(16) : Length units in métres (T) or feet (F)
Cross-Section Parameters
NROW  : Number of columns of nodes
NCOL  : Number of rows of nodes
NGEOL  : Number of geological units
"DELX :Horizontal node spacing (m or ft)
DELZ : Vertical node spacing (m or ft)
IDWTR  : Rownumber (of each column of nodes) that defines the position of the water table
IDBBR  :Row niumber (of each column of nodes) that defines the bottom of the flow system
MAPGEO Code identifying cells in each unit .
Hydraulic Parameters
. NCHEAD : Number of constant head nodes
ANGLE : Angle of inclination of Kh and Kv from a horizontal plane (degrees)
] : Column location of constant head node
JJ : Row location of constant head node
CHVAL : Constant head value
I . :Geological unit number
KHORZ : Horizontal hydraulic conductivity (m/d or fi/d)
KVERT  : Vertical hydraulic conductivity (in/d or ft/d)
POR : Porosity
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Contaminant Parameters
NRCELL  : Number of cells which initially receive contaminarits
SOLUTE : Total coricentration of the contaminant in solution (mg/L)
SELC  : Selectivity coefficient for exchange
BULK  :Bulk density of the geologic medium (g/em®)
HAFLIF  : Half-life of the contaminant; negative value if nio decay (days)
. MASS| :Initial mass of the particles (mg) :
LCOL : Column identifier for cells which initially receive the cofitaminani
LROW  :Row identifier for cells which initially receive the contaminant
NPER - : Number of contaminant particles added. during each time step
DISP : Longitudinal dispersivity (m or ft)
DIFF '+ Coefficient of bulk diffusion (m’/d or f¥/d)
. CEC : Cation exchange capacity (mg/kg)
PTCI : Particle transport ¢ode idenitifier for the geological uriits
/Time-Step Parameters
NTIME  : Total niumiber of tifhe steps
NSKIP  : Number of time steps that pass before results are pnnted
: Size of the time step (days)

DELT
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Input File Instructions

The variables and parameters that are input into the program must conform to the order, format and
- columns of the following lines (example input files are presented in Appendix 4):

1
2
3

61

10

114

Notes: (1) Repeat line 6 for each receiving cell (NRCELL)
(2) Repeat NPER for each time step (NTIME)
(3) Repeat entries for each constant head node (

' VARIABLE
TITLE
iIC

NROW
NCOL
NRCELL
NTIME
NSKIP
NCHEAD
NGEOL
DELX
DELZ
DELT
ANGLE
SOLUTE
SELC
HAFLIF
MASS|
DIFF

LCOL
LROW
NPER?

IDWTR
IDBBR .

I
JJ
CHVAL
IDGEO
KHORZ
KVERT
POR
DISP
CEC

PTCI
BULK
MAPGEO

FORMAT
20A4
1612

15
15
15
15
15
15
I5

F10.0
F10.0
F10.0
F10.0

F10.0
F10.0
F10.0
F10.0
F10.0
5

5
1415
1615
2513
2513
13

13
F6.0

15

E105
E105
E10.5
E10.5
E10.5
L5

E10.5

80N

COLUMNS
1-80 '

1-5

6-10
11-15
16-20
21-25
26-30
31-35

1-10
11-20
21-30
31-40

1-10
11-20
21-30
31-40
41-50

1-5

6-10
11-15,16-20,21-25, .....
1-5,6-10,11-15, .....

1-3,4-8,7-9,.....
1-3,4-6,7-9, ....

1-3,13-15,25- 27,37 - 39, 49 - 51, 61 - 63
4-6,16- 18,28 - 30, 40 - 42, 52 - 54, 64 - 66
7-12,19-24,31- 36, 43 - 48, 55 - 60, 67 - 72

1-5
6-15
16-25
26-35
36 - 45
46 - 55
56 - 60
61-71

1,23, ...

NCHEAD). Start a new line after each 6 entries.

(4) Continue on following line if the niimber of columns is greater than 80. Enter a différent line for
each row. Start with the uppermost row. One value for each cell in the domain.
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PROGRAM: DPCT.FOR

A DETERMINISTIC PROBABIL[STIC MODEL FOR CONTAMINANT TRANSPORT
IN A T¥O-DIMENSIONAL CROSS-SECTION UTILIZING LINEAR TRIANGULAR

FINITE ELEMENTS

ORIGINAL DPCT CODE PROGRAMMED: APRIL, 1980
P.C version 1.2 © NOVEMBER 1997
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PEOGRAM VARIABLES AND PARAMETERS N

ANGLE :
BULK
CEC
CHEAD :
CHVAL
DELT
DELX
OELZ .:
DISP
DIFF - :
EXT

HAFLIF:

C HEAD :

IBANDE:
e
16(2)
16(3)
1C(4) -
16(5) :
1C(6)
16(7)
16(8)
1C(9) :
1C(10):
IC(11):
1ct12):
1€(13):
1C€14):
IC(15):
1C(16):
IDBBR :
IDNTR. =
W
10GEO :
KHORZ :
KVERT :

NRCELL:
NTIME :
NSKIP :
NVCELL:
NVELM :
POR
PTC

PTCI
SELC
SOLUTE:
TITLE :
TYPE

UNITS :
UNITF :
UNITH :
vy

Vi

X

1

ANGLE OF INCLINATION OF Kn AND Kv FROM A HORIZONTAL PLANE (degrees)

: BULK DENSITY OF TRE GEOLOGIC MEDIUM (mg/ft3 OR mg/m3)
: CATION EXCHANGE CAPACITY ASSIGNED TO EACH GEOLOGICAL UNIT (mg/mg)

VECTOR CONTAINING ALL CONSTANT HEAD VALUES
CONSTANT HEAD VALUE AT A GIVEN ROW ANO COLUMN THAT IS READ IN

: SIZE OF THE TIME-STEP (days) .
: HORIZONTAL NODE SPACING (meters or feet)

VERTICAL NODE SPACING (meters or feet)

: LONGITUDINAL DISPERSIVITY OF A HYDROSTRATIGRAPHIC UNIT (meters or fee

COEFFICIENT OF BULK DIFFUSION. (m2/d or ft2/d)

: MINIMOM TIME REQUIRED FOR A PARTICLE TO LEAVE A CELL UNDER THE

INFLUENCE OF GROUNDNATER FLON ONLY

HALF-LIFE OF THE CONTAMINANT: -VE VALUE IF NO DECAY (days)
HYDRAULIC HEAD VALUES '

ESTIMATED BANDWIDTH

CODE TO RUN THE MASS TRANSPORT PROBLEM

: CODE TO PRINT NODE CO-ORDINATES
i CODE TO PRINT ELEMENT INCIDENCES

CODE 'TO PRINT ELEMENT PERMEABILITY
CODE TO PRINT TOTAL HEAD VALUES

: CODE TO OUTPUT HEAD VALUES FOR PLOTTING
: CODE TQ CALCULATE THE VELOCITY FIELD

: CODE' TO PRINT THE VELOCITY FIELD

CODE TO RUN THE TIME-STEP GUIDE

CODE TO PRINT THE TIME-STEP GUIDE FIELD

COoDE TQ OUTPUT THE TiME-STEP GUIDE FIELD FOR PLOTTING

CODE TO PRINT PARTICLE AND CONCENTRATION DISTRIBUTIONS -
CODE TO OUTPUT THE REFERENCE PARTICLE DISTRIBUTION FOR PLOTTING

CODE TO OUTPUT THE CONCENTRATION DISTRIBUTION FOR PLOTTING

CODE T0 PRINT THE DISTRIBUTION OF NON-MOVING REFERENCE PARTICLES®
CODE 'TO USE DISTANCE UNITS OF METERS (“T*) OR FEET (°F")

RON NUMBERS (1/COL) THAT DEFINES THE POSITION OF THE DOMAIN BASE!

RON NUMBERS (1/COL) THAT DEFINES THE POSITION OF THE WATER TABLE

: FINITE ELEMENT INCIDENCES

HYDRDSTRATIGRAPHIC UNIT IDENTIFIER ) ‘ :
HORIZONTAL HYDRAULIC CONDUCTIVITY ASSIGNED TO A GEOLOGIC UNIT (m/d or
VERTICAL HYDRAULIC CONDUCTIVITY ASSIGNED TO A GEOLOGIC UNIT (m/d or f

+ HOR[2ONTAL HYDRAULIC CONDUCTIVITY OF AN ELEMENT
: VERTICAL HYDRAULIC CONDUCTIVITY OF AN ELEMENT
: COLUMN IDENTIFIER FOR CELLS WHICH INITIALLY RECEIVE THE CONTAMINANT
+ RO¥ IDENTIFIER FOR CELLS WHICH INITIALLY RECEIVE THE CONTAMINANT
+ CODE IDENTIFYING CELLS IN EACH HYDROSTRATIGRAPHIC UNIT
[ : INITIAL MASS OF THE PARTICLES (mg)
: NUMBER OF CONSTANT HEAD NODES
: NUMBER QF COLUMNS OF NODES
» ESTIMATED NUMBER OF ELEMENTS IN THE FINITE ELEMENT GRID
: ACTUAL NUMBER OF ELEMENTS IN THE FINITE ELEMENT GRID:
. : NUMBER OF GEOLOGICAL UNITS
: NUMBER OF CELLS IN THE HORIZONTAL DIRECTION
E : ACTUAL NUMBER OF NODES IN THE FINITE ELEMENT GRID
: ESTIMATED NUMBER OF NODES IN THE FINITE ELEMENT GRID
: NUMBER OF CONTAMINANT PARTICLES ADDED DURING EACH TIME-STEP
+ NUMBER OF RONS OF NODES

NUMBER OF CELLS WHICH INITIALLY RECEIVE CONTAMINANTS
TOTAL NUMBER OF TIME-STEPS

NUMBER ‘OF TIME-STEPS THAT PASS BEFORE RESULTS ARE PRINTED
NUMBER OF CELLS IN THE VERTICAL OIRECTION

NUMBER OF ELEMENTS IN THE VERTICAL DIRECTION

: POROSITY VALUE ASSIGNED TO A HYDROSTRATIGRAPHIC UNIT
: PARTICLE. TRANSPORT ARRAY WHICH IDENTIFIES CELLS WHERE PARTICLES

ARE ALLOWED TQ MOVE (T = MOVEMENT; F = NO MOVEMENT)

: PARTICLE TRANSPORT CODE IDENTIFIER FOR THE HYDROSTRATIGRAPHIC UNITS
: SELECTIVITY CDEFFICIENT FOR EXCHANGE (mass/mass)

TOTAL CONCENTRATION OF THE CONTAMINANT IN SOLUTION ¢(mg/L)
PROBLEM TDENTIFIER (ANY TITLE WITH UP TO 80 CHARACTERS)

: NODE TYPE IDENTIFIER (T=CONSTANT HEAD: F=VARIABLE HEAD)

DISTANCE UNITS USED IN A SIMULATION (ft OR m)
LABEL FOR DISTANCE: UNITS IN FEET
LABEL FOR DESTANCE UNITS [N METERS

: GROUNDWATER VELOCITY IN THE HORIZONTAL DIRECTION
: GROUNDNATER VELOCITY IN THE VERTICAL DIRECTION

: X CO-ORDINATE OF A RODE

: 7 CO-ORDINATE OF A NODE
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REAL TITLE(20)
Togical*l ptei(10)
INTEGER¥2 11(6),JJ(6)

ineclude “dpct.ine’

CHARACTER*4 UNITS, UNITF, UNITM
DATA UNITF/"(Ft)*/, UNITM/® (m) */
DATA CHVAL/maxnn¥-1,0E+35/

¢ INPUT AND OUTPUT UNIT DEVICE NUMBERS
OPEN(S,FILE="INPUT")
OPEN(6.,FILE="0UTPUT*)
OPENC7,FILE="CON)
OPEN(10,FILE="HEADS,0UT")
OPEN(11,FILE=* PARTICLE.OUT")
OPEN(12,FILE="CONC.OUT")
OPEN(13.FILE="ESCAPE.OUT")

c READ AND WRITE PROBLEM T[TLE
READ (5.101) TITLE
101 FORMAT (20A4)
WRITE(6,102)TITLE
102 FORHAT(IX 75 %7 )/ 11X, 20A47 /1X. 75('*’)//)

(2]

READ AND WRITE OUTPUT OPTION CODES
©READ(5,103)(IC(I),I-1.16)
103 FORMAT(80L2)
WRITE(6.104)
104 FORMAT(/" OUTPUT L[ST[NGS AND PROBLEM CONTROL®)
WRITE(G, 106)(IC([) 1-1,8)
106 FORMAT(/LS,": RUN THE MASS TRANSPORT ROUTINE'/LS,': PRINT THE °,
*NODE CO-ORDINATES®/L6,": PRINT THE ELEMENT [NCIDENCES' /LS,
*: PRINT THE ELEMENT HYDRAULIC CONDUCTIVITIES" /L6,
*: PRINT THE TOTAL HEAD VALUES®//L6.': OUTPUT THE HEAD °
*YALUES TO A PLOTTING FILE'/L6.': CALCULATE THE VELOCITY .
*FIELD* /L6,": PRINT THE VELOCITY FIELD')
WRITE(6,107)(IC(1),1-9,15)
107 FORMAT(L6,”: RUN THE TIME- STEP GUIDE ROUTINE'/L6,': PRINT THE™,
* TIME-STEP GUIDE" l/L6 *: OUTPUT THE TINE- STEP GUIDE TO A °
*PLOTTING FILE'/L6.": PR[NT THE PARTICLE AND CONCENTRATION '.
*DISTRIBUTION' /L6, ": OUTPUT THE PARTICLE DISTRIBUTION TO A °
"PLOTTING FILE®/L6;': OUTPUT THE CONCENTRATION DlSTR[BUTION
* TO A PLOTTING FILE'/L6.’: PRINT THE DISTRIBUTION OF°.
* NON-MOVING REFERENCE PARTICLES®)
IF{IC(16))THEN
WRITE(6. 108)[0(16)
108  FORMAT(L6,": USING DISTANCE UNITS OF METERS'///)
UNITS = UNITM
ENDIF
[F(.NOT, IC(16))THEN
WRITE(S, 109)IC(16)
109 FORMAT(L6.": USING DISTANCE UNITS OF FEET"///)
UNITS = UNITF ‘

U’lbb}Nt—l

e @ ae e peide

ENDIF
C READ AND WRITE CROSS-SECTION GRID PARAMETERS
READ(S, 110)NRO¥, NCOL , NRCELL  NTIME, NSKIP.NCHEAD, NGEOL
110 FORMAT(16IS) .
READ(5.111)DELX,DELZ DELT, ANGLE
111 FORMAT(8F10.0)
WRITE(6.,112)NRON,NCOL NGEOL ,DELX UNITS; DELZ GNITS,NCHEAD, ANGLE
112 FORMAT(' CROSS-SECTION SUMMARY * //115 *": NUMBER OF ROWS'/I15,
4 T NUMBER OF COLUMNS®/I15,° : NUMBER OF GEOLOGICAL UNITS*/
& F15.2,° i HORIZONTAL NODE SPACING * LAG/F15.2,* : VERTICAL'.
& ' NODE SPACING * LA4/115,° : NUMBER oF CONSTANT HEAD NODES' /
& F15.2.° : ANGLE 0F INCLINATION OF Kh AND Kv FROM THE®.
& ' HORIZONTAL (degrees)’/)
C READ AND NRITE CONTAMINANT PARAMETERS

READ(5,111)SOLUTE, SELC, HAFLIF MASST.DIFF
WRITE(6.113)RAFLIF NSKIP NTIME.SOLUTE, SELC,DELT MASSI. NRCELL
113 FORMAT(///1X, CONTAMINANT PARAMETERS"//
’ F15.2.° : HALF-LIFE (days)'/
118’ : NUMBER OF STEPS BETWEEN LISTINGS®/
115," : NUMBER OF STEPS IN TIME'/
-F15.2.° : TOTAL CONCENTRAT[ON IN SOLUTION (mg/L)"/
FlS.Z.’ SELECTIVITY CUEFFICIENT FOR EXCHANGE'/
F15.2,° : SIZE OF THE TIME-STEP (days)'/
F15.2," : INITIAL MASS ADDED PER PARTICLE (mg)*/
118,° NUHBER oF CELLS RECEIVING PARTICLES®)
[F(IC(IG))“RITE(G 114)DIFF
114 FORMAT(F15.2,° : COEFFICIENT OF BULK DIFFISION (mZ/d) i
IF(.NOT. [C(IG))NRITE(G 118)0IFF
116 FORMAT(F15.2,°' : COEFFICIENT OF BULK DIFFISION (ft2/d)'//)

Qe e Qe 0= Qoge O

C READ AND WRITE PARTICLES ADDED TO SYSTEM PER TIME-STEP




179

186
187

201
202

211
212

234
235

248
250

254
255
256
257
258
259

261
262
263
264
265
266
267
268

o

<

IF(NRCELL.GT,D)THEN
WRITE(6,117)
117  FORMAT(/® NUMBER OF PARTICLES ADDED TO THE SYSTEM PER TIME-*
| *STEP'//8X, RON COL*,8X," PARTICLES ADOED PER STEP* )
DO 120 I=1,NRCELL
READ(5,110)LCOL(I). LROH(I) (NPER(I, J), =1, NTIME)
120 CONTINUE
DO 116 I=1,NRCELL
K=1§
[F(NTIME.LT.16)K=NTIME
NRITE(6.118)LRON(I) . LCOLC D). (NPERCT,d)d=1.K)
18 FORMAT(6X, [6.15,110,1417)
IF(NTIME.GT.15)WRITE(6.119) (NPER(I.J),J=16,NTIME)
119 FORMAT (6X,120,1417)
116  CONTINUE
ENDIF

READ AND WRITE THE RON WHICH OEFINES THE POSITION OF THE NATER TABLE
, READ(5,121) (IDWTR(T).[=1,NCOL)
121 FORMAT(2513)

WRITE(6,123)

123 FORMAT(///1X,"RON AND COLUMN NUMBERS OF THE WATER TABLE'/)
WRITE(6.126)

126 FORMAT(1X,10(°COL RON ')
WRITE(6.124)(I, IDNTR(L), 1=1,KCOL)

124 FORMAT(1X,I3,14,3X,13,14,3X.13,14,3X.13,14,3X,13.14,3X. 13, 14.3X.
& 13,.14,3X.13.14,3X,13,14.3%,13,14)

C READ AND WRITE THE ROW THAT DEFINES THE POSITON OF THE BOTTOM BOUNDARY

READ(5.121)(1DBBR(I), I=1,NCOL)
WRITE(6,122),
122 FORMAT(/////® ROM AND COLUMN NUMBERS OF THE BOTTOM BOUNDARY'/)
NRITE(6.126)
WRITE(6 124 (1. IDBBRC1) . [=1,NCOL) -

READ AND WRITE CONSTANT HEAD VALUES AND THEIR ROW AND COLUMN LOCATIONS
IF (NCHEAD. GT.0) THEN
NRITE(6.131) _
131 FORMAT(////° CONSTANT HEAD VALUES'/76(* COL RON  HEAD’.4X))
KSTP=6
NCH=0
134 NCH=NCHt6
TF (NCH. GT. NCHEAD) KSTP=6 - (NCH- NCHEAD)
: READ(S.132) (11(K) .dJ(K) . CHVALCTT(K):33(K)) . K=1.KSTP)
132 FQRMAT(6(13,13,76.0)).
WRITE(6.133) 1K) .JJCK),. CHVALCTTCK) .dd (KDY . K=1,KSTP)
133 FORMAT(LX.I5.14,F10.3.18.14,F10:3.18,14.F10.3,18, 14,F10.3,
& 18.14,F10.3,18.14,F10.3)
IF(NCH.LT.NCHEAD)GO TO 134
ENDIF

C ESTIMATE PARAMETERS FOR' EXECUTION TIME D[MENS[ONING OF ARRAYS

MVCELL—N RON -1
NHCELL=NCOL-1

~ NNODEE=NRON*NCOL

NELME=(NROX- 1)*(NCOL-1)*2
NVELM=NROW+NROK-2
[BANDE=NROW+2

C READ & WRITE HYDROGEOLOGICAL PARAMETERS FOR THE HYDROSTRATIGRAPHIC UNITS
WRITE(6.161)
161 FORMAT(1H1, " PARAMETERS FOR THE HYDROSTRATIGRAPHIC UNITS®/
& /° URIT® 13X, °Kh*, 12X, " Kv’,7X, " POROSITY* , 9X. "DISPER",
& 2%, *CEct, PTCI*"."  'BULK")
IF(ICC16)INRITE(6,162)
162 FORMAT(17X,’(m/d)’:9%." (n/d)".21X." (m2/d)* . 12%)
DO 165 K=1.NGEOL
READ(5.166) IDGED, KHORZ ( 1DGEO) ,KVERT (1DGEO)., PORCIDEED) ,
1 DISP(IDGED).CECCIDGEQ) . PTCI(IDGEO) ,BULK( [DGED)
. WRITE(6,167)DGED. KHORZ( IDGED) , KYERT( IDGEQ) , PORCIDGED)
1 DISP( IDGED) . CEC( [DGEQ) , PTCT(IDGED) ;BULK(IDGED)
165 CONTINUE
166 FORMAT(15,5£10.5,L5.£10.5)
167 FORMAT(16,5E15.5,L8.E15.5)
WRITE(6,168)
168 FORMAT(//15X,° * T=MOVEMENT ALLOWED'/18X*F=MOVEMENT NOT ALLOWED®)

‘
i

C READ AND WRITE THE MAP OF THE HYDROSTRATIGRAPHIC UNITS
WRITE(6.171) L ,
171 FORMAT(///1X,* MAP OF HYDROSTRATIGRAPHIC UNITS'/)
DO 170 J=-NVCELL,1,-1
READ(5,178) (MAPGEO(I,J),I=1, MHCELL),
WRITE(6,175) (MAPGEO(T, ), =1, NHCELL)
170 CONTINUE
175 FORMAT(1X.801I1)
178 FORMAT(8011)

C. CONSTRUCT THE PARTICLE TRANSPORT CODE
DO 180 J=1,NVCELL
00 180 1=1,RHCELL



PTC(L.3)=PTCI(MAPGEO(I.Jd))
180 CONTINUE

€ CALCULATE NODE CO-ORDINATES AND ASSIGN NODE TYPES.
write(7,*)* START OF "CALL FEGRID"
CALL FEGRID

C CALCULATE THE TOTAL HEAD VALUES AT EACH NODE
write(7,*)* START OF "CALL HEADS®’
CALL HEADS

¢ CALCULATE THE VELOCITY FIELD AND OUTPUT VALUES
write(7,*)' START OF “CALL VELCTY"'
TFCIC(7))CALL VELCTY

T CALCULATE THE TIME-STEPS AND QUTPUT VALUES
write(7,*)* START OF "CALL ESCAPE™"
TF(IC(9IYCALL ESCAPE

¢ MASS TRANSPORT FUNCTION
IF(IC(I))CALL TRANS

* TARRIRTRNRRTRAIERTTIAKAS Sedede dede e ok ke ke ek de ek ke e ek e dede 3 Aadaboted

©

¢ 'SUBROUTINE TQ SET UP THE NODES, CO-ORDINATES, ELEMENTS AND ELEMENT

‘¢ INCIDENCES THAT COMPRISE THE LINEAR TRIANGULAR FINITE ELEMENT GRIOD

SUBROUTINE PARAMETERS AND VARIABLES

CHEAD : VECTOR CONTAINING ALL CONSTANT HEAD VALUES

CHVAL : CONSTANT HEAD VALUE AT A GIVEN ROM AND COLUMN THAT 1S READ IN
DELX - HORIZONTAL NODE SPACING, IN METERS

DELZ : VERTICAL NODE SPACING, IN METERS

ELMENT: ELEMENT NUMBER COUNTER

1DBBR : RON NUMBERS (1/COL) TMAT DEFINES THE POSITION OF THE DOMAIN BASE
IBNTR - ROX NUMBERS (1/COL) THAT DEFINES THE POSITION OF THE WATER TABLE
6T @ NGDE NUMBER COUNTER

IN  : FINITE ELEMENT INCIDENCES

KHORZ : HORIZONTAL HYDRAULIC CONDUCTIVITY ASSIGNED TO A GEDLOGIC UNIT

RT + VERTICAL HYDRAULIC CONDUCTIVETY ASSIGNED TO A GEOLOGIC UNIT

KX : HORIZONTAL HYDRAULIC CONDUCTIVITY OF AN ELEMENT

K2 : VERTTCAL HYDRAULIC CONDUCTIVITY OF AN ELEMENT

MAPGED: MAR OF THE GEOLOGICAL UNITS

NCHEAD: NUMBER OF CONSTANT HEAD NODES

NCOL : NUMBER OF COLUMNS OF NODES

NELM_ : ACTUAL NUMBER OF ELEMENTS IN THE FINITE ELEMENT GRID

NELME < ESTIMATED NUMBER OF ELEMENTS IN THE FINITE ELEMENT GRID

NFS  : UPPERMOST RON OF A COLUMN, DEFINING THE POSITION OF THE NWATER TABLE
NHCELL: NUMBER OF CELLS, HORTZONTAL DIRECTION

NRODE = ACTUAL NUMBER OF NODES IN THE FINITE ELEMENT GRID

NNODEE: ESTIMATED NUMBER OF NODES IN THE FINTTE ELEMENT GRID

NRON : NUMBER Of RONS OF NODES

TYPE - NODE TYPE IDENTIFIER (T=CONSTANT READ: F=VARLABLE HEAD)

X + X CO-ORDINATE OF A NODE

z = 1 CO-ORDINATE OF A KODE

R OO OO0 NN QOO0 00000000 (; Kyl
%
»
-
3
=1

integer*2 elment
include ‘dpct.inc’

SET X AND I CO-ORDINATES OF THE NODES AND DESIGNATE WHICH ARE
CONSTANT HEAD NODES
167=0
X=0
DO 20 I=1,NCOL
JSTR=1DBBR(I)
JSTP=TDNTR(I)
XXX=FLOAT{I=1)*DELX
DO 25 J=JSTR,JSTP
16T=16T+1
XCIGT)=XXX
Z(IGT)=FLOAT (J~1)*DELZ
TYPECIGT)=.FALSE.
IF(CHVAL(I.d).GT,-1,0E+34) THEN
TYPE(I6T)=.TRUE,
Rkl
CHEAD(K)=CHVAL(I.J)
ENDIF
25  CONTINUE
20 CONTINUE
NNODE=IGT 8

oo
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OUTPUT NODE CO-ORDINATES AND NODE TYPES
IF(IC(2))THEN
: WRITE(6.27)
27  FORMAT(1M1//°* FINITE ELEMENT GRID NODE CO-ORDINATES'//.1X,
& 3(°NODE TYPE',10X.°X'.13X.°2°.11X)/)
WRITE(G,28) (IGT, TYPECIGT), X(IGT),Z(IGT), I6T=1,NNODE)
28  FORMAT(1X,14.16.2F14.3.8X,.14,16.2F14.3,8%,14,L6,2F14.3)
ENDIF

CALCULATE ELEMENT INCIDENCES AND ASSIGN HYDRAULIC CONDUCTIVITIES
ELMENT=0
16T=0
DO 35 [=1.NHCELL
JSTR=IDBBR(L) -1
31 JSTR=JSTR+1
- 16T=16T+1
IF(JSTR.LT. IDBBR(I+1))GO T0 31
JSTP=IDNTR(D) -1 :
IFCIONTRCI+1) . LT, [ONTR(1))JSTP=IDNTR(I+1)-1
DO 30 J=JSTR,JSTP
1GTC~IONTR([)- [DBBR([+1)+1
ELMENT=ELMENT+1
INCELMENT, 1)=IGT
INCELMENT, 2)=1GT+I6TC
INCELMENT ;3)=IGT+IGTC+1
KXCELMENT )=KHORZ (MAPGEG(1,d))
KZ (ELMENT)=KVERT (MAPGEO(I.4))
ELMENTSELMENT+1
IR(ELMENT,1)=16T
INCELMENT,2)=1GT+I6TC+1
INCELMENT.3)=16T+1
KXCELMENT)=KHORZ (MAPGEO(1.d))
KZ(ELMENT)=KVERT (MAPGEO(1.4d))
16T=[GT+1
30 CONTINUE
IFCIONTRCI#1)<LT. IDNTRC L)) [GT=[GT+( [DNTRCL) - IONTRCI+1))
35 CONTINUE
NELM=ELMENT

OUTPUT ELEMENT [NCIDENCES AND HYDRAULIC CONDUCTIVITIES
IF(IC(3))THEN
WRITE(6.41)
41  FORMAT(IH1/* ELEMENT INCIDENCES'///1X.
3 4C"ELEMENT INCIDENCES'.4X).*ELEMENT INCIDENCES® n
NRITE(6.42) (ELMERT, ( INCELMENT,J),d=1,3) , ELMENT=1,NELM)
42 FORMAT(I6,':*.314.19.°:°.314,19,°:*, 314,18, :* ,314.19,":*.314)
ENDIF

IFCIC(4)) THEN
[F(IC(16)INRITE(6,43)
43 FORMAT(1H1/° ELEMENT HYDRAULIC CONDUCTIVITIES (m/d)'/)
[F(.NOT. IC(16)INRITE(6,44)
44 ' FORMAT(IH1/" ELEMENT HYDRAULIC CONDUCTIVITIES (ft/d)'/)

WRITE(6.45) .
45 FORMAT(12X,"HYORAUL. COND.’,2(27X, HYDRAUL. COND.®))
NRITE(6,46)
46 FORMAT(1X,3('ELEMENT  (HORZ. VERT.) 50/
WRITE(.47) (ELMENT, KXCELMERT) . KZ(ELMENT) , ELMENT=1 ,NELM)
47  FORMAT(IX.IS. : *.E10.4,1X.E10.4,[17,°: ‘.E10.4,1X,
s E10.4,117,%: *,E10.4, IX.E10.4)
ENDIF
RETURN

ARKRAXRRRRERERAR TR RRNRRRRRRLIEETEERERRRRRAEAK XA RRRARAERRRIARRTERERRRRARTTIRT RN

SUBROUT[NE HEADS

COOOOOOOOOOOOaODO FO0O0O0O000

SUBROUTINE WHICH CALCULATES THE STEADY-STATE HYORAULIC HEAD DISTRIBUTION

IN A TWO-DIMENSIONAL CROSS-SECTION COMPRISED OF LINEAR TRIANGULAR
FINITE ELEMENTS.
THIS FINITE ELEMENT PROGRAM IS MODIFIED FROM VERGE AND FRIND (2227)

SUBROUTINE PARAMETERS AND VARIABLES

ANGLE : ANGLE OF INCLINATION OF Kh AND Kv FROM A HORIZONTAL PLANE
ANGLER: ANGLE OF INCLINATION IN RADIANS

BX  : HORIZONTAL SHAPE FUNCTION

BZ  : VERTICAL. SHAPE FUNCTION

CHEAD : CONSTANT HEAD VALUES

ELAREA: AREA OF A FINITE ELEMENT

F : FLUX VECTOR
G © GLOBAL CONDUCTIVITY MATRIX
GE ¢ ELEMENT CONDUCTIVITY MATRIX

HEAD : HYDRAULIC WEAD VALUES

'**it*****i**************ltiﬂ*ﬁi*'i'**ii************i*tﬁt****t*ttt*i*ii*‘ii*f*

IDBBR : ROW NUMBERS (1/COL) THAT DEFINES THE POSITION OF THE DOMAIN BASE
JOWTR : ROW NUMBERS (1/COL) THAT DEFINES THE POSITION OF THE WATER TABLE

IN : ELEMENT INCIDENCES
N : NUMBER OF DEGREES OF FREEDOM (NODES WITH UNKNONN HEAD VALUES)
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IBANDE: ESTIMATED BANDWIDTH

[BAND : ACTUAL BANDNIDTH

NCHEAD: TOTAL NUMBER OF CONSTANT HEAD NOOES
NCOL : NUMBER OF COLUMNS OF NODES
NELME : ESTIMATED NUMBER OF ELEMENTS IN THE FINITE ELEMENT GRID
NELM : ACTUAL NUMBER OF ELEMENTS IN THE FINITE ELEMENT GRID
NNODE : NUMBER DF NODES

NNODEE: ESTIMATED NUMBER OF NODES IN THE FINITE ELEMENT GRID
NRON : NUMBER OF ROWS OF NODES

PHI - MATRIX OF HEAD VALUES FOR OUTPUT TO A PLOTTIRG FILE
TYPE : NODE TYPE IDENTIFIER

[+

¢

[

FhATIRRKIT ANk dedhw Ladd Ak rdededede de dedee *h L1

REAL*8 NX(3).NZ(3).BX.BZ.ELAREA.GE(3.3),Xl(3$.ll(3)
INTEGER ELMENT
fnclude ‘dpet.inc’

IDENTIFY CONSTANT HEAD NODES
K=0
00 20 I6T~1.NNODE
IF(TYPE(IGT) )K=K+1
LC(IGT)=K

- 20 CONTINUE

NUHEAD~NNGDE -HCHEAD ‘

OUTPUT FINITE ELEMENT GRID SUMMARY
_NRITE(6, 24)NNODE,NELM, IBANDE,NCHEAD, NUHEAD
24 FORMAT(1H1///1X."FINITE ELEMENT GRID SUMMARY'//9X,
13 *NUMBER OF NODES'.[19/9X, *NUMBER OF ELEMENTS®,[16/9X,
& ‘ESTIMATED BANDRIDTH®,115/9X. NUMBER OF CONSTANT-HEAD NODES’,
& 15/9X ., *NUMBER OF DEGREES OF FREEDOM" ,I6)

CLEAR. ARRAYS
DO 30 [=1,NUHEAD
DO 40 J=1, [BANDE
G([,J)=0.
40  CONTINUE
DO 35 J=1,NCHEAD
GC(I,d)=0.
35  CONTINUE
30 CONTINUE

LOOP OVER ELEMENTS
IBAND=0" ]
DO 70 ELMENT=1,NELM

ELEMENT CONDUCTIVITY MATRIX
ANGLER~ANGLE*3,141593/180.
COSA=COS(ANGLER)
SINA=SINCANGLER)

00 50 I-1.3
J=IN(ELMENT,I)
XLC1)<COSA*X(J)+SINA*Z(J) -
ZL{1)=COSA*Z(J) ~SINA*X(J)
50  CONTINUE

BASIS FUNCTIONS

NX(1)=21(2)-21(3) ,

NX(2)=ZI(3)-21(1)

NX(3)=21(1)-21(2)

NZ(1)=KI(3)-X1(2)

NZ(2)=X1(D)-X1(3)

NZ(3)=X1(2)-XI(1)

ELAREA=(XT(1)%21(2)-X1(2)¥21(1)) + (XK(2*ZL(3)-A13)*2L(2)) +

) (XI(3)*ZL(1)-XI(1)*21(3))

B2= .5%KZ(ELMENT)/ELAREA

BX= .5*KX(ELMENT) /ELAREA

DO §5 I=1.3

00 55 0-1.3

GE( [ 3)=BX*NXCL)*NX (i) J+BZ*NZ(1)*NZ(J)

55 CONTINUE

GLOBAL CONDUCTANCE MATRIX
00 60 I-1,3
KI=INCELMENT, 1)
IF(TYPE(KT))GO TO 60
LIT=KI-(C(KD)
00 65 J=1.3
KJ=IN(ELMENT,J)
IF(TYPE(KJ))THEN
JIT=LC(KJ)
GCCLTE.JITI=6CCLIT,JITI+BECI, )
ELSE
JdT=KI-LE(KI) - 1IT+]
IF(JIT.LT.1)GO TO 65
IF(JJT.GT. IBAND) IBAND=JJT
IFCJIT. LE, IBANDE ) THEN
] GUIIT,JdTI=G(TIT, JITI+GECL.J)
LSE
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628

WRITE(6.991) ELMENT, JJT

991 FORMAT(///°® **kuswdsswsasannn  ERROR *t*taﬁ\itﬁ;tt*ikt' /
& " ELEMENT®,14.° REQUIRES BANDWIDTR OF°*.I4)
ENDIF :
ENDILF

65 CONTINUE
60 CONTINUE -

C END OF ELEMENT LOOP
70 CONTINUE

WRITE(6,151) [BAND
151 FORMAT(9X,'FINAL BANDNIDTH®,(15X,14)
IF(IBAND.GT. IBANDE ) THEN

) RRITE(6,993) IBANDE, IBAND
993 FORMAT(///® *wwksaassasswssxsse  [RROR *haswsddwnhessuncs’ |

& * THE ESTIMATED BANDNIDTH 1S TOO SMALL. INCREASE IT®.
& * FROM'.14.° TO THE REQUIRED BANGNIDTH OF °.14/)

. STOP

ENDIF

IBANDE=IBAND

C FLUX VECTOR

DO 80 I=1,NUHEAD
F(1)=0.0
D0 85 K=1,NCHEAD
FOI)=F(T)-GC(T, K)*CHEAD(K)
85  CONTINUE
80 CONTINUE

¢ SOLVE FOR HEAD VALUES

‘CALL SOLVE(NUHEAD)

C EXPAND HEAD VECTOR
KK=NCHEAD - .
D0 90 IGT=NNODE,1,-1
IF(TYPE(LGT)) THEN Co.
HEAD(IGT)=CHEAD(KK)
KK<KK-1
ELSE
K=1GT-LC(IGT)
HEAD(IGT)-HEAD(K)
ENDLF
90 CONTINUE

¢ OUTPUT STEADY-STATE HYDRAULIC HEAD DISTRIBUTION
IF(IC(5)ITHEN
IF(IC(16))NRITE(6,101)
101  FORMAT(1H1///1X,"STEADY-STATE HYDRAULIC HEAD DISTRIBUTION®,
& *(meters above an datum)*//)
IF(.NOT.IC(16))NRITE(6,.102)
102 FORMAT(1H1///1X,"STEADY-STATE HYDRAULIC HEAD DISTRIBUTION®,
& “(feet above an datum)'//)
o WRITE(6,103)
103  FORMAT(1X,S(° NODE TOTAL-HEAD’, sx)/)
WRITE(6,104) (16T, HEAD(IGT), IGT=1,NNODE)
104  FORMAT(1X,I5,F13.3.110,F13.3.110,F13.3,110, F13 3.110,F13.3)
 ENDIF

C PREPARE DATA FOR HEAD PLOT
IF(.NOT.IC(6))RETURN N
16T=0
DO 95 I[=1,NCOL
00 95 J=1.NROW

IF(J,67. [ONTR(I).OR. J.LT.IDBBR(CI))THEN
PHI(I,J)=1. 0E+35
ELSE
16T=16T+1
PHI(1,d)=HEADCIGT)
ENDIF
95 CONTINUE
DO 97 J=1,NRON
WRITE(10,825) (PHI(I,J), =1 NCOL)
825 FORMAT(10£12.5)
97 CONTINUE
RETURN
END

IR LR AR A AR R AR R A KRR AREERARN KRR R AR KRR KRR AR R RN AR AR RRA RN AT AARTNERN

SUBROUTINE SOLVE(N)

i*******Q*ttii*******itttl'k'ilt******ltittitttitt*t**tttt*itt*tkﬁ**t*tfiitiii'

SUBROUTINE_WHICH DECOMPOSES THE GLOBAL CONDUCTIVITY MATRIX BY THE
CHOLESKY SQUARE: ROOT METHOD FOR SYMMETRIC, BANDED MATRICES AND

*
*
* SOLVES FOR THE UNKNOWNS IN A SYSTEM OF LINEAR EQUATIONS BY BACK
* SUBSTITUTION OF THE DECOMPOSED GLOBAL CONDUCTIVITY MATRIX

*

***f**iit***'******t".tt’*t********'*Rkiiilt*it*i**ft*t’*ﬁ*'t*i***tfi***t‘ﬁ***

REAL*8 TEMP,SUM
fnclude ‘dpct.inc’
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DECOMPOSE THE GLOBAL CONDUCTIVITY MATRIX
Do 20

IP=N-I+1_ ]
IFCIBANDE.LT. [P) [P=IBANDE
00 20 J-1.1P
1Q~IBANDE-J
IFCCI-1):LT. 1) IO=1-1
SUM-6(T.0)
IF(1Q.GE, 1)THEN
00 25 k=1.10
IIt=l-K
JI=g+K
SUM~SUM- GCTIE, K¥1)*GCIIE.3T) -
25 CONTINUE
ENDIF
TF(J.NE.1)THEN
6(1.,J)=SUM*TEMP
60 TO 20
ENDIF
IF(SUM,LE. 0, ) THEN
¥RITE(6.999)1
999 FORMAT(///10X. *DECOMPOSTTION FAILED AT RON'.I.
X <. EXECUTION TERMINATED')

FENMP=1. /DSART (SUM)
6(1.J)=TEMP °

~ ENDIF

20 CONTINUE

SOLVE FOR THE HEADS
00 40 I=1,N
J=1- IBANDE+1 v
TFC(I+1).LE. IBANDE)d=1
SUM=F (1}
K1-1-1
IF(J.LE. K1) THEN
D0 50 K=J.K1
HIt=1-K+1
SUM=SUM- G(K. [Tt )*HEAD(K)
50 CONTINUE
ENDIF
HEADCT)=SUM¥G(1.1)
40 CONTINUE
00 60 I=N,1.-1
J=I+1BANDE-1
1F(J. 6T N)Yd=R
SUM=HEAD(I)
K2=1+1
IF(K2.LE.J)THEN
D0 70 K~KZ.J
Kk=K- [+1
SUM=SUM-GCT . KK)¥HEAD(K)
70 CONTINUE

ENDIF :
HEAD( [ )=SUM*6(1,1)
60 CONTINUE
RETURN

END

SUBROUTINE WHICH CALCULATES THE HORIZONTAL AND VERTICAL AVERAGE
LINEAR GROUNDWATER VELOCITIES FOR EACH FINITE ELEMENT IN THE CROSS- -SECTION

SUBROUTINE PARAMETERS AND VARIABLES

DELX : HORIZONTAL NODE SPACING, IN METERS

DELZ : VERTICAL NODE SPACING, IN METERS

ELMENT: ELEMENT NUMBER COUNTER

HEAD -+ CALCULATED HEAD DISTRIBUTION

ICC  : HORIZONTAL ELEMENT COUNTER

IRR  : VERTICAL ELEMENT COUNTER

IDBBR : RON NUMBERS (1/COL) THAT DEFINES THE POSITION OF THE DOMAIN BASE
IDWTR : ROW NUMBERS (1/COL) THAT DEFINES THE POSITION OF THE WATER TABLE
N : FINITE ELEMENT INCIDENCES

IGT : NODE NUMBER COUNTER

HORIZONTAL WYDRAULIC CONDUCTIVITY OF AN ELEMENT

KZ s VERTICAL HYDRAULIC CONDUCTIVITY OF AN ELEMENT-

MAPGEO: CODE IDENTIFYING THE GEOLOGIC UNITS

NCOL NUMBER OF COLUMNS OF NODES .

NELME : ESTIMATED NUMBER OF ELEMENTS IN THE FINITE ELEMENT GRID

NﬂSELL. NUMBER OF CELLS IN THE HORIZONTAL DIRECTION

NNODEE: ESTIMATED NUMBER OF NODES IN THE F[N[TE ELEMENT GRID

NRON : NUMBER OF RONS OF NODES

NVELM : NUMBER OF ELEMENTS IN THE VERTICAL DIRECTION

POR  : POROSITY VALUE ASSIGNED YO A GEOLOGIC UNIT
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c VX : GROUNDNATER VELOCITY IN THE HORIZONTAL ODIRECTION

c vz - GROUNDWATER VELOCITY IN THE VERTICAL OIRECTION
¢

Cdrter ek 2 AR RANNE EEIEEE AR TR R RAIRNANERRARAN wAA
include ‘dpct.inc’

16T=0
ELMENT=0
1EC=0
DO 20 I=1,NHCELL
IRR=0"
1cC-1CCt]
DO 25 J=1.NVCELL :
IF(J.LT.IDBBRCI) .OR. J.GE.IDNTR(1))GO TO 26
I16T=16T+]
IF(J.LT. IDBBRCI+1) .OR. J.GE. [ONTR(I+1))G0 TO 26
IRR=IRR+]
ELMENT=ELMENT+1
IGTC-1DNTR(T) - I0BBR(I+1)41
11=167
I2=16T+1GTC
[3=16T+IGTCH
VXULCC. IRR)~=( (HEAD(11) -HEAD( 12) )/DELX)*RX (ELMENT)/
3 POR(MAPGEO(I,J)) -
VZ(ICC.IRR)=((HEAD(12)-HEAD(13))/DELZ)*KZ CELMENT)/
PO " POR(MAPGEO(I.3))
TRR=IRR+1
ELMENT-ELMENT+1
=167
[2=16T+16TC+
13=1GT+1 ,
- ¥XCICE.TRR)={(HEAD(I3)-HEAD(12)}/DELX)*KX(ELMENT)/
I POR(MAPGEO(I,))
VZ(ICC, IRR)=((HEAD(L1)-HEAD(13)) /DELZ)*KZ (ELMENT)/
& PORCMAPGEO(L.J))
- 60 TO 25
26 IRR=IRR#2 "
VE(ICC, IRR)=0.0
VZ(ICC.IRR)=0.0
VE(ICC. [RR-1)=0.0
VZ(ICC. IRR-1)=0. 0
25  CONTINUE
I6T-16T+1
20 CONTINUE

C PRINT THE VELOCITY FIELD
IF(.NOT.IC(B))RETURN
. IF(IC(16))NRITE(6,101)
101 FORMAT(1H1/* VELOCITY FIELD (meters/day)”)
“IFC.NOT.IC(16))NRITE(6.102)
FORMAT(1H1/* VELOCITY FIELD (feet/dsy)*)
12-0
42 [2=12+9
11=12-8
IF(NHCELL.LT.12) I2=NHCELL : R
. WRITE(6.104)(1,I~11,12)
104 FORMAT(//1X,8X, 'COLUMN L13.8113)
D0 80 J~NVELM,1.
WRITE(6.106)J, (VX(I 3. I=11,12)
106  FORMAT(/IX,*ROM’,I3,* HORZ:'.8(3X.E10.4))
WRITE(6.107)CVZ(I. ), I=11.12) N
107  FORMAT(1X.BX,‘VERT:" L9(3x.£10.4)) '
80 CONTINUE
IF(12.LT.NHCELL)GO TO 42

10

~N

RETURN
END

*
*  SUBROUTINE WHICH TRANSPORTS PARTICLES THROUGH THE CROSS-SECTION BY MOVING
* - THE PARTICLES FROM ONE CELL TO THE NEXT BY RANDOM MOTION WITHIN THE

* VELOCITY FIELD

* .

SUBROUTINE PARAMETERS AND VARIABLES : ’ LT

C

C

C AT : CONCENTRATION OF THE CONTAMINANT [N THE SYSTEM (ONE VALUE PER CELL)
€ BULK : BULK DENSITY OF EACH GEOLOGIC UNIT (mg/ft3 or mg/m3)

¢ CEC CATION EXCHANGE CAPACITY VALUES ASSIGNED TO A GEQLOGIC UNIT
C CONC : CURRENT CONCENTRATION OF THE CONTAMINANT (T THE SYSTEM

C CONCP : PREVIOUS CONCENTRATION OF THE CONTAMINANT IN THE SYSTEM

C CONCR : CONCENTRATION OF THE CONTAMINANT IN A RECEIVING CELL

¢ DELT : SIZE OF THE TIME- -STEP (days)

¢ OELX : HORIZONWTAL NODE SPACING (meters or feet)

C DELXH : 1/2 HORIZONTAL NODE SPACING :

C DELZ : VERTICAL NODE SPACING (meters of feet)
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KTIME :
LeoL ¢
LPOH :
MAPGEO:
MASS
MASSI :
NCOL

NHCELL:
NVCELL:
NPART

NPER
NPGONE:

NPCELL:

NROW,
NRCELL:

NSKIP :
NXX
NXY
NVELM :
‘POR
PTC

ROC
RNSEED:
RONE
RTHO
SOLUTE:
TINE
UNITS :
UNITF :
UNTTH
VEL
VELX
VELZ
VOLUME:
vy

1
XMAX
XPOSP :
XPOS
YEAR
YFL
MAX
IPOSP :
P08

NTIME :

. 1/2 VERTICAL NODE SPACING

: 1/4 VERTICAL NODE SPACING

+ COEFFICIENT OF BULK DIFFUSION (m2/d or ft2/d)

= LONGITUDINAL DISPERSIVITY VALUES FOR EACH GEOLOGIC UNIT (meters or fe

.0: PARTICLE DISPLAYMENT IN LONGITUDINAL OIRECTION DUE TO DISPERSION
: PARTICLE DISPLAYMENT IN TRANSVERSE DIRECTION DUE TO DISPERSION

: DISTANCE A PARTICLE MOVES

: HALF-LIFE OF THE CONTAMINANT (days)

: RO NUMBERS (1/COL) THAT 'DEFINES' THE POSITION OF THE DOMAIN BASE

: ROM NUMBERS (17COL) THAT DEFINES THE POSITION OF THE WATER TABLE

: TIME-STEP COUNTER

: PARTICLE COUNTER '

: COLUMN NUMBER OF THE ELEMENT WHICH CONTAINS THE PARTICLE

: PREVIQUS COLUMN NUMBER OF THE ELEMENT CONTAINING THE PARTICLE

: RON NUMBER OF THE ELEMENT WHICH CONTAINS THE PARTICLE

: PREVIOUS ROW_NUMBER OF THE ELEMENT CONTAINING THE PARTICLE

: RANDOM NUMBER GENERATOR SEED

: DISTRIBUTION COEFFICIENT

: NUMBER OF PARTICLES ADDED AT A PARTICULAR TIME-STEP

BEFORE RESULTS ARE OUTPUT
COLUMN IDENTIFIER FOR CELLS WHICH INITIALLY RECEIVE THE CONTAMINANT

: ROX IDENTIFLER FOR CELLS WHICH INITIALLY RECEIVE THE CONTAMINANT

UNIT NUMBER ASSIGNED TO THE DEVICE INTO WHICH THE DISTRIBUTION
OF PARTICLES ARE STORED FOR PLOTTING
CODE [DENTIFYING THE HYDROSTRATIGRAPHIC UNITS

: MASS ASIGNED TO EACH PARTICLE

INITIAL MASS OF THE PARTICLES (mg)

: NUMBER OF COLUMNS OF NODES

NUMBER OF CELLS IN THE HORIZONTAL DIRECTION
NUMBER OF CELLS IN THE VERTICAL DIRECTION
TOTAL NUMBER OF PARTICLES CURRENTLY IN SYSTEM

: NUMBER OF CONTAMINANT PARTICLES ADDED DURING EACH TIME-STEP

DISTRIBUTION OF THE PARTICLES THAT HAVE LEFT THE CONFINING
BED (NUMBER OF PARTICLES PER CELL)

DISTRIBUTION OF PARTICLES IN TRE CONFINING BED (TOTAL NUMBER
GF PARTICLES PER CELL)

: NUMBER OF RONS OF NODES

NUMBER OF CELLS NH[CH INITIALLY RECEIVE CONTAMINANTS

+ TOTAL NUMBER OF PARTICLES THAT HAVE LEFT THE CONFINING BED
: TOTAL NUMBER OF PARTICLES THAT HAVE LEFT THE FLOW SVSTEM

NUMBER OF ELEMENTS IN THE VERTICAL DIRECTION

: POROSITY VALUES ASSIGNED TO A GEOLOGIC UNIT
: PARTICLE TRANSPORT CODE (IDENTIFIES CELLS WHERE PARTICLES

ARE ALLOWED TO MOVE)

: DECAY RATE COEFFICIENY

RANDOM NUMBER GENERATOR SEED

: RANDOM NUMBER USED TO CALCULATE THE DISPERSION OF A PARTICLE
: RANDOM NUMBER USED TO CALCULATE THE DISPERSION OF A PARTICLE

TOTAL CONCENTRATION OF THE CONTAMINANT IN SOLUTION

: TOTAL TIME THAT HAS PASSED, [N DAYS

DISTANCE UNITS USED IN A SIMULATION (ft OR m)
LABEL FOR DISTANCE UNITS IN FEET

: LABEL FOR DISTANCE UNITS IN METERS
1 AVERAGE VELOCITY OF A PARTICLE

: HORIZONTAL VELOCITY OF A PARTICLE
: VERTICAL VELOCITY OF A PARTICLE

VOLUME OF A CELL (m3 OR ft3)

: GROUNDWATER VELOCITY IN THE HORIZONTAL DIRECTION
: GROUNDNATER YELOCITY IN THE VERTICAL DIRECTION
: TOTAL LENGTH OF THE CROSS-SECYION

FORMER X CO-ORDINATE OF A PARTICLE

: X CO-ORDINATE OF THE LOCATION OF A PARTICLE
: TOTAL TIME THAT HAS PASSED, IN YEARS

: RANDOM NUMBER _
: 'TOTAL HEIGHT OF THE CROSS-SECTION

FORMER Z CO-ORDINATE OF A PARTICLE

: 2 CO-ORDINATE OF THE LOCATION OF A PARTICLE

"ﬂm********tt**"*t*i*********m*******m*”*fﬁ***ﬁ****’*fi**t***

REAL¥S VX1.VX2.VX3,VX4,V1l, VZZ Vi3, VZ4 KD.YOLUME
REAL RANO

INTEGER RNSEED

CHARACTER*4 UNITS, UNITF, UNITM

DATA UNITF/7(ft)"/, URITM/"(m) */

inecl

ude *dpct.inc’

IFCICC16)) THEN
UNITS - UNITM
€ CONVERT m3 TO LITERS
VOLUME = DELX*DELZ*1000.0 !

ENDI

£,

£ .
NOT.IC(16))THEN

UNITS = UNITF
C CONVERT ft3 TO LITERS
VOLUME = DELX*DELZ*28.317
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899
900

901

902
903
904
905
906
907
908
$09
410
911

912

913
914
915

- 916

917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932

933

934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949

951
952
953
954
985
956
967

' 958

959
960
961
962

963

964
965
966
967
968
969
970
971
972
973
974
978
976
977
978
979
980

981

982
983
984
985
986
987
988

950

ENDIF
Ul = 1.0°
C CHECK FOR ERROR IN THE INPUT DATA
IF(.NOT.IC(7))THEN
 WRITE(6,991)
991 FORMAT(/// ¥ ******tt*t**ﬁfi*tt : ERROR ****‘f“i’ﬂfﬁt**i**tt'/
& . ' THE VELOCITY FIELD MUST BE CALCULATED BEFORE THE'/
& * MASS TRANSPORT ROUTINE CAN BE RUN: RESET IC(7)=T'/)
STOP
ENDIF
IF(NRCELL . EQ.0) THEN
NRITE(6.992)
992 FORMAT ( / // * RRAXERRWRRARRRNRNT ERROR Fedrde e dede s ook e s deok e Aok * ,
& ' A SOUCE CECL FOR THE CONTAMINANT AND THE NUMBER'/
& ' OF PARTICLES ENTERED DURING EACH TIME STEP MUST'/
&  * BE SPECLFIED BEFORE THE MASS TRANSPORT ROUTINE'/
& " CAN BE RUN: RESET NRCELL >0 AND ENTER PARTICLES'/)
sTOP
ENDIF
DELXH=. 5*DELX
DELZH=.5*DELZ
DELZQ~. 26*DELZ
DELZT-DELZ4DELZ
XMAX=F LOAT (NHCELL ) *DELX
RNSEED = 54781
TIME=0.0
KT IME=0
NXY=0
NXX=0
ITIME-1
RDC=0.0
LF(HAFLIF,GT.0.0)RDC~ALOG(2.0) /HAFLIF
. WRITE(6,101) _
FORMAT(1H1,® *#**  BEGIN MASS TRANSPORT SIMULATIQN  *xxx")
DO 10 T=1,NHCELL
00 10 J=1.NVCELL
CONCR(I,J)%1.0
NPGONE(1.d)=0 N
10 CONTINUE

!

10

—

€. LOOP THROUGH THE SIMULATION

C ADD NEW PARTICLES T0 GRID AND RANDOMLY PLACE THEM IN THE SOURCE CELL
NPART=0
1 DO 20 _K-1.NRCELL
KNPER=NPER(K, ITIME)
write(7.1002)ITIME. knper
1002 format(" time step:’.i3,° particles added:*,110)
DO 28 J=1,KNPER . ) :
NPART=NPART+1 )
write(7,1001)NPART . ITIME
1001 Format(' adding particle:".i3," at time step:’'.i3)
RONE = RANQ(RNSEED) . :
XPOS(NPART y=FLOAT(LCOL(K) - 1) *DELX+RONE*DELX
LLRR=LRON(K)
ZPOS{NPART)=FLOAT(LLRR)*DELZ- A4*DELZ
MASS(NPART)-MASSI
25  CONTINUE
20 CONTINUE

C CLEAR CONCENTRATION AND PARTICLE COUNTER ARRAYS
D0 30 I-1 NHCELL
DO 30 J=1.NVCELL
CORC(1,9)=0.0
NPCELL(L,d)=0
36 CONTINUE.

TIME=TIME+DELT
KT IME=KTIME+1

C MOVE PARTICLES ONE AT A TIME
DO. 50 TPART=1,NPART

C CHECK TO SEE IF A PARTICLE HAS LEFT THE FLON SYSTEM
IF (XPOSCIPART).LT.0.0) 60 TO 50

" C FIND POSITION OF THE PARTICLE

IXE-1F IX(XPOS( IPART)/DELX)+1
TZE=IFIX(ZPOS(IPART) /DELZ)+]

IXEP=IXE

12EP=12E .
XPOSP=XPOS( IPART) :
ZPOSP=ZPOS(IPART)

€ CALCULATE THE MASS OF A PARTICLE
MASS( TPART)=MASS( TPART )*(CONCR(IXE. IZE)*VOL1)

INTERPOLATE VELOCITIES AT THE LOCATION OF EACH PARTICLE
ITEST~0
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12CE=IFIX(ZPOSCIPART)/DELZH)+1
AA=XPOS( [PART) -DELX*(IXE- .5}
TXN=IFIX(AA/ABS(AA) Y+IXE
- AA=ZPOS( [PART) - (DELZH*( 12CE-1)-DELIQ)
TZCN=TFIXCAA/ABSCAA) M+1ZCE
¢ FIND VELOCITY OF ELEMENT CONTAINING THE PARTICLE
VX1=VX(IXE. IZCE)
VZ1=VZ(IXE IICE) -
C FIND_VELOCITY IN THE ELEMENT ABOVE OR BELOW THE PARTICLE
[INN=(12CN+1)/2
IFCIZNN.LT. IOBBRCIXE) .OR. IZNN.LT.IDBBR{IXE+1))THEN
yX2=vxX1
Vz2=-v21
IFCCHVAL(IXE, I26).6T.-15E34 .AND. CHVALCIXE+1,1ZE).GT.-1.E34)
V2z-v11
ELSETF([ZNN.GE. IDNTRCIXE), .OR. [ZNN.GE. IDNTRCIXE+1))THEN
V2=VX1 .
Vi2e-v7l
IF(CHVAL(IXE,TZE+1),GT.-1.E34 ,AND. CHVAL(IKE+1, 1ZE+1).GT.
1y -1:0E434)VI2=V11
ELSE
VX2=VXCIXE, IZCN)
V22=VZ(IXE.I2CN)
ITEST=1
ENDIF
¢ FIND VELOCITY IN THE ELEMENT.TO THE LEFT OR RIGHT OF THE PARTICLE
' IFCIXN.LT.1)60 TO 63
IF(LXN:GE.NCOL)GO TO 64
IF(IZE.LT.IDBBRCIXN) .AND. IXN.GT.IXE)GO TO 64
IFCIZE.LT.IDBBRCIXN) .AND. IXN.LT.IXEYGO TO 63
IF(IZE.GE. [DWTRCIYN) .AND. IXN.LT.IXE)GO TO 63
[FCI2E.GE.IDNTRCIXN) .AND. IXN.GT.IXE)GO TO 64
VX3=VXCLXN, [2CE) :
VZ3~VI(IXN, T2CE)
¢ CHECK FOR BOUNDARY
IF(ITEST.EQ.0)60 TO 67
VX4=VX(IXN,IZCN)
VZ4=VZ(IXN.IZCN)
60 TO 66
63 VX3=-vX1
V13svZ1
IF (CHVAL{IXE,IZE).GT, -1.0E+34 . AND;
& CHVALCIXE.IZE+1).6T,-1.0E434)V)3=VX1
60 70 67
64 VX3=-¥X1
VZ3=-v71
IF(CHVALCIXN. TZE).GT.-1.0E+34 ,AND,
&  CHVAL(IXN.IZE+1).GT.-1.0E+34)VX3=VX1
¢ FIND VELOCITY OF CELL DIAGONAL TO PARTICLE
67 VX4=VX3
viemvz2

- ¢ FIND AVERAGE HORIZONTAL VELOCITY OF THE PARTICLE

66 ZLOC=(ZPOS(IPART)- (1ZCE*DELZH- DELZQ))/DELZH
XLOC-(XPOS(IPART) (IXE*DELX-DELXH)) /DELX
A24=XLOC*(VX4-VX2)

AL3=XLOC*(VX3-VX1)
VX24=VX2+A24
¥X13~VX1+A13
VELX=VX13+ZLOC*(VX24-VX13)
‘IFCIXE.GE. TXN)THEN
VX24=VX2-A24
VX13=VX1-A13
VELX=YX13-ZLOC*(VX24:VX13)
ENDIF
C FIND THE AVERAGE VERTICAL VELOCITY OF THE PARTICLE
A12~LLOC*(VIZ- vzi)
A34-210C*(V24-VZ3)
vZ12=VI1+Al2
VZ34-V23+A34
VELZ=VZ12+XL0OC*(VZ34- VZlZ)
IF(IZCE.GE.IZCNITHEN
vz12=vil- Al2
VZ34=V23-A34
YELZ=V212-XLOC*(VZ34-V212)
ENDIF
¢ FIND NET VELOCITY OF THE PARTICLE
: ‘VEL=SQRT(VELX*VELX+VELZ*VELZ)

C MOVE PARTICLE TO A NEW POSITION BY ADVECTIVE MOTION
XPOSCIPART) = XPQSP + DELT*VELX
ZPOSCIPART) = ZPOSP + DELT*VELZ

C GENERATE RANDOM NUMBERS TO RANDOMLY MOVE THE PARTICLES BY DISPERSION
~ RONE=RANO{RNSEED)
RTXO=RANO(RNSEED)
RONE=0.5 - RONE
RTNO=0. 5 - RTNO

C. CALCULATE THE D[SPERSIﬁE LENGTHS FOR A PARTICLE
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107§
‘1080
‘1081
1082
1083
1084
1085
1086

1087°

1088
1089
1090
1091
1092
1093
1094
1095
1096

1097 .

1098
1039
1100
1101
1102
1103
1104
1108
1106
1107
1108
1109
1110
1111
112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
132
1133
1132
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1182
1153
1154
1155
1156
1157

1188 -

1159
1160
1161
1162
1163
1164
1165
1166
1167
1168

f

DISPLO-SQRY(24. 0'(DISP(MAPGEO(IXE [ZE))*VEL + DIFF)*DELT)
DISPTR=SORT(24. 0*(0 25*DISP(MAPGEQCIXE, IZE))*VEL + DIFF)*DELT)

* MOVE PARTICLES TO A NEW POSITION BY DISPERSIVE MOTION

XPOS(IPART)=XPOS(IPART) + (DISPLO*VELX*RONE+DKSPTR*VELZ*RT¥0)/VEL
2P0SCIPART)=ZPOS(IPART) + (D[SPLO*VELZ*RONE+DISPTR*VELX*RTHO)/VEL

FIND RO AND COLUMN NUMBER OF THE CELL WHICH CONTAINS THE PARTICLE
IXE-lFIX(XPOS(IPART)/DELX)+1
12E=TFIX(ZPOS{IPART) /DELD)+L
[FCXPOS(IPART) .LT.0: ) IXE=0.0
IF(ZPOS(IPART).LT. 0.)12E=0.0 -
IFCIABSCIXE)..GT.NCOL+NCOL .OR. IABS(IZE). GT- NROW+NROW) THEN
WRITE(6,46) [AE. 1ZE

46  FORMAT(// Swiknasksasnhakhnss FRROR Fveadakayadhihsionid’ [

& * A PARTICLE HAS MOVED TOO FAR BEYOND THE EDGE OF"/
3 * THE REGION: THE CALCULATED ROW AND COLUMN ARE:’.
& 2110/* CHECK PARTICLE TRANSPORT CODE’/)
STOP -
ENDIF

CHECK BOUNDARY CONDITIONS ON PARTICLE MOTION

- 40 IFCIXE.LT.1 .OR. IXE.GE. NCOL)GO TO 41

[F(IZE.GE. IDNTRCIXE) .OR. IZE.GE.IDWTR(IXE+1))GO 70 41
TF(IZE.GE. [DBBR( IXE) L AND. IZE.GE. IDBBR(IXE+1))60 TO 49
DETERMINE IF PARTICLE MOVED HOR[ZONTALLY OR VERTICALLY OUT QOF THE ELEMENT
41 A=1.E35 )
IF(LZEP:GT.[2E)A=1POSP= (IZEP 1)*DELZ
IF(IZEP.LT. 12E)A=IZEP*DELZ-ZPOSP
B-1.E435
IF(IXEP-GT. IXE)B=XPOSP- (IXEP-1)*DELX
IF(EXEPLLT.IXE)B~IXEP*DELX-XPOSP
MOVHOR=, TRUE,
IF(A/VELZ .LT. B/VELX)MOVHOR-. FALSE
IF(MOVHOR .AND. IXE.LT.IXEP)GO TO 42
IF(MOVHOR. . AND: TXE.6T. IXEP)GO. TO 43
IF(.NOT.MOVHOR .AND. IZE.LT.IZEP)GO. 10 44
IF(.NOT.MOVHOR .AND, IZE.6T.IZEP)GO TO 45
ADJUST FOR VERTICAL MOVEMENT QUT OF THE ELEMENT
45 IF(CHVAL(IXEP 12EP+1).6T. -1.0E+34 .AND. CHVAL(IXEP+1,IZEP+1).GT.
& - -1.0E+34)G0 TQ 53
ZPOS(IPART)-Z *([ZEP+1)*DELZ- -ZPOS(IPART)
60 TO 48
44 TF(CHVALIXEP,IZEP).GT.-1:0E+34 LAND. CHVAL(IXEP+1. IZEP) GT.
& -1,0E+34)60 TO 53
1POS(TPART)=2 . *(IZEP-1)*DELZ-ZPOS(IPART)
GO TQ 48 -
ADJUST FOR HORIZONTAL MOVEMENT OUT OF THE ELEMENT
43 TF(CHVALCIXEP+1,1ZEP).GT.-1,0E+34 .ARD. CHVAL(IXEP+1 1ZEP+1).6T.
& -1.0E+34)G0 TO 53
" XPOS(IPART)=2.*(IXEP+1)*DELX-XPOS(IPART)
60 TO 48
42 [F(CHVAL(IXEP,IZEP).GT.-1.0E+34 .AND. CHVAL(IXEP.IZEP+1). GT.
& -1.06+34)G0 10 53
XPOS(TPART)=2; ;*(IXEP-1)*DELX-=XPOS( IPART)
FIND THE NEW POSITION OF THE PARTICLE
48 IXE=IFIX{XPOS{IPART)/DELX)+]
IZE-IFIX(ZPOS(IPART)/DELZ)+1
60 T0 40

CHECK TO SEE IF THE PARTICLE IS IN A REGION OF NO MOVEMENT
49 IF(.NOT.PTCCIXE,IZE))G0 TO 52 _ .

NPCELL(IXE, IZE)-NPCELL(IXE 1ZE)+1

IF(RDC.GT- 0.0IMASS(IPART)=MASS( TPART)*EXP(:- ROC*DELT)
CONCCIXE,[ZE) BELON IS ACTUAL TOTAL MASS PER CELL

CONC(IXE.IZE) = CONC(IXE, IZE) + MASS(IPART)

G0 To 50
52 NXX=NXX+1 .

NPGONE(IXE [ZE)=HPGONECIXE, [2E)+1

‘XPOSUIPART)=-1.0"

60 10 S0

iPARTICLE HAS LEFT THE FLON SYSTEM

53 NXY=NXY+1
XPOS{IPART)=:1.

" END PARTICLE MOVEMENT LOOP

§0° CONTINUE

CALCULATE CONCENTRATION (mg/L) AND DISTRIBUTION OF PARTICLES IN A CELL
00 80 I-1, NHCELL : :
00 80 J=1,NVCELL

IF(CONC(I,Jd) .NE.Q.Q)THEN

KD = SELC*CEC(MAPGEO(I J))/SOLUTE
CONCI=CONC(1,J)/(PORCMAPGEO(I,J))*VOLUME)
BULKP-BULK(MAPGEO(I.J)) ZPOR(MAPGEQ(L,J))

CONC(I.J) BELON IS CONVERTED FROM A MASS/CELL TO A CONCENTRATION/CELL
CONC (L. J)=(CONCT + KD*BULKP*CONCP(1.J)) /(1. + KD*BULKP)
CONCR(I.J)=CONC(.J)/CONCT
CONCP(I,d)=CONC(I.d)

ENDIF
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1169
1170

1171
1172

113
1174

1175

1176
1177
1178

1179 .

1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
i191
1192
1193
1104
1195
1156
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218

1219 .

1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231,
1232
1233
1234
1235
1236
1237
i23s
1239
1240
a4

1242

1243

jaae
1245

1246

1247

1248

1249

1250

1251

1252

1253
. 1254
1255
1256
1257
1258

80 CONTINUE

C WRITE SIMULATION RESULTS
YEAR=TIME/365,0

TK=KTTME/NSKIP*NSKIP

[FCIK.NE.KTIME ,AND. KTIME.NE:NTIME)GO TO 98

WRITE(6.130)YEAR, TIME
130 FORMAT(1H1,'ELASPED TIME IN YEARS:’.F13,2/

& » ELAPSED TIME IN DAYS:*.Fi3.2})

WRITE(6,131)NPART
131 FORMAT(/® TOTAL NUMBER-OF PARTICLES ADDED:".2X.15/)

DO 245 K-1,NRCELL

WRITE(6.141)NPERCK, ITIME) ,LRON(K). LCOLLK)
245 CONTINUE o ] v
141 FORMAT(1X.I5,' PARTICLES ADDED AT ROW'.I3,". COLUMN',13) ‘

PRINT THE: DISTRIBUTION OF NON-MOVING REFERENCE PARTICLES
IF(IC(IS))THEN
WRITE(6,145)
145  FORMAT(///° DISTRIBUTION OF NON-MOVING REFERENCE PARTICLES*/)
HR[TE(G 146)NXX NPARY
146  FORMAT(I9," OUT OF',[5.° PARTICLES HAVE LEFT THE CONFINING BED’)
NRITE(6.147)INXY . NPART
147  FORMAT(I9." OUT OF',I5." PARTICLES HAVE LEFT THE FLOW SYSTEM'//)
00 250 [=-1,NHCELL
HR[TE(G 160) (NPGONE(I,d).J=1,NVCELL)
250  CONTINUE
150  FORMAT(1X.25I5)
END[F

©

«©

PRINT THE DISTRIBUTION OF REFERENCE PARTICLES
IF(IC(12) ) THEN
WRITE(6,130)YEAR. TIME
NRITE(G, 160)
160  FORMAT(//* DISTRIBUTION oF REFERENCE PARTICLES®//)
DO 255 I=1,NHCELL
WRITE(E, 150)(NPCELL(I,J),d=1,NVCELL)
265  CONTINUE
PRINT THE CONCENTRATION DISTRIBUT[ON
NRITE(6,130) VEAR, TIME
WRITE(6.170)
170 FQRMAT(//' CONCENTRATION DISTR[BUT[ON (mg/L)" /1)
DO 260 I~1,NHCELL
WRITE(6,172) (CONE(I.J).J=1 NVCELL)
260 CONTINUE
172  FORMAT(1X.20F6.2)
ENDIF )

©

OUTPUT DISTRIBUTION OF PARTICLES TO A PLOTTING FILE
IF(IC(13))THEN
“NRITE(11,851)YEAR
851  FORMAT(1F10.1)
DO 810 J=1,NVCELL
WRITE(11.852) (NPCELL(T,J) . 1=1, NHCELL)
810  CONTINUE
852  FORMAT(10110)
ENDIF

o

N

€ OUTPUT CONCENTRATION DISTRIBUTION TO A PLOTTING FILE
IFCIC(14)) THEN
NRITE(12,851)YEAR
00 B20 J-1.NVCECL
) WRITE(12,822) (CONC(I.J) ., I=1,NHCELL)
820  COMTINUE
822 FORMAT(10E10.4)
ENDIF

C END -OF SIMULATION LOOP
90 ITIME=-ITIME+I
IFCITIME,LE.NTIMEYGO TO 1
RETURN
END

RwFedk ke Tk khdrtehddediohk pefededede ook de el e ke ke g AR AR RK WK RT IV KAk K

) SUBROUT[NE ESCAPE

*

*  SUBROUTINE WHICH CALCULATES THE MINIMUM TIME REQUIRED FOR A PARTICLE TO
* - LEAVE A CELL UNDER THE INFLUENCE OF THE GROUNDNATER VELOCITY FIELD ONLY.
*

*
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*
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*
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P
»
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SUBROUTINE PARAMETERS AND VARIABLES

DELX .: HORIZONTAL NODE SPACING. [N METERS
DELZ : VERTICAL NODE SPACING. [N METERS

NCOL  : NUMBER OF COLUMNS OF NODES
NHCELL: NUMBER OF CELLS IN THE HORIZONTAL DIRECTION

OO0 OO
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EXT  : MINIMUM TIME REQUIRED FOR A PARTICLE TO LEAVE A CELL UNDER THE
IDNTR : RON NUMBERS (1/COL) THAT DEFINES THE POSITION OF THE WATER TABLE
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V27  : AVERAGE VERTICAL GROUNDNATER VELOCITY IN A CELL

C NROX : NUMBER OF ROWS OF NODES

C NVCELL: NUMBER OF CELLS IN THE VERTICAL DIRECTION

C NVELM : NUMBER OF ELEMENTS IN THE VERTICAL DIRECTION

c WX : GROUNDNATER VELOCITY IN THE HORIZONTAL DIRECTION
C VXX : AVERAGE HORIZONTAL GROUNDWATER VELOCITY IN A CELL
¢ vz : GROUNDNATER VELOCITY IN THE VERTICAL DIRECTION

[+

C

***fﬁt****tit*ﬁ**************ﬁ*?***i****it*tt'ﬁﬁ*****iitt***ii*i**ii*ﬁ'******t*
. include °dpct.inc’

DO 30 I=-1,NHCELL
IRR=0
D0 30 J~-1,NVCELL
IF(J.GE.IDNTR(I) .OR. J.GE.IDNTR(I+1))GO TO 31
IRR=IRR+2
IF(J.LY.IDBBR(I) .OR. J.LT.IDBBR(I+1))6C TO 31
VXX=0.5*(VX(I.[RR)+VX(I.IRR-1))
VZ2-0.5%(VZ(1; TRRY+VZI(I,[RR-1))
if(abs{vxx).1t.1.2-15)vxx=1.e-1§
1f(abs(vzz).1t.1.e-15)vzz=1.e- 15
© VXX=DELX*0.5/ABS(VXX)
V22=DEL2*0.5/ABS(V22)
EXT(I,J)=AMINI (VXX.VZZ)
EXT(1,d)=ALOGLOCEXT(T.))
GO TO 30
31 EXT(1.0)~35.0
30 CONTINUE

C OUTPUT PARTICLE TIME-STEP GUIDE FIELD
IF(IC(10))THEN
WRITE(6.101)
101 -FORMAT(1H1.* TIME FOR PARTICLES TO LEAVE EACH CELL'/1X,
& "(ALL VALUES EXPRESSED AS ANTILOG BASE 10)°)
K=0
7 K=K+2§
KM=K-24
IF(NHCELL.LT. K)K-NHCELL
NRITE(6,102) (1, I=KM K)
102  FORMAT(//1X, 'COLUMN *.2515/)
D0 80 J=NVCELL,1,-1
WRITE(6,104) (EXT(I.4),1=KM.K)
104 FORMAT (8X ; 25F5 1)
80  CONTINUE
[F(K.GE.NHCELL)THEN
WRITE(6.106)
106 FORMAT(1H1)
ELSE
. HRITE(6.105)
108 FORMAT(1X//1)
GO TO 7
ENDIF
ENDIF

C  OUTPUT PARTICLE TIME:STEP GULDE TO THE PLOTTING FILE
IFCIC(21))THEN
DO 830 J=1,NVCELL
" WRITEC13,811)(EXT(1.3).I=1, NHCELL)
830 CONTINUE
B11  FORMAT(15F7.3)
ENDIF
RETURN
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FUNCTION RAND(RNSEED) *

****t'*iI'i****i**************ﬁ*******'ﬂ***t***t***tt***tk*******I*i*!t***i**t

FUNCTION WHICH GENERATES RANDOM NUMBERS BETNEEN O AND 1

*

*

*  The original random number generator is replsced by & random number

* generator which will generate random numbers on a P.C. (May, 1997)

*  “RANQ" from page 270 of: N.H. Press. A.A. Teuklosky, W.T. Vetterling.
* and B.P. Flannmery. 1992. Numerical Recipes in FORTRAN: The Art.of

*  Scientific Computing. 2nd Edition. Cambridge University Press.

*

% %% B % % o %
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INTEGER RNSEED. [A. IM, IQ. IR, MASK, K

REAL RANO. AM . o
PARAMETER (IA=16B07, IM~2147483647, AW=1./IM,
& 10-127773, IR=2836, MASK=123459876)

RNSEED = IEOR(RNSEED.MASK)

K = RNSEED/IQ N

RNSEED = [A*(RNSEED-K*IQ) - IR¥K
TF(RNSEED. LT.0)RNSEED = RNSEED + IM
RAND = AM®RNSEED

RNSEED = IEOR(RNSEED.MASK)

RETURN

END
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LISTING OF THE INCLUDE FILE
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OPCT. INC
INCLUDE for the DPCT code

- created August 7, 1997

LIST OF PARAMETERS:

maxnx  NUMBER OF COLUMNS OF NODES

maxnz : NUMBER OF ROWS OF NODES

mxzone : NUMBER OF HYDROSTRATIGRAPHIC UNITS

mxchd : NUMBER OF CONSTANT HEAD NODES

maxbnd : BANDWIDTH FOR THE PROBLEM

maxtim ; NUMBER OF TIME STEPS IN THE SIMULATION

maxpart: NUMBER OF PARTICLES USED IN THE SIMULATION

maxnrc : NUMBER OF CELLS WHICH RECEIVE PARTLCLES

maxnn : NUMBER OF NODES IN THE PROBLEM (calculated by dpct)
maxne : NUMBER OF ELEMENTS IN THE PROBLEM (calculated by dpct)

maxnxe : NUMBER OF ELEMENTS IN THE X-DIRECTION (calculated by dpet)
maxnez : NUMBER OF ELEMENTS IN THE Z-OIRECTION (calculated by dpet)

OO0 OOOOOOOOO0O00ON

¢ USER SUPPLIED VALUES:

PARAMETER(mnxnx-dS maxnz=20)

PARAMETER(mxchd-AS)
PARAMETER(maxbnd=22 )

- PARAMETER(maxtim=25)

PARAMETER(maxpart-ZﬁOOO)
PARAMETER(maxnre=1)

C DPCT CALCULATED VALUES

PARAMETER(maxnxe-maxnx 1.maxnze=(maxnz-1)*2)
PARAMETER({ maxnn=maxnx*maxnz., maxne-maxnxe*maxnze)

REAL*8 G(maxnn,maxbnd). GC{maxnn.mxchd), HEAD(maxnn), F(maxnn)

" REAL KX(maxne), KZ(maxne), CHEAD(mxchd),

1 VX(maxnxe.maxnze), V2(maxnxe.maxnze)

REAL DISP(ﬁxzone). POR(mxzone). CEC{mxzone), BULK(mxzone).
1 KHORZ(mxzone), VERT(mxzone). MASS!

REAL X(maxnn).. 2{maxnn). PHI(maxnx.maxnz),
1 XPOS(maxpart), ZPOS(maxpart). MASS(maxpart)

REAL CONCR(maxnxe.maxnze). CONC{maxnxe.mexnze),
1 CONCP(maxnxe,.maxnze), EXT(maxnxe.maxnze)

REAL CHVAL(maxnx.maxnz)
INTEGER*2 [DBBR(maxnx). [D¥TR(maxix). LC(maxfix)

INTEGER*2 MAPGEO(maxnxe.maxnze). NPCELL(maxnxe.maxnze),
1 NPGONE (maxnxe.maxnze)

INTEGER*2 LRON(maxnrc), LCOL(maxnrc), [N(maxne.3),
NPER(maxnrc.maxtim)

LOGICAL*1 TYPE(maxnn), PTC(maxnxe,maxnze)., 1C{16)

COMMON DELX,DELZ NROW,NCOL  NNODE NELM.NVELM,NHCELL . NVCELL  NKODEE,
1 NELME, [BANDE

COHHON /ONE/ MAPGEQ.KHORZ.XVERT, IDBBR,CHYAL,IC, IDNTR.CHEAD,
X.2.TYPE, IN.KX, K2

COMHDN /TMO/ANGLE.G.F HEAD.LC.PHI NCHEAD,GC

COMMON /THREE/PQR, VX, VZ EXT

COMMON /FOUR/ LCOL.(RON.PTC,NPER.DISP.CEC.DELT,NTIME. NRCELL

1 CONCR.NPGONE.CONC.NPCELL.CONCP, SOLUTE . SELC,BULK.
2 HAFLIF NSKIP,MASSI XPOS,ZPOS.MASS,DIFF
61
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RADIOACTIVE WASTE REPOSITORY: EXAMPLE 1.
TTTTTFTTTTTITITTCF
17 45 1 25 5 24 6
6931.0 150.0 1825.E+04 0.00
0.1 0.0 -1.0 500000.0 0.00028
16 6 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 1000 100 100 100 100 100 100 100 100
17 1717 17 17 17 17 17 17 17 17 17 17 17 17-17 17 17 17 17 17 17 17 17 17
17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17
11r1111111111111111111111.1 ' '
111111111111 1111111 '
117 6100. "2 17 6075. 3 17 6050. 17 6025. 5 17 5925. 6 17 5750.
7 17 5600. 8 17 5525. 9 17 5500. 10 17 5475. 11 17 5415, 12 17 5355.
13 17 5295. 14 17 5235. 15 17 5175. 16 17 5115. 17 17 5055. 18 17 4995
19 17 4935. 20 17 4875, 21 17 4815. 2

1
4
0
6

?

— .- —-— -
l |

1  0.58+02 - .14E+01 3.0E-01 0.5E+01
2 0.1E-01 0.1E-02 3.0E-01 0.5£+01
3 0.1E-04 0.1E-05 3.0E-02 0.5£+01
4 0.4E+02 0.7E+02 3.0E-01 0.5E+01
5
6

0.5£-05 0.5£E-06 3.0£-02 0.5£+01

0.4E+01 0.7E-00 3.0E-02 0.5E+01 .

44111111111111121111111111111111111111113111

441111111111111111111111117111111111111111111
34422111111111111111111111111111111111111111

©344221111111111111111111111111111112111111111

33442211111111111111111111111111111111111111
33442221111111111111111111111121111111111111
33342221111111111111111111111111111111111111
33344222222222222222225222222222222221111111
33334422223333333333335333333333333222222111
33334422223333333333335333333333333222222111
33333442223333333333335333333333333322222444
33333442223333333333335333333333333222222444
33333342222233333333335333333333333222222444
33333344442222222222225222222222222224444444
33333333344444444444446444444444444444444444
33333333344444444444446444444444444444444444

65

MMM

1.
1.
1.
1.
1.
1

]

0
0
Ot-
0
]

2 17 4715. 23 17 4615. 45 17 2500

E-00

E- 00'

£-00
E-00




RADIOACTIVE WASTE REPOSITORY: EXAMPLE 2.
TTTTTFTITTTTTITTITF
17 45 1" 12 1 45 5
§00.0 100.0 1.5 0.00

0.1 0.0 -1.0 141.0 0.00028

35 3 100 100 100 100 100 100 100 100
11 1111 11 11 12 12 12 12 12 12 12 12 12 13 13 13
13 13 13 13 14 14 14 14 14 14 15 16 16 17 17 17 17

111111111111 111
111111111111 111

1
1

111 3800. 2 11 3810. 3 11 3820. 4 11 3830.
7 12 3862. 8 12 3874. 9 12 3887. 1012 3900.
13 12 3945. 14 12 3960. 15 13 3985. 16 13 -3990.
19 13 3996. 20 13 3997. 21 13 3998. 22 13 3999.
25 13 4002. 26 13 4003. 27 13 4010. 28 13 4025.
31 14 4070. 32 14 4095. 33 14 4110. 34 14 4125.
37 16 4240. 38 16 4295. 39 17 4350. 40 17 4360.

43 17 4410. 44 17 4415. 45 17 4420.

1 0.0e+00 O0.0E+00 O0.0E-00 0.0E+00
2 1.0E-02 1.0E-02 .3.0E-01 O0.5£+01
3 §5.0E-02 5.0£-02 3.0E-01 0.5E+01
4 1.0e-01 1,0E-01 3.0E-01 0.5E+01
5 1.3e-01 1.3t-01 1.0E-04 0.5E+01

111111111111111111111T1111111111111111555555
11111111111111111111111111111111111155555555
111111111111111111311111111111111111555555555
11111111111111111113111111111555555555555555
T1111111111111222255555555555555555555555555
11111222222222225555555555555555555555555555

22222222222222555555555555555555555555555555 -

22222222222225555555555555555555555555555555
33333333333355555555555555555555555555555555
33333333333555555555555555555555555555555555
33333333335555555555555555555555555565556555
33333333335555555555555555555555555555555555
44444444455555555555555555555555555555555555
44444444455555555555555555555555555555555555
44444444555555555555555555555555555555555555
44444444555555555555555555555555555555555555

1111
1111
3840.
3915.
3994.
4000.
4040.
4140.
4390.

511
11 12
17 13
23 13
29 13
35 14
41 17

En B s B 2 B e 2 |

13 13

100 100 100 100
131313
17 17 17

13 13 13
1 11

3850.

- 3930.

3995.
4001.

4055,

4190.
4403.

1.0E+00
1.0E+00
1.0E+00
1.0E+00
1.0E+00
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RADICACTIVE MASTE REPOSITORY: EXAMPLE 1,

B L T L e

QUTPUT LISTINGS AND PROBLEM CONTROL

A A AT 4

T = =t

CROSS-SECTION SUMMARY

17 : NUMBER OF ROXS
45 : RUMBER OF COLUMNS
6 : NUMBER OF GEOLOGICAL UNITS

6931.00 :
160.00 :

: RUN THE MASS TRANSPORT ROUTINE -
: PRINT THE NODE CO-ORDINATES

: PRINT THE ELEMENT INCIDENCES

: PRINT THE ELEMENT HYDRAULIC CONDUCTIVITIES
: PRINT THE TOTAL HEAD VALUES

: CALCULATE THE VELOCITY FIELD
+ PRINT THE. YELOCITY FIELD

: RUN THE TIME-STEP GUIDE ROUTINE
: PRINT THE TIME STEP GUIDE

: OUTPUT THE HEAD VALUES TO A PLOTTING FILE

HORIZONTAL NODE SPACING (ft)
VERTICAL NODE SPACING (ft)

24 : NUMBER OF CONSTANT HEAD NODES
.00 : ANGLE OF INCLINATION OF Kh AND Kv FROM THE HORIZONTAL (degrees)

CONTAMINANT PARAMETERS

-1.00 : HALF-LIFE (days).
S : NUMBER OF STEPS BETNEEN LISTINGS

25 : NUMBER OF STEPS IN TIME
.10 @ TOTAL CONCENTRATION IN SOLUTION ¢mg/L)
.00 : SELECTIVITY COEFFICIENT FOR EXCHANGE

18250000.00 :
$30000.00

SIZE OF THE TIME-STEP (days)
INITIAL MASS ADDED PER PARTICLE (mg)

: OUTPUT THE TIME-STEP GUIDE TO A PLOTTING FILE
: PRINT THE PARTICLE AND CONCENTRATION DISTRIBUTION

;. OUTPUT THE PARTICLE DISTRIBUTION TO A PLOTTING FILE

: OUTPUT THE CONCENTRATION DISTRIBUTION TO A PLOTTING FILE
: PRINT THE DISTRIBUTION OF NON-MOVING REFERENCE PARTICLES
: USING DISTANCE UNITS OF FEET

1 : NUMBER OF CELLS RECEIVING PARTICLES

.00 : COEFFICIENT OF BULK DIFFISION (ft2/d)

NUMBER OF PARTICLES ADDED TO THE SYSTEM PER TIME-STEP

ROW COL
6 16

1
1

PARTICLES ACOED PER STEP

ROX¥ AND COLUMN NUMBERS OF THE WATER TABLE

0L RON  COL ROW

117 2z 1
11 17 12 17
21 17 .22 1
n o 3
a1 17 4z 17

coL

00 100 100 100
00 100 100 100
RON  COL RON  COL ROW
17 4« 5 17
17 14 17 15 17
17 24 17 25 17
17 34 17 35 17
17 44 17 a5 17

RON AND COLUMN NUMBERS OF THE BOTTOM BOUNDARY

COL ROX  COL ROW

101 2 1
111 12 1
a1 22 1
3t 1 32 1
41 1 42 1

CONSTANT HEAD VALUES

COL RON  HEAD
1 17 6100.000
7 17 5600.000
13 17 5295.000
19 17 4935.000

coL.

ROW COL ROX  COL ROW
1 1 5 1
1 14 115 1
1 2 1 25 1
1 3 1 35 1
1 44 1 45 1
COL RON  HEAD coL
2 17 6075.000 3
8 17 5525.000 9
4 17 §235.000 15
20 17 4875.000 21

PARAMETERS FOR THE HYDROSTRATIGRAPHIC UNITS

100
100

coL
16
36

coL

16
26
36

RO

17
17
17

100 100 . 100 100 100
100 100 100 100 100
ROW COL ROW COL RON  COL ROW
17 7 17 8 17 9 17
17 7 17 18 17 19 17
17 27 17 28. 17 29 17
17 37 17 38 17 39 17
ROW  COL RON  COL RON  COL ROW
1 7 1 - 8 1 9 1
1 17 1 18 1 19 1
i 27 1 2 1 2% 1
1 37 1 38 1 39 1
HEAD COL ROW  HEAD
6050.000 4 17 6025.000
5500.000 10 17 5475.000
5175.000 16 17 $§115.000
4815.000 22 17 4715.000
69

coL

1
17
23

ROW

———

ROW
17
17
17
17

100 100

HEAD
5925.000
5415.000
5055.000
4615.000

100

COL ROW
6

12
18
45

17
17
17
17

100

HEAD
§750.000
§355.000

-4995,000

2500.000

L
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UNIT kh kv POROSITY DISPER CEC PTCI* BULK

1 .50000E402 ,14000E+01 .30000E+00 .50000€+01 .10000E#00 . F .10000E+01
2 .10000E-01 .10000€-02 30000E+00 .50000E+01 10000E+00 F .10000E+01
3 .10000E-04 .10000E-05 +30000€-01 .50000E+01 10000E+00 T .10000E+01
4 .40000E+02 ;J0000E+0Z  * .30000E+00 .50000€+01 .10000€+00 F .10000E+01
5 .50000E-05 .50000E- 05 .30000E-01 .50000E+01 .T0000E+00 F .10000£+01
6 40000E+01 .70000E+00 .30000€-01 .50000E+01 .10000£+00 F .10000E+01

* T=-MOVEMENT ALLOWED
F=MOVEMENT NOT ALLONED

MAP OF HYDROSTRATIGRAPHIC UNITS

4411111111111111111111]111111111111111111111
4411111111111 T 10T IR0 LT 13111 1
3442211111111 1111111111111112121 111221312111
344221111111111111111111113111111111111111111
3zadz2ninnunniimniimiimmnimi
33442221111111111111111111111111111111111111
33342221111111111121111211111113111111111111
33344222222222222222225222222222222221111111
33334422223333333333335333333333333222222111
33334422223333333333335333333333333222222111
3333344222333333333.335333333333333322222444
333334422723333333333335333333333333222222444
33333342222233333333335333333333333222222444
33333344442222222232 :2222 2222 22224444444

33333333‘2AAAAAAAAAAA :AAAA 14444444444444444

33333333344444444444445444444444444444444444

FINITE ELEMENT GRID NODE CO-ORDINATES

NODE TYPE X 2 NODE  TYPE X H NODE  TYPE X ]
1 F .000 .000 2 F .000 . 150000 . . 3 F 2000 300.000
4 F -000 450.000 5 F .000 600.000 6 F .000 750.000
7 F .000 900.000 8 F .000 1050. 000 g f .000 1200.000
10 F <000 1350.000 1 F .000 1500.000 12 F .000 1650.000
13 F .000 1800.000 13 F .000 1950. 000 15 £ .000 2100.000
16 F .000 2250.000 17 1 .000 2400. 000 "18 F £931.000 . .000
19 F 6931000 150.000 20 F 6931.000 300.000 2 £ 6931.000 450000
22 F 6931.000 600.000 23 F 6931,000 750.000 .24 £ 6931.000 900000
25 F 6931.000 1050.600 26 F 6931.000 1200.000 27 F 6931.000 1350.000
28 £ 6931.000 1500.000 29 F 6931.000 1650.000° - 30 F 6931.000 . 1800.000
3 F 6931.000 1950.000 32 F 6931.000 2100.000 33 F 6931.000 2250.000
34 T 6931.000 2400.006 3s F 13862..000 .000 36 F 13862.000 150.000
37 F 13862.000 360.000 8 F 13862.000 450.000 39 F 13862.000 600.000
40 F 13862.000 1750.000 4 F 13862.000 900,000 42 f 13862.000 1050000
43 F o 13862.000 1206.000 48 F 13862000 1350.000 45 F 13862.000 1500..600
46 F 13862.000 1650.000 47 F 13862..000 1800.000° 48 F 13862.000 1950.000
49 F 13862.000 2100.000 50 F 13862.000 2250.000 51 T 13862.000 2400.000 !
52 F 20793.000 .000 53 F 20793000 150.000 54 F 20793.000 300000 \
55 F 20793.000 . 450.000 56 F 20793.000 600.000 57 F 26793.000 750.000 :
58 f 20793.000 900.000 59 F 20793.000 1050.000 60 F 20793.000 - 1200.000
61 F 20793.000 1350.000 62 F 20793.000 1500.000 63 £ 20793.000 1650.000
64 F 20793.000 1800.000 68 £ 20793.000 1950.000 66 F 20793.000 2100.000
67 F 20793.000 2250.000 68 T 20793,000 2400.000 69 f 27724.000 .000
70 F o 27724.000 150.000 71 f 27724.000 300.000 - 72 F 27724.6G00 450.000
73 F 27724.000 . -600.000 S 7! F 27724.000 750.000 75 F 27724.000 900.000 -
76 F 27724.000 1050.000 7 F 27724,000 1200.000 78 F 27724000
79 £ 27724.000 J560.060 80 F 27724.000 1650.000 & - f 27724000
82 F .27724.000 1950.000 83 F 27724.000 2100.000 84 F 27724.000
85 T 27724.000 2400.000 86 £ 34655,000 .000 87 F . 34655.000 J
88 F 34655.000 300.060 . 8¢ f 34655.000 450.000 90 f -34655.000
91 F 34655.000 750.000 52 F 34655.000 900.000 93 F 34655.000 '1050.000
94 F 34655.000 1200.000 95 F '34655.000 1350..000 96 F 34655.000 1500.000
97 F o 34685.000 1650.000 98 F 34655,000 1800.000 99 f 34655.000 1950000
100 F 34655.000 2100.060 101 F 34655000 2250..000 102 T 34655, 000 - 2400..000
103 F 41586.000 .000 104 F 41586..000 150.000 108 F 41586.000 300.000
106 F 41586.000 450.000 107 F 41586.000 600.000 108 f 41586.000 750.000
109 F 41586.000 900.000 110 F 41586.000 1050. 000 m £ 41586.000 1200.000 -
112 F 41586.000 1350.000 113 F .41586.000 1500. 000 1ns F 41586.000 1650.000
115 F 41586.000 1800.000 116 F 41586.000 1950.000 117 F 41586.000 2100.000 ;
118 F . 41586.000 2250.000 - 119 T 41586.000 2400.000 120 F 48517.000 .000 ‘
121 F 48517.000 150.000 122 F . 48517.000 300.000 123 F 48517.000 450,000
124 F 48517.000 600.000 125 F 48517.000 750.000 126 F 48517.000 900.000
127 F  48517.000 1050.000 128 F 48517000 1200.600 129 F 48517.000 1350.000
130 F 48517.000 1500. 000 in F 48517.000 1650.000 132 F 48517.000 1800.000
133 F o 48517.000 1950.000 138 F 48517.000 2100.000 135 f 48517.000 2250.000 i
136 T 48517.000 2400,000 137 F 55448.000 .000 138 F 55448.000 160.000
139 F 55448,000 300.000 140 F 55448.000 450.000 141 F £5448.000 600.000
142 F 55448000 750.000 143 f 55448, 000 900.000 144 F 55448.000 1050.000
145 F 55448.000 1200.000 146 £ 55448.000 1350.000 147 £ 55448.000 1500.000
i48 - F  55448.000 1650. 600 149 F 55448000 1800.000 150 F §6448.000 - - 1950.000
151 F 55448.000 2100.000 182 F 55448.000 2250.000 . 183 i 55448000 2400.000
154 F 62379.000 .000 155 F 62379.000 150.000 156 f 62379.000 300.000
70 I
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167
160
163
166
169
172
175
178
181
184
187
190
193
196
199
202
208
208
211
214
217
220
223
226
228
232
235
238

281

244
247
250
253
256
259
262
265
268
n
274
217
280
283
286
289
292
295
298
301
304
307
3la
N3

316

319
322
325
328
33
334
337
340
343
346
348
352
3856
358
361
364
367
370
an
376
379
382
385
388
391
394
397
460
403
406
409
412
415
418
a1
424
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62379.000
62379.000
62379.000
62379.000
62379.000
69310000
69310.000
69310.000
69310.000
63310.000
69310.000
76241000
76241.000
76241.000
76241.000
76241000
83172.000
83172.000
83172.000
83172.600
83172.000
83172.000
$0103.000
90103.000
90103000
90103.600

90103.000

90103.000
97034.000
$7034.000
97034.000
$7034.000
$7034.000
103965.000
103965.000
103965.000
103965.000
103965.000
103965.000
110896. 000
110896.000
110896.060
110896.000
110896.000
110896.000
117827.000
117827.000
117827.000
117827.000
117827.000
124758.000
124758.000
124758.000
124758.000
124758.0600
124758.000
131689.000
131689.000
131689.000
131689.000
131689, 000
131689.000
138620.000
138620.000
138620.000
138620.000
138620.000
145551.000
146551, 000
145551.000
145561, 000
145551, 000
145651000
152482. 000
152482.000
152482000
152482.000
152482.000
152482.000
159413, 000
159413000
159413.000
159413.000
159413.000
166344000
166344.,000
166344000
166344.000
166344000
166344000

N

450,000
900.000
1350.000
1800.000
2250.000

150,000

600.000
1050.000
1500.000
1950.000
2400.000

2100.000
.000
450,000
$00.000
1350.000
1800.000
2250.000
150.000
600.000
1050.000
1600.000
1950.000

2400.000 -

300.000
750.000
1200.000
1650.000
2100.000

000
450.000
$00.000
1350.000
1860. 000
2250.000
150.000
600000

'1050.000

1500.000

. 1850000

2400.000
300.000
750,000

1200000

1650.000

2100.000

L0060
450.000
900.000

1350000

1800. 000

2250.000
150.000
600.000

1050. 000

1500. 000

1950.000

. 2400.000

'300.000
750,000
1200.000
1650. 000
2100.000

.00
450.000
900.000
1350.000
1800.000
2250.000
150,000
500.000
1050.000
1500.000
1950.000
2400.000
300.000
750.0060
1200.000
1650.000
2100,000

.000
450.000
900.000
1350.000
1800.000
2250.000

158

209
212

260
263

302

305

425
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62379.000
62379.000
£2379.000
62379.000
62379.000
69310000
§9310.000
69310.000
69310000
69310.000
176241.000
76241.000
76241.000
76241.000
76241.000
76241.000
83172.060
83172000
83172.000
83172.000
83172.000
83172.000
$0103.000
$0103,000
90103000
$0103.000
90103.000
97034000
§7034.000
§7034.000
97034.000
97034.000
97034.000
103965.000
103965. 600
103965.000

- 103965.000

103965.000
103965.0060
110896.000
110896.000
110896.000
110896.000

110896000

117827.000
117827.000
117827.000
117827.000
117827.000
117827.000
124758.000
124758.000
124758.000
124758.000
124758.000

'124758.000

131689.000
131689.000

'131684.000

131689.000
131689.000
138620.000
138620.000
138620.000
138620.000
138620.000
138620000
145851.000
145851,000
145551, 000
145551, 000
145551.000
145551.000
152482.000
152482.000
152482.000
152482.000
152482.000
159413.000
159413.000
159413.000
1§9413.600
155413.000
159413.000
166344000
166344000
166344.000
166344.000
166344,000
166344.000

71

600.000
1050.000
1500.000
1950.000
2400.000

300.000

750.000

1200.000

1650.000
2100.000
.000
450.000
900.000
1350.000

2100.000
000

" 450.000

$00.000
1350.000
1800.000
2250.000
150.000
660.000
1050.000
1500.000
1950. 000
2400.000
300.000
750.000
1200.000
1650.000
2100.000
.000
450.000
400.000
1350.000
1800.000
2250..000
150.000
600.000

1050.000

1500.600
1950.000

2400.000 -

300000
750.000
1200.000
1650000
2100.000
~000
450000
$00.000

1350.000°

1800.000
2250.000
150.000
600.000
1050.000
1500.000
1950.000
2400600
300.000

750.000

1200.000
1650.000
2100.000
-000
450.000
900.000
1350.000
1800.000
2250.000
150.000
600.000
1050.000
1500.000
1950.000
2460.000

159
162
165
168
171
174
177
180
183
186
189
192
195
198
201
204
207
210
213
216
219
222
225
228
231
234
237
240
243
246
249
252
255
258

. 261

264
267
270
Py
276
279
282
285
288

291 .

294
297
300
303
306

309 -

312
315
18
321

324
327

330
333
336
339
342
345

- 348

351
354
357
360
363
366
369
372
375
378
381

384 -

387
390
393
396
359
402
405
408
411

414

417
420
423

426
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62319.000
62379.000
62379.000
62379.000
69310.000
69310.000
£9310.000
69310.000
69310.000
69310.000
76241.000
76241,000
76241.000
76241.000
76241.000
76241.000
83172.000
83172.000
83172.000
83172.000
83172000
90103.000

© 90103.000

90103.000

90103.000"

90103.000
90103000
$7034.000
97034.000
97034000
97034.000
97034.000
97034000

103965.000

103965.000

103965 000

103965.000

103965.000

110896.000

110896.000

110896. 000

110886.000

110896.000

110896.000

117827.000

117827.000

117827.000

117827.000

117827.000

117827.000

124758.000

124758.000

124768.000

124756.000

124758.000

131689.000

131689.000

131689.000

131689.000

131689.000

131689.000

138620.000

138620.000

138620..000

138620.000

138620.000

138620000

145551000

145551000

145551.000.

145551.000
146551000
152482.000
152482.000
152482.000
162482.000
152482.000
152482000
169413000
159413.000
159413.000
159413.000
159413; 000
159413.000
166344050
166344.000
166344.000
166344000
166344000
173275.000

750.000

1200.000

1650.000
2100.000
.000
450.000
900.000
1350.000
1800.000
2250.000

150,000 -

600.000
1050.000
1500.000
1950.000
2400.000

300.000

750.000
1200.000
1650.000
2100.000

.000

450,000

900.000
1350.000
1800.000
2250.000

150.000

600.000
1050.000
1500.000
1950.000

. 2400.000

300.000
750.000
1200.000
1650.000
2100.000

.000
450.000
900.000
1350.000
1800.000
2250.000
150.000
600000
1050.000
1500.000
1950.000
2400.000
300.000
750,000
1200.000
1650.000
2100.000

.60
450.000
900.000
1350.000
1800.000
2250. 000
150.000
600,000
1050.000
1500.000
1950.600
2400.000
300,000
750.000
1200.000
1650.000

2100.000

450,000
900.000
1350.000
1800.000
2250.000
150.000
600.000
1050.000
1500.000
1950.000
2400.000
300.000
750.000
1200. 000
1650000
2166.000

.000

ET



427

807
610

637
640
643
646
649
652
655
658
661
664
667
670
673
676
§79
682
685
688

138

694
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173275.000
173275.000
173275.000
173275.000
173275.000
173275.000
180206.000
180206.000
180206.000
180206.000
180206.000

187137.000

187137.000
187137.000
187137..000
187137.000

187137.900 ©

194068. 000
194068.000
194068.000
194068.000
194068.000
194068, 000
200599000
200999.000
200999.000
200999.000
200999.000
207930.000
207930.000
207930.000
207930.000
207930.000
207930.000
214861.000
214861.000
214861.000
214861.000
214861.000
214861.000
221792.000
221792.000
21792.000
221782.000
221792.000
228723.000
228723.000
228723.000
228723.000
228723.000
228723.000
235654.000
735654.000
235654..000
235654.000
235654.000
235664..000
242585.000

242585.000 .

242585.000
2472585.000
242585.000
249516.000
249516.000
249516.000
249516.000
249516.000
24§516.000

' 256447.000

256447.000
255#47 000
256447.000
256447..000
256447.000
263378.000
263378.000
263378.000
263378.000
263378 000
270309 . 000
27030%.000
270309.000
270309.000
270309.000
270309.000
277240.000
277240.000
277240.000
277240.000
277240.000

150.000

2100000

" 000
450.000
900,000

*1350.000

1800.000
2250.000
150.:000
6§00.000
1050.000
1500.000
1950.000
2400.000
300.000
750.000
1200.000
1650000

-2100.000

.000
450,000
900000

1350.000

1800.000

2250.000
150.000
600.000

1060. 000

1500.000

© 1950.000

2400.000
300.000
750.000

1200.000

1650.000

2100.000

.000
450,000
900.000

1350.000

" 1800,000

2250.000
150.000
600,000

1050.000

1500.000

1950.000

428
431
434
437
440
443

449
452
455
458
461
464
457
470
473
476
479
482

" 488

491
494
497
500
503
506
509
512
515

‘618

521
524
527
530
533
536
539
542

545

548
551
554
557
560
563
566
569
572
575
578
581
584
587
590

693

896
599
602
605
608
6§11
614
617
620
623
626
629
632
635
638
641
644

647

850
653
656
659
662
665
668
671
6§74
677
680
683
686
689
692
695
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173275.000
173275.000
173275.000
173275.000
173275.000
180206.000
180206.000
180206.000
180206.000
180206000
180206.000
187137.000
187137.000
187137.000
187137.000
187137..000
187137.000
194068.000
194068.000
194068.000
194068.000
194068.000
200999.000
200999.090
200999, 000
200999.000
200999.000
200999000
207930.000
207930.000

207930.000 -

207930.000
207930.000
207930.000
214861.000
214861.000
214861.600
214861.000
214861.000
221792.000
221792.000

221792.000

221792.600
221792.000
221792.000
228723.600
228723.000
228723.000
228723.600
228723.000
228723.000
235654.600
235654.000
235654.000
235654000
235654.000
242585000
242585.000
243585, 000
242585.000
242585.000
247585, 000
249516. 000
243516.000
249516.000
249516.000

- 249516.000

249516.000
255447000
256447000
256447, 000
256447.000
256447.,000
263378.000
263378.000
263378000
263378000
263378.000
263378.000
270309.000
270309.000
270309, 000
270309.000
270309, 000
270309.000
277240.000
277240.000
277240 000
277240.000
277240.000

72

300.000
750.000
1200.000
1650.000
2100.000
.000
450.000
900.000
1350.000
1800.000
2250.000
150.000
500.000
1050.000
1500.000
1950.000
2400.000
300.000
750.000
1200.600
1650.000
2100.000
.000

450.000°

900.000
1350.000
1800.000
2250.000

150.000

600.000
1050.000
1500.000
1950.000
2400.000

300.000

750.000
1200.000
1650.000
2100.000

.000

450.000

900.000
1350.000
1800.000
2250.000

150.000

600.000
1050. 000
1500.000
1950.000
2400,000

306.000

750.000
1200.000
1650.000
2100.000

.000

450.000

906.000
1350.000
1800.000
2250.000

19560.000
2406.000
300,000
750.000
1200.000
1650,000
2100.000

.000
450. 000
900.000

' 1350.000

1800.000
2250.000
150.000
§00.000
1050.000
1500.000
1950,000
2400.000
300.000
750.000
1200000
1650.000
2100.000

423
432
435
438
441
444
447
450
453
456
459
462
465
468
4
474
477
480
483
486
489
492
495
498
501
504
507
510
513
515
519
522
525
528
531
534
537
540

543.

546
549
552
555

558.

561
564
567

§70

5713
576
579
582
585
588
591
594
597
600

606
509

612
615

618
621
624
627
630
633
636
639
642
645
648
651
654
657
660
663
666
669
672
675
678
681
684
687
690
693
696
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173275.
173275.
173275.

173275.

173275,

'180206.

1802906.
180205
180206.
180206.

180206.
187137.
187137.
187137.

187137.
187137.
194068.

- 154068.

194068,
194068.
194068,
194068
200999,
200999.
200999
200999,
200999.

214861.
214861.
214861

© 214861,

221792.
221792,
221792.
221792.

000
0co
000
009
000
000
000
[+]¢]+]
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

.000
.000
.000
.000
000
.00
1.000

.000

000
000

-000

000
000
000
000
000

.000
.000
.000
23.000
.000
.000 -
23.000
4000
.000
000
.000

554.000

242585.
242585.
242585
242585.
249516,
249516.
249516

249616
256447

256447

256447,
.000

256447
256447,
263318.
263378,
263378.

263378.

263378.
263378.
270309.
270309.

270309.
000
270309,
277240.
277240,
000
000
.000
.000

270309

277240
217248
277240
277240

.000
bt 'Ooo
242585.

000
000
000
000
000
000
000

.000
249515.
.000
.000
256447,
.00

000

000
000

000
000
000
000
000
000
000
600
000
Q00

000
000
000

450.000
900.000
1350.000
1800.000

2250.000

150.000
600.000
1050.000
1500. 000
1950.000

2400.000 -

300.000
750.000
1200.000
1650.000
2100.000
.000
450.000
900.000
1350.000
1800.000
2250.000
150.000
600.000
1050. 000
1500. 000
1950.000
2400.000
300. 0060
750.000
1200.000
1650. 000
2100.000
.000
450.000
900. 600
1350.000
1800.000
2250.000
150.000
600.000
1050.080
1500.000
1950.000
2400..000
300.000
750.000
1200.000
1650.000
2100.000
.000
450.000
900.000
1350.000
1800, 000
2250.000
150.000
600.000
1050.000
1500.000
1950.000
2400.000
300.000
750.000
1200.000
1650.000
2100.000
.000
450.000
§00.000
1350.000
1800.000
2250.000
150.000

600.000

1050.000
1500.000
1450.000
2460.000
300.000
750.000
1200.000
1650.000
2100,000
.000
450.000
900.000
1356.000
1800.000
2250.000
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697
700
703
706
709
712
715
718
721
724
727
730
733
736
739
142
745
748
75
754
757
760
763
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277240,
.00
.000
<000
.000
.000

284171
284171
284171
84171
284171

291102
291102.
- 291102,
291102
291102,
291102.
298033,
208033,
298033.
298033,
298033.
298033.
304964.
304964.
304964.
304964.
304564.

ELEMENT xncrgsucss
ELEMENT INCIDENCES

177 178

000

000
000
000
000
000
000
Qo0

000 -

000
000
060
000
000

000 .

000
000
000

2400.000
300,000
750.000

1200,000

1650.000

2100.000

,000
450,000
900.000

1350.000

1800.000

2250.000
150,000
600.000°

1050.000

1500000

1950.000

2400.000
300000
750.000

1200.000

1650000
2100.000

ELEMENT INCIDENCES

242
247
252:
257:
262:
267:
.21
277
282:
287
292>
297:
302:

128 146 129
131 148 149
133 151 134
137 154 155
139 157 140
142 159 160
144 162 145
147 164 165
149 167 150
152 169 170
155 173 156
158 175 17¢
160 178 161

698
701
704
707
710
713

716

719
722
725
728
731

134
737
740
743
746
749
752
755
758
761
764

ELEMENT INCIDENCES

MMM T T MM I TMT N TN R T TM R MM e

133

3 135

139
141
144
146

1 149
151

155
157

160
- 162

165

) 167

170

6173

176
178

284171000
284171.000
284171.000

. 284171.000

284171 .000
284171.000

. 291102000

291102.000
291102.000
291102,000
291102,000
291102, 000
298033.000
298033. 000
298033.000
288033:000
298033.000
304964.000
304964.000
304964.000

- 304964.000

304964.000
304964.000

20 0 4
) 9:
25 © 14
10 19:
30 - 24:
15 29:
36 3
21 39:
41 44:
26 49:
46 54:
31 §9:
51 64:
37 69:
57 74:
42 79:
62 84:
47 89:
67 94:
53 99
73 104
58 109
78 114
63 119
83 124
68 129
89 134
74 139
94 144
79 149
39 154
84 159
108 164
90 169
110 174
95 179
115 184
100 189
1217 194
106 . 199
126 204
1 209
131 214
116 219
136 224
122 229
142 234:
127 239:
147 244:
132 249:
152 254:
138 259:
158 264:
143 26D:
163 274:
148 279:
168 284:
153 289:
174 294:
159 299:.
179 304:
73

450.
900-
1350.
1800.
2250,

150.

600.
1050.
1500. 00
1950.000
2400.000
300.000

000

750.000

1200.000
1650.000
2100.000

000

450.000

900.000

1350.000
1800.000
2250.000

161

20
a2
25
@

171
174
176
179

ELEMENT INCIDENCES

23
8

699
702
705
708
711
714
117
720

7286

729 -

132
735
738
741
744
747
750
753
756
759
762

765

ELEMENT

10:

280:
285
290:
295
300:
305:
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284171.000
284171.000
284171.000
84171.000
284171.000
284171.000
291102000
291102.000
291102.000
291102.000
291102000
298033.000
298033.000
298033.000
298033.000
238033.000
298033.000
304964.000
304964000
304964.000
304964.000
304964000
304564.000

INCIDENCES

| 146

148

151

154

157 1
159

162

180

150000

600.000
1050.000
1500.000
1950.000
2400.000

300.000
750000
1200.000
1650.000

2100.000

000
450.000
900.000.

1350, 000
1800.000
2250.000
150;00¢
600.000

'1050.000
-1500:000

1950.000
2400.000 -



306: 162 180 163 307: 163 180 181 308: 163 181 164 309: 164 181 182 310: 164 182 165

311: 165 182 183 312: 165 183 166 313: 166 183 184 314: 166 184 167 316: 167 184 185
316: 167 185 168 317: 168 185 186 318: 168 186 169 319: 169 186 187 320: 169 187 170
321: 171 188 189 322: 171 189 172 323: 172 189 190 324: 172 190 173 325: 173 190 191
326: 173 191 174 327: 174 191 192 328: 174 192 175 325: 175 192 193 330: 175 193 176
331: 176 153 194 332: 176 194 177 ° 333: 177 184 195 .334: 177 195 178 335: 178 195 196
336: 178 196 179 337: 179 196 197 338: 179 197 180 339: 180 197 198 340: 180 198 181
©341: 181 198 199 342: 181 199 182 343: 182 199 200 344: 182 200 183 345: 183 200 201
346: 183 201 184 347: 184 201 202 . 348: 184 202 185 349: 18§ 202 203 350: 185 203 186
351: 186 203 204 352: 186 204 187 353: 188 205 206 . 354: 188 206 189 356: 189 206 207
3856: 189 207 190 357+ 190 207 208 358: 190 208 191 359: 191 208 209 360: 191 209 192
361z 192 209 210 362: 192 210 193 363: 193 210 211 364: 193 211 194 365: 194 211 212
366: 194 212 195 367: 195 212 213 368: 195 213 196 369: 196 213 214 370: 196 214 197 .
371: 197 214 215 372: 197 215 198 373: 198 215 216 374: 198 216 199 375: 199 216 217
376: 199 217 200 377: 200 217 218 378:. 200 218 201 379: 201 218 219 380: 201 219 202
381: 202 219 220 382: 202 220 203 383: 203 220 221 384: 203 221 204 385: 205 222 223
386: 205 223 206 387: 206 223 224 388: 206 224 207 389: 207 228 225 390: 207 225 208
391: 208 225 226 392: 208 226 209 393: 209 226 227 394: 209 227 210 395: 210 227 228
3961 210 228 211 397: 211 228 229 398: 211 229 212 - 399: 212 229 230 400: 212 230 213
401: 213 230 231 402: 213 231 214 403: 214 231 232 404 214 232 215 405: 215 232 233
| 406: 215 233 216 407: 216 233 234 408: 216 234 217 409: 217 234 235 410: 217 235 218
411: 218 235 236 412: 218 236 219 413: 219 236 237 414: 219 237 220 415: 220 237 238
4163 220 238 221 417: 222 239 240 418: 222 240 223 419: 223 240 241 420: 223 241 224
421: 224 241 242 472: 224 242 225 423: 225 242 243 424: 225 243 226 425: 226 243 244 -
426 226 244 227" 427: 227 244 285 . 428: 227 245 228 429: 228 245 246 430: 228 246 229
. 431: 229 246 247 432: 229 247 230 433: 230 247 248 434: 230 248 231 435: 231 248 289
436: 231 249 232 437: 232 249 250 438: 232 250 233 439: 233 250 251 440: 233 251, 234
441: 234 251 252 442: 234 252 235 443: 235 252 253 444: 235 253 236 445: 236 253 254
446: 236 254 237 447: 237 254 255 448: 237 265 238 © 449: 239 256 257 450: 239 257 240
451; 240 257 258 452: 240 258 241 453: 241 258 259 454: 231 259 242 455: 242 259 260
456: 242 260 243 457: 243 250 261 458: 243 261 244 459: 248 261 262 460: 244 262 245
461: 245 262 263 462: 245 263 246 463: 246 263 264 464: 246 264 247 465: 247 264 265
4663 247 265 248 467: 248 265 266 ~  468: 248 266 249 469: 249 266 267 470: 249 267 250
471: 250 267 268 472: 250 268 251 473: 251 268 269 474: 251 269 252 - 475: 252 269 270
476: 252 270 253 477: 253 270 271 478: 253 271 254 479: 254 271 272 . 4B0: 254 272 255
481: 256 273 274 482: 256 274 257 483: 257 274 275 484: 357 275 258 485: 258 275 276
486: 258 276 259 487: 259 276 277 488: 259 277 260 489: 260 277 278 490: 260 278 261
491: 261 278 279 492: 261 279 262 493: 262 279 280 494: 262 280 263 495: 253 280 281
4967 263 281 264 497: 264 281 282 498: 264 282 265 499: 265 282 283 500: 266 283 266
501: 266 283 204 502: 266 284 267 503: 267 284 285 504: 267 285 268 505: 268 285 286
506: 268 286 269 507: 269 286 287 508: 269 287 270 - S09: 270 287 288 510:.270 288 271
511: 271 288 289 512: 271 289 272 §13: 273 290 291 §14: 273 291 274 §i5: 273 291 292
516: 274 292 275 §17: 275 292 293 518: 275 293 276 §19: 276 293 294 520: 276 294 277
. 521: 277 294 295 - §22: 277 295 278 . 523: 278 295 296 524: 278 296 279 525: 279 296 297
526: 279 297 280 527: 280 297 298 528: 280 298 281 629: 281 298 299 530: 281 299 262
531: 282 299 300 532: 282 300 283 $33: 283 300 301 §34: 283 301 284 535: 284 301 302
536: 284 302 285 §37: 285 302 303 538: 285 303 286 = 539: 286 303 304 . 540: 286 304 287
541: 287 304 305 S42: 287 305 288 543: 288 305 306 544: 288 306 269 545: 290 307 308
546: 290 308 291 547: 251 308 309 548: 291 309 292 549: 292 309 310 550: 292 310 293
551: 293 310 311 §62: 293 311 294 §53: 294 311 312 554: 294 312 295 $55: 295 312 313
556: 295 313 296 557: 296 313 314 $58: 296 314 297 569; 297 314 315 560: 297 315 298
561: 298 315 316 562: 298 316299 563: 299 316 317 §64: 299 317 300 565: 300 317 318
566: 300 318 301 567: 301 318 319 - §68: 301 319 302 69: 302 319 320 §70: 302 320 303
s71:.303 320 321 5§72: 303 321 304 5§73: 304 321 322 574: 308 322, 305 575% 305 322 323
576: 305 323 306 §77: 307 324 325 578: 307 325 308 579: 308 325 326 580: 308 326 309
581: 309 326 327 582+ 309 327 310 $83: 310 327 328 584: 310 328 311 s85: 311 328 329
586: 311 329 312 $87: 312 329 330 588: 312 330 313 . '58%: 313 330 331 $90: 313 331 314
$91: 314 331 332 592: 314 332 315 £93: 315 332 333 594: 315 333 316 595: 316 333 334
596: 316 334 317 §97: 317 334 335 598: 317 335 318 §99: 318 235 336 600: 318 336 319
601: 319 336 337 602: 319 337 320 603: 320 337 338 604: 320 338 321 605: 321 338 339
60§: 321 339 322 607: 322 339 340 608: 322 340 323 .609: 324 341 342 610: 324 342 325
611: 325 342 343 612: 325 343 326 §13: 326 343 344 614: 326 344 327 . 615: 327 344 345
616: 327 345 328 617: 328 345 346 618: 328 346 329 619: 329 346 347 620: 329 347 330
621 330 347 348 622: 330 348 331 623: 331 348 349 624; 331 349 332 625: 332 349 350
626: 332 350 333 627: 333 350 351 628: 333351 334 629: 334 351 352 630 334 352 335
631: 335 352 353 632: 335 353 336 633: 336 333 354 634: 336 354 337 635: 337 354 355
6367 337 355 338 637: 338 355 356 638: 338 356 339 - 639: 339 356 357 640: 339 357 340
641: 341 368 359 .  642: 341 359 342 '643: 342 359 360 644: 342 360 343 645: 343 360 361
646: 343 361 344 §47: 344 361 362 648: 344 362 385 - 649: 345 362 363 650: 345 363 346
" 651: 346 363 364 652: 346 364 347 653: 347 364 365 654: 347 365 348 655: 348 365 366
656: 348 366 349 657: 349366 367 658: 349 367 350 £59: 350 367 368 660: 350 368 351
661: 351 368 369 662+ 351 369 352 663+ 352 369 370 664: 352 370 353 665: 353 370 371
666:. 353 371 354 667: 354 371 372 °  668: 354 372 355 669: 355 372 373 670: 355 373 356
671: 356 373 374 672: 356 374 387 673: 358 375 376 674: 358 376 359 675: 359 376 377
676: 359 377 360 . 677: 360 377 378 678: 360 378 361 679: 361 378 379 680: 361 375 362
681: 362 379 380 682: 362 380 363 683: 363 380 381 684: 363 381 364 685: 364 381 382
686: 364 382 365 687: 365 382 383 688: 365 383 366 689: 366 363 384 690: 366 384 367
691: 367 384 385 692: 367 385 368 693: 3§8 385 386 694: 368 386 369 695: 369 386 387
696: 369 387 370 697: 370 387 388 598: 370 388 371 699: 371 368 389 700: 371 389 372
702: 372 390 373 704: 373 391 374 705: 375 392 393
707: 376 393 394 709: 377 394 395 710: 377 395 378
712: 378 396 379 714: 379 397 380 715: 380 337 398
717: 381 398 399 719: 382 399 400 720: 382 400 383
722: 383 401 384 724: 384 402 385 725: 385 402 403
727: 386 403 204 729: 387 404 405 730: 387 405 388
732: 388 406 389 734; 389 407 390 735: 390 407 408
737: 392 409 410 739: 393 410 811 740: 393 411 394
742: 394 412 395 744: 395 413 396 745: 396 413 414
747: 397 214 815 749; 398 415 416 750: 398 416 399
751: 399 416 417 762: 399 417 400,

758 400 418 401  785: 401 418 419

™
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\

756:
761:
766:
71:
776:
781:
786:
781:
796:
801:
808:
a11:
816:

826:
831:
836:
841:
846:
8s1:
- 856:
861:
866:
871:
876:
sl:.
886:
. 891:
896:
901:
906:
i
916:
921:
926:
931:
936:
941:
946:
951:
956:
961:
966:
971:
976:
. 981:
986:
991:
996
1001:
1006 -
10113
1016:
1021:
1026:
\T031:
1036:
1041:
1046:
1051:
1056:
1061:
1066
1071:
1076:
1081:
1086:
1091
1096
1101:
1106:
1111;
1116:
1121
1126:
1131:
1136:
1141
1146:
1151:
1156:
1161t
1166:
1171:.
1176:
1181:
1186:
1191:
1196:
1201:

401
404
406
410
412
415
417
420
422
426
428
431
433

: 436

438
441
444
447
449
452
454
457
460
463
465
468
476
473
475
479
481
484
486
489
491
435
487
500
502
505
507
511
513
516
518
521
523
526
529
532
534
537
533
542
545
548
550
553
566
558
560
564
566
569
§71
574
516
580
582
585
587
590
592
596
598
601
603
606

608

611
614
617
519
622
624
627
630
633
635
638

419
421
424
421
430
432
435
437
440
443
446
448
451
453
456
458
462
464
467
469
472
474
478
480
483
485
488
490
493
496
499
501
504
506
509
512
515
s17
520
522
525

528 !

£31
533
536
538
541
543
547
549
552
554
557
559
563
665
568
570
573

575

578
581
584
586
589
591
$94
597

600 .

602

605 |

607
610

613 6

§16

618 6

621

623 6

626
628

632 §

634
637
639
642

02
a22
407
428
413
433
418
438
423
444
429
443
434
454
439
459
445
465
450
470

-455

475
461

481 -

466
486
an
491
476
497
482
502
487
507
492

518
503

644 645

648
650
653
655

419
422
424
428
430
433
435
438
440
444
446
449

454
456

420
405
425
411
431
416
436
421
141
421
447

432.
452

437
457
482

2 463

448
468

453

473
458
479
464
484
469
4By
474
495
480
500
485

§ 505

490

9 510
} 496

516

3 501

521
506
526
512
532
517
537
522
542

527

548
533

553

538
558
543

564

549
569

594
598

656

595
681

639

758:
768:

813:
818:

933:
943:
948:
983:
958:
963:
968:
973:
978:
983:
988:
'993:
998:
1003:
1008:
1013:
1018:
1023:

© 1028:

1033:
1038:
1043:
1048:
10583:
losa:
1063:
1068:
1073:

. lo78:

1083:
1088:
1093
1098:
1103:
1108:
1113:
me:
1123:
1128:
1133:
1136:
1143
1148:
1153:
1158:
1163+
1168:
1173:
1178:
1183:
1188:
1193:
1198:
1203:

402

: 405

497

j: 411
> 413
: 416
: 418
: 421
: 423
= 427
: 429

432
434

3: 437
: 439
3: 443
: 445
: 448
1 450
: 453
HIE -1
1 458
3: 451
: 464
: 466
: 469
: 4N
3: 474
8: 477
1 480
: 482
: 485
: 487
= 490
492

496

= 498

501
503
506
508
512
514
517
519
522

‘524

526
830
533
535
538
540
543
546
549
551
554
556
559
562
565
567
570
872
575
577
581
583
586
588
591
593
597
599
602
604
607
609
613
615
618
620
623
625
628
631
634
636
639

502
505
507
510
513
516
518
521
523
526
529
532
§34
537
539
542
545
548
550
553
555
558
560
564
566
669
571
574
576
580
582
585
587
590
592
595
598
601
603
606
608
611
614
617
619
622
624
627
630
633
635
638
640
643
645
649
651

654.

656

403
423
408
429
414
434
419
439

| 424

445
430
450
435
455
440
461
446
466
451
471

3 456

476

9 452
482

467
487
472

1 492

478
498
483
503
438
508
493
514
499
s19
504
524
509
530
515
535
520
540
525
546
531
551
536
555
541
§61
547
567
552

672

557
577
563
583
568
588
573
593
578
599
584
§04
589
609
594
615

-600

620
605
625
610
631
616
636
621
641
626
646
632
852
637
857

75

. 1004 ¢

1008:

1014: §

1019:
1024:
1029
1034:
1039:

1044:

1049
1054:

1059:

1064:
1069:
1074;

1079: 5

1084:
1089:

© 1094:

1099:
1104:
1109:
1114:
1119:
1124:
1129:
1134:
1139:
1144:
1149:
1154:
11693
1164:
1169:
1174:
1179:
1184;
1189:
1194:
1199
1204:

420
423
426
429
431
434
436
438

§ 441

445
447
450
452
455
457

3 46]

463
466

1 468

47
473
476
479
482

7 484

487
489
492

§ 495

498
500
503
§05
508

611

514
816

L §19

521
524
526
530
532
535
537
540
542
546
548
651
553
556
558
561
554

567

569
572
74
577
580

585

588
590
593

9 596

599
601
604
606
609
611
615
617
620
622

625

627
631
633
636
638
641
643
646
649
652
654
657

421
406
427
412
432
417
437
427
442
428
448
433
453
438
458
444
464

449

469
452
478
459
480

465

485
470
480
475
496
481
501.
486
506
491
512

497

517
502
522
507
527
513
533
518
538

543 .

629
549
534
554
539
569
544
565
550
570
555
575
560
581
566
586
571
591

576

597
582
602
587
607
592
612
598
618
603
623
608
628
614
634
619
639
624
644
629
650
635
655
640

760:
765:
770:
175:
780:

. 785:

790:
795:
800:
805:
810:
815:
820:
825:
830:
835:
840:
845:
850:
855:
860:
865:
870:
875:

. €40

622
642
627
648
633
653
638
658




1206:
1211:
1216:
1221:
1226:
1231:
1236:
1241:
1246:
125]:
1256:
1261:
1266:
1271:
1276:
© 1281
1286:
1291:
1296:
1301:
1306:
1311:
1316:
1321:
1326:
1331:
1336:
1341:
1346:
1351:
1356:
1361:
1356
1371:
1376:
1381:
1386:
1351:
1396:
'1401:
1406

640 658 641
643 660 661
645 663 646
649 666 667
651 669 652
658 671 672
696 674 €57
659 676 677
661 679 662
665 682 683
667 685 668
670 687 688
672 690 673
675 692 693
677 695 678
681 698 €99
683 701 684
686 703 704
688 706 689
691 708 709
693 711 694
696 713 714
699 717 700
702 719 720
704 722 105
707 728 725
709 727 710
712 729 730
715 733 716
718 735 736
720 738 721
723 740 741
725 743 726
728 745 746
730 748 731
738 751 752
736 754 737
739 756 757
781 759 742
744 761 762
746 764 747

1207:
1212:
“1217:
1222:
1227:
1232:
1237:
1242:
1247:
1252:
1257:
1262:
1267:
1272:
1277:
1282:
1287:
1292:
1297:
1302:
1307:
1312:
1317:
1322:
1327:
1332:
1337:
1342:
1347:
1352:
1357:
1362:
1367:
1372:
1377:
1382:
13687:
1392:
1397:
1402:
1407:

641
643
647
649
652
654
657
659
662
665
668
670
673
675
6§78
681
684

686

689
691
694
696
700
702
705
707
710
1z
716
718
721
723
726
128
732
734
737
739
742
144
747

ELEMENT HYDRAULIC CONDUCTIVITIES

HYDRAUL .

ELEMENT (HORZ:

1:
4:

.1000-04
.1000E- 04
.1000E-04
.1000€-04
.1000€- 04
.1600¢ - 04
.1000E-04
-1000€-04
.1000€- 04
.1000€- 04
.4000E+02
.1000E-04
.1000E- 04
.1000E-04
.1000€-04
.1000E-04
.1000€-04
.1000€-04
.1000€-04
. 4000£+02
.4000E+02
.4000E+02
.1000€-04
.1000E -04
.1000E-04
.1000€-04
.1000E-04
.1000€-04
L4000E+02
.4000£+02
.4000E+02
.5000£+02
<1000E-04
.1000€-04
.1000€-04
.1000E-04
.1000E-04
.1000E-04
.4000E402
.4000E402
.1000€-01
.1000E+01

COND.
VERT.)

.1000E-05
.1060E-05
.1000E-05
.1000E-05

.1000€-05
IOOOE 05
.1000£-05
.1000€-05
.1000E-05
.1000E-05
.7000E+02
.1000E-05
.1000E-05
.1000E-05
.1080E-05
.1000E-05
.1000E-05
.1006E-05
.1000£-05
.7000£+02
.7000E+02
.7000£+02
.1000£-05
.1000E - 05

.1000E- 05
.1D00E-05
.7000€+02
.7000E+02
.7000E+02
.1400€+01
+1000€-05
-1000E-05
.1000E-05
. 1000E-05
+1000£-05
.1000-05
.7000E¥02
.7000E+02
+1000E-02
.1000E -02

658 659 1208:
661 644 . 1213:
64 665 1218:
567 650  1223:
569 670  1228:
672 655 .  1233:

674 675 1238
677 660  1243:
679 680  1248:
683 666  1253:

685 686 1288:

688 671 1263:
690 691 1268:
693 676 1273:
695 6§96 1278:
699 682 1283:
701 702 12a8:
704 €87 1293:
708 707 1298:
709 692 1303:
m 1z 1308:
714 697 1313:
717 718 1318:
720 703 1323:
722 123 1326:
726 708 -1333:
727 728 1338:
730 713 1343:
733 734 1348:
736 719 1353:
738 739 1358:
741 724 1363:
743 744 1368:
748 729 i373:
749 750 1378:
752 735 - 1383:
754 755 1368:
757 740 1393:
759 760 1398:
762 745 1403:
764 765 i408:

(ft/d)
ELEMENT

5:

641 659 642
544 661 652
647 665 648
650 667 668
652 670 653
685 672 673
657 675 658

660 677 678.

662 680 663
666 683 684
668 686 669
671 688 €89
673 691 674
676 693 694
678 696 679
682 699 700
684 702 685
687 704 705
689 707 690
692 709 710
694 712 635
698 715 716
700 718 701
703 720 721
705 723 706
708 725 726

710 728 711

713 730 731
716 738 117
719 736 737
721 738 722
724 741 742
726 744 727
729 746 747
732 750 733
735 752 753
737 755 738
740 757 758
742 760 743
745 762 163
747 765 748

HYDRAUL. COND.

(HORZ. ¥

.1000€-04
.1000€-04
.1000€-04
.1000£-024
.1000£-04
.1000€-04
.1000€-04
.1000E-04
.1000£-04
.4000E+02
.4000€+02
.1000E-04
.1000E-04
.1000E-04
.1000£-04
.1000£-04
.1000€-04
.1000E-04
.1000F-04
.4000£+02
.4000£+02
.1000E- 04
.JO00E-04
.1000E - 04
.1000E-04
.1000E-04
.1000E-04
.1000E-04
.4000E+02
.40D0E+02
.4000E+02
.5000£+02
.1000E-04 .
.1000E-04
.1000€-04
.1000E-04 .
.1000£-04
.4000£+02
.4000€+02
.4000€+02
.1000€-01
.5000E+02

ERT.)

.1000€-05

.1000€-05
.1000E-05
.1000€-05
.1000€-05
-1D00E- 05
.1000€-05
.1000E-05
.1000E-05
.7000E+02
.7000€+02
.1000E-05
.1000€-05
.1000€- 05
.1000€-05
-1000£-05

.1000E-05
.1000E-05
+1000E-05
.7000E+02
.7000E+02

.1000E-05
.1000E-05
.1000E-05
.1000E-05.
.1000E-05
.1000E-05
.1000E-05
. 7000E+02

.7000E+02
L7000E+02
. 1400E+01

1000€-05
.1000E-05
.1000€-05
1000E-05

+1000E-05

-7000E402

.7000E+02
.7000E+02 .
.1000E <02
.1400E+01

76

660

645
666
651
671
656
676

3 661

682
667
687

3 672
692

677
697

0 683

703

688"

708
693

2 713

699

3 719

704

724
6 709

729

1714

735
720
740
725
745
730

g 751

736

741
761
746

ELEMENT

5 756.

108:
111:
114:
117:
120:
123:
126:

} 676 6
678

560
662
666
668
671
673

682
688
687
689

694

703
705
708
710
713

719

§ 721

724
726
729

737
742

745
747

3 751

7853
756
758
761
763

692
697 6
} 700

716

5 732
) 738

740 7

HYDRAUL. COND.

(HORZ. VERT.)
.1000E-04 .1000E-05 -
.1000£-04 .1000E-05
.1000E-04 .1000E-05
.1000E-04 .1000€-05
.1000E-04 .1000E-05
.1000£-04 .1000€-05
.1000E-04 .1000E-05.
.1000E-04 .1000E-05
.1000E-04 .1000E-05
.4000€+02 .700GE+02
.1000£-04 .1000E-05
.1000E-04 .1000E-05
.1000€-04 .1000€-05
.1000E-04 .1000E-05
.1000E-04 .1000E-05
.1000E-04 .1000E-05
.1000E-04 .1000E-05
.1000E-04 .1000E-05
.4000E+02  .7000E+02
.4000€+02 .7000E+02
.4000E+02 .7000E+02
.1000E-04 .1000E-05
.1000E-04 .1000E-0S
.1000E-D4 .1000€-05
.1000E-04 .10D0E-0S
.1000E-04 .1000£-05
.1000€-04 .1000E-05
.1000£-04 .1000E-05
.4000E+02 . 7000E+02
.4000E+02 .7000E+02
.5000£+02 .1400E+01
.5000E+402 .1400E+01
.1000£-04 ,1000£-05
.1000E-04 ,1000E-05
.1000E-04 .1000E-05
.1000£-04 .1000E-05

.1000E-04 .1000E-05
.4000E+02 .7000E+02
.4000E+02 . 7000E+02
.4000E+02 70006402
.1000€-01 .1000E-02
.5000E+02 .1400E+01

-




-
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127:  .5000E+02

130 .1000E-04
133:  .1000E-04
136:  .1000£-04
139:  .1000E-04

J142:  .4000E+02
145:  .4000E+02.

148:  .1000E-0]
151:  .1000€-01
154:  .1000E-01

187:  .5000E+02

160:  .5000£+02
163:  .1000E-04

166:  .1000E-04

169:  .4000£+02
172:  .4000€+02
1767 .4000E+02
178:  .100CE-01
181t ,1000E-01
184:  .1000£-01
187:  .5000€+02
190:  .5000E+02
193:  .1000E-04
196:  .1000E-04
199:  .4D00E+02
202:  .4000E+02
205:  ,1000€-01
208: ° ,1000E-01
211: . 1000E-01
214:  .1000E-01
217: 5000£+02
220:  .5000£+02
223:  .5000€+02
226:  ,1000£-04
229: .4000€+02
232:  ,1000€-01
235:  .1000E-01
238:  .1000E-01
241:  .1000E-01
244:  ,5000£+02
247:  .5000E+02
250:  .5000E+02
253:  .5000E+02
256 .5000E+02

. 259: “1000€- G4

262:  .4000E+02
265:  .1000£-01
268:  .1000€-01
271:  .1000€-01
274:  ,1000€-01
217:  .5000€+02
2807  ,S000E+02

- 283:  .5000E+02

286:  .5000£+02
289:  .4000€+02
292:  .4000£+02
295:  .1000E-01
298:  .1000E-01

. 301:  .1000E-01

304:  .1000E-01
307:  .5000£+02
310:  .5000£+02
313:  ,5000£+02
316:  .5000E%02
319:  .5000£+02
322:  .4000E+02
325:  .1000£:01
328:  .1000£-01
331:  .1000£-04
334:  .1000E-04
337:  .1000E-01
340:  .5000E+02
343:  ,5000E+02
346:  .5000£+02
349:  .5000£+02
352: ,5000£+02
355:  .4000E+02
358:  .1000E-01
361:  .1000£-04
364:  .1000E-04
367:  .1000E-04
370:  .1000€-01
373:  .5000E+02
376:  .5000E+02
379:  .5000£+02
382:  .5000E+02
385:  .4000E+02
388;  .4000E+02
391:  .1000E:04
394:  .1000E-04

.1400E+01
.1000€-0§
.1000€- 06
.1000€-05
.1000E+05
.7000E+02
.7000E+02
.1000E-02
.1000€-02
.1000€-02
.1400E+01
.1400£+01
.1000E-05

~1000E-05

.7000£+02
.7000E+02
.7000€+02
.1000£-02

.1000E-02
.1000£-02
.1400€+01
.1400E+01
.1000€-05

-1000E-05

.7000+02

.7000E+02

-1000E-02

.1000€-02

.1000-02
.1000€-02
.1400E+01
.1400£+01
. 1800E+01
.1000E-05
7000E+OZ
.1000€-02

.1000E-02
.1000£-02

.1000E-02
.1800£+01
.1400E+01
-1400£+01
. 1400£+01
.1400E+01
.1000€-05
-, J000E+02
.1000E-02
+1000E-02
.1000€-02
.1000E-02
.1400E+01
.1400E+0}
14005401
.1400E+01
.7000E+02

.7000E+02°

IOOOE 02
.1000E-02
.1000€-02
-1000E-02
.1400E+01
1400{#01
.1400E+01
.1400E+01
.1400£+0]
. 7000E+62
.1000E-02
.1000£-02
IOOOE 05
.1000E-05
.1000E-02
14OOE+01
.1400€+01
L1400E+01
.1400E+01
.1400€+01
.7000E+02
.1000€-02
IOOOE 08
.Joo0E-05
.1000E-08
.1000£-02
14OOE+01
1400E+01
.1400E+01
.1400E+01

.7000E+02

7000[+02

.1000E-05

1281 .5000£+02
131:  .1000E-04
134:  .1000E-04
137:  .1000E-04
140:  ,1000E-04
143:  .4000£+02
146:  .4000E+02
149:  .1000E-01
152:  ,1000€-01
156:  .1000E-01
158:  .5000E+02
1610 .1000E-04
164:  .1000E-04
167:  .1000E-04
170:  .4000E+02
173:  .4000E+02
176:  .4000E+02
179:  .1000E-01
182:  .1000E-01
185:  .5000£+02
188:  ,5000£+0;
191:°  .5D00E+02
194:  .1000E-04

197:  .4000E+02

200:  .4000E+02
203:  .4000E+02
206:  .1000E-01
209:  .1000€-01
212:  .1000€-01
215:  .5000£+02
218:  .5000E+02
221:  .5000E+02
224:  .5000E+02
227:  .1000E-04
230:  .4000£+02
233:  .1000E-01
236:  .1000£-01
239:  .1000£-01
242;  .1000E-01
245:  .5000E+02
248:  .5000E+02
251:  ,S000E+02
254:  .5000E+02
257:  .1000E-04
260:  .1000E-04
263:-  .1000E-01
266:  .1000E-01
269  .1000£-01
272:  .1000E-0)
275:  .5000£+02
278:  .50Q0E+02
281:  .5000E+02
284:  .5000£+02
287:  .5000£+02
290: .4000£+02
293:  .4000E+02
296:  .1000E-01
299:  .1000E-01
302:  ,1000E-01

" 308:  .1000E-01

308:  .S000E+02

311: .5000E+02"

314:  .5000£+02Z
317;  .5000E+02
320: ° .5Q00€+02
323:  .4000E+02
326:  .1000E-01

329:  .1000E-04 .

332:  .1000E-04
335:  ,1000E:04
338:  .1000E-01
341:  .5000£+02
344:  .5000E+02
347:  .5000E+02
3507  .5000E+02
353:  ,4000E+02
386:  .4000E+02
359:  .1000£-01
362: .1000E-04
365:  .1000E-04
368:  .1000€-04
371:  .S000E+02
374:  .5Q00€+02
377:  .5000E+02
380:  .5000£+02
383:  .5000£+02
386:  .4000E+02
389:  .1000£-01
392:  ,1000E:-04
395:  .1000E-04

14OOE+01
-1000E-05

. «1000E-05

.1000€-05
- 1000€-05
-7000E+02

.T000E+02 .

.1000E-02
+1000E-02
.1000€-02
.1400£+0)
-1000E-05
.1000E- 05

-7000€+02

.7000€+02.

.T000E+02
.1000E-02
-1000€-02
. 1400E+01
.1400E+01
. 1400E+01
.1000€-05
.T000E+02
.7000E+02
.7000E+02

*.1000E-02

.1000E-02
+1000E-02
.1400€+01
.1400£+01
+1400E+01
.1400£+01
.1000E-05
.7000E+02
.1000E-02
.1000E-02
.1000E-02
.1000E-02
.1400E+01
-1400E+01
«1400E+01
.1400E+01
.1000E-05
.1000E- 05
.1000E-02
.1000E-02
.1000E-02
.1000E-02
.1400E+01
.1400£+01
. 1400E+01
.1400E+01
.1400E+0]
.T000E+02
.T000E+02
.1000E-02

.1000E-02

.1000€- 02
.1000€-02
.1400€+01
.14Q0E+01
.1400€+01
.1400£+01
.1400£401
-7000€402
.1000£-02
.1000E-05
-1000E-05
.1000F-05
.1000E-02
.1400E+01
.1400£+01
.1400E+01
-1400E+01
.7000E+02
.7000E+02
.1000E+02
.1000€-05
.1000E-05
.1000€:05
.1400£401
.1800€401
.1400£401
1400401
.1400§+01
.7000E+02
.1000€-02
.1000E-05
.1000€-05
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129:
132:
135:
138:
141:
144:
147:

150
153:
156:
159:
162:
165:
168:
171:
174:

1777

180:
183:
186:
189:
192:
196:
198:
201:
204:
207:
210:
213:
216:
219:
222:
225:
228:
231:
234:
237:

240:

243:
246:
249:

282:.

285:
258:
261:
264:
267:
270:
273
276
279:
282:
285:
288:
291:
294:
297:
300:
303:
306:
309:
312:
315:
318:
321:
324:
327:
330:
333:
336:
339:

'342:

345:
348:
3s1:
354:
357:
360:
363:
366

389:

372:
375:
3787
381:
384:
387:
390:
393:
396:

.1000€-04
.1000E-04
-1000€-04
.1000E-04
.4000E+02

.4000E+02

.1000E-01.

.1000E-01
.1000E-01
.1000E-01
.5000€+02
.1000€-04
.1000E-04
.1000E-04
.4000E+02

+4000E+02

.1000E-01
.1000€-01

.1000€-01

.5000E+02
.5000€+02

.5000E+02
+1000E-04

.4000€+02
+4000£+02
.4000£+02
.1000E-01
.1000€-01
.1000€-01
.S000E+02
.5000€+02

" .5000€+02

-1000€-04
.1000E-04
.1000€-01
.1000€-01
<1000E-01
.1000€+01
.5000E+02
50006402
.5000€+02
.S000E+02
+5000E+02
.1000E-04
.4000£+02
+1000€-01

.1000E-01

-1000E-01
.1000E-01
/5000E+02
+5000£+02
.S000E+02
.5000E+02
<S000E+02
.4000E+02
-4000E+02
.1000£-01
+1000€-01
. 1000E-01
.1000E-01
-S000£+02
.5000E+02
+S000E+02
.5000E+02
.4000E+02
-4000E+02
lODDE 01
.1G00E-04
.1000E-04
.lOODE 04
.5000E+02
_5000E+02
+5000E+02
.5000E+02
.5000E+02
~4000E+02
.1000E- 01
.1000€:01
.1000E-04
+1000E-04
.1000E:01
.5000E+02
.S000E+02
«S5000E+02
/5000£+02
.5000E+02
.4000E+02
.1000E-01
-1000€-04
.1000E-04

1000€- 05
.1000E - 05
.1000E-05
.1000 05
.7000£+02
.7000E+02
.1000€-02
.1000€-02
.1000E 02
.1000E - 02
.1400£+01
.1000E - 05
.1000F - 05
.1000E-05
.J000E+02
.7000E+02 -
.1000€-02
.1000€-02

. 1000E-02

.1400E+01
.1400E+01
.1400£+01
.1060E-05
. 7000€+02
,7000E+02
.7000E+02
IOODE -02
.1000€-02
.1000E-02
~1400E+01
1400E+01
.1400E+01
.1000E-05
.1000E- 05
. 1060€-02
.1000€-02
-1000E-02
-1000€-02

.1400€+01
.1400£+01
.1400£+01
.1400E+01
.1400£+0]
.1000E-05
. 7000E+02
.100GE-02
.1000¢- 02
.1000¢- 02
.1000E-02
.1400E+01
1400E#01
1400E+01
.1400€+01
.1400E+01
7DOOE+02
.7000E+02.
.1000£-02
-1000€-02
.1600€E- 02
.1000E-02
.1400£+01
-1800€+01
-1400£401
1600E+01
.7000E+02
.7000E+02
-1000€-02
.1000€-05
.1000E-05
-1000E-08
.1400€+01
.1400E+01
<1400E+0]
.1400€+01
.1400€+01
.7000€+02
.1000€-02
.1000€-02

.1000€-05

-1000E-05
-1000E-02
-1480€+01
-1400£+01
- 1400E+01
-1400E+01
- 1400E+01
-7000€+02
.1000E-02
-1000E-05
-1000€-08



397:
. 400:

. 403:
406:
409:
412:
415:
418:
421:
424:
427
430:
. 433:
436:
439:
442:
445:
448:

451 -

454:
457:
450;
463:
466:
469:
472;
475:
478:
481;

484:

487:

490:
493;
496:
499:
502:
505:
508:
511;
514:
§17:

520:

§23:

526

629
§32:
535:
§38:
541:
544
547:
§50:

§53:

586

559:

562:
565:
568:
5§71
574:
517:
580:
583:
586:
569:
592:
595:
§98:
601:
604:
607:
610:
613:
616:

619:

GZZ

625+

628:
631:

634:

637:

640:

643:

646:
649:
652:
655:
658:
661:
664:

.1000€-04
-1000€-04

.5000£+02

.5000E+02
.5000€E+02
.5000E+02
.5000£+02
.4000E+02
.1000€-01
.1000E-04
.1000E-04
.1000€E-04
.1000€-01

- 5000E+02

.5000E+02
.5000£+02
.5000£+02
.5000E+02
.4000E+02
.1060¢€-01
.1000E-04
.1000E-04
.icc0E-0a
.1000E-01
.5000E+02
.5000£+02
.5000E+02

.5000€+02

.4000E+02
.8000€+02

100004

.1000€-04
.1000€-04
.1000€-04
.5000€+02
-5000€+02
.5000E+02
.5000£+02
-5000€+02

. 4000£+02
.1000E-01

.100DE-04
.1000E-04
.1000E-04
.1000€-01
.5000£+02
.5000E+02
.S000E+02
5000£+02
.5000E+02
.4000E€+02
»1000E-01
.1000E-04
.1000E-04
.1000E-04
.1000E-01
.5000€+02
.5000€+02
.5000£+02
.5000£+02
.4000£+02
.4000€+02
.1000E-04
.1000E-04
.1000E-04
.1000E-04
.5000€+02
5000E+02
.5000E+02
.5000£+02
.5000E+02
4000E+02

.1000E-01

1000 - 04
.1000E-04
1000E-04
.1000£-01
.5000E+02
.5000E+02
<5000£+02
.5000E+02
.5000E%02
.4000E+02
1000E201
.1000E-04
.1000£-04
.1000£-04
.1000£-01
.5000€+02
.5000£402

.1000E-05
.1000€-05
.1400E+01
.1400E+01
. 1400E+01
.1400€+01
.TODOE+02
.1000£-02
.1000E-05
.1000€-05
.1000£-05
.1000€-02
.1400E+01
.1400E+01
.1400E401
. 1400E+01
.1400E+01
.7000E+02
.1000-02
.1000€-05
.1000E-05
.1000£-05
.1000E-02
.1400£+01
.1400E+01
. 1400E+01
.1400E+01
.J000E+02
.7000E+02
.1000E-05
.1000E-05
.1000E-05
.1000E-05
.1400€+01
.1800E+01
.1400E+01
.1400E+01
.1400E+01
.7000E+02
.1000£-02
.1000€-05
.1000E-05
.1000E-05
.1000£-02
.1400E+01
. 1400E401
.1400£+01
.1400€+01
.1400E+01
.7000£402
.1000£-02
.1000£-05
.1000E-05
.1000E-05
.1000E-02
.1400E+Q1
.1400£+01
.1400£+01
.1400E401
.T000E+02

.7000E+02

.1000E-05
.1000E-05
1000€-05
.1000E-05
.1800E+01
+1400E+01
.1400€+01

.1400£401
.1400E+01

.T000E+02
.1000E-02
.1600E-05

.1000€-05

<1000£-05
.1000E-02
.1400E401
.1400E+01

.1400E+01’

.1400E+01
-1400E+01
.7000£+02
+1000€-02
.1000E- 05
.1000E-05
-1000€-05
-1000€-02
.1400E+01
.1400E401

398:

413:
416:

476:;

539:
542;

869:
§72:

§81:

584: -

587:

590

593:
596:
599:
602:
605:
§08:
611:
614:
617:
620:
623:
626:
629:
632:
635:
638:
641:
644:
647:
650:
653:
656:
659:
662:
665

.1000€-04
.1000E-01
.5000€+02

.5000E+02.

.5000£+02
.5000£+02
.5000E+02
.4000E+02
.1000E-01
.1000E-04
.1000E-04
~1000€ -04
.1000E-01
.5000E+02
.5000E+02
.5000E+02
.5000E+02
.4000E+02
.4000E+02
.1000E-04
.1000E - 04
.1000E-04
.1000E-04
.5000F+02
.5000E+02
.5000E+02
.5000€+02
.4800E+07

* .1000E-01

-1000E-04
.1000E-04
. 1000E - 04
.1000E-01
.5000E+02
.5000E+02
.5000E+02
.S000E+02
.5000£+02
.4000E+02
.1000E-01
.1000€-04
.1000€-04
-1000€-04
.1000€-01
.5000E+02
.5000£+02
.5000E+02
.5000£+02
.4000E+02
L4000E+02
. 1000E-04
.1000E-04
.1000E-04
.1000€-04
.5000£+02
-5000€+02
.5000E+02
.5000£+02
.5000£+02
.4000E+02
.1000€-01
.1000E-04
.1000E-04
.1000£-04
.1000E-01
S000E+02
.5000£+02
.5000E+02
/5000E+02
5000F+02
.4000E+02
.1000€£-01
.1000£-04
+1000E-04
.1060£-08
.1000E-01
s5000E+02
.5000€+02

-5000£402

.5000E+02

.4000E+02
4000E+02
.1000E:04
.1000E-04
.1000E-04
.1000E-04
.5000£+02
.S000E+02
-S000E+02

'

.1000€-05
1000E-02
.1400E+01
.1400E+01
. 1400E+01
. 1400E+01
.1400€+01

-7000E+02

.1000E-02
.1000F-03
.1000€-05
.1000€-05
.1000E-02
.1800E+01

.1000E-05
.1000E- 05
.1000E-05
.1400€+01
.1400£+01

. 1400E+01
.7000E+02

-1000£-02 .

.1000E-05
.1000£-05
.1000E-05
.1000E-02
- 1400E+01
.1400E+01
.1400E+01
-1400E+01
.1400€+01

- 7000E+02

.1000€-02

.1000€-05
.1000€-05
.1000£-05

.1000E-02 .

.1400£+01
.1400E+01
.1300E+01
.1400E+01

.J000E+02

.T000E+02

+1000E-05 -

.1000€-05
11000£-05
.1000£-05
. 1400E+01
1400£+01
.1400£+01
.1400E+01
.1400£+01
.7000E+02
.1000€- 02
1000E-05
100005
.1000€-05
.1000E-02
+1400£+01
.1400E+01
.1400E+01
.1400E+01
,1400E+01
. 7060402
.1000E-02
+1000E-08
+1000€-05
.1000E-05
.1000E-02
+1400E+01
+1400E+01
.1400E+01
.1400E+01
.7000E+02
L 7000E+02
.1000E-05
.1000E- 05
.1000E-05
.1000E-08
.1400E+01
. 1400E+01
.1400E+01
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633:
636:
639:
642:
645:
648:
651:
654
657:
660:
663:
566:

.1000E-04

.1000E-01
.5000E+02
.5000E+02

.5000£+02

.5000£+02
.4000E+02
-4000£+02
.1000€-04
.1000E-04
+1000€-04

.1000£-04

.5000E+02
.5000F+02
.5000E+02
.5000E+02
.5000E+02

'+4000£+02

.1000E-01
.1000E-04
.1000€-08
.1000€- 04
,1000E-01
.5000£+02
.5000£+02
.5000£+02
.5000£+02
.5000£+02
.4000E+02
.1000E-01
-1000£-04

* .1000E-04

.1000E-04
-1000£-01
+5000E+02
.5000E+02
+5000€+02
.5000£+02

. 4000E+02

.4000E+02
.1000E-04
.1000€-04
.1000E-04
.1000E-04
.5000E+02
.5000£+02
.5000£+02
.5000£+02
.5000E+02
.4000E+02
.1000€-01
. 1000€- 04
.1000£-04
.1000€-04
.1000€-01
-5000E+02
-5000£+02
.5000£+02
.5000E+02
.5000£+02

) .4000€+02

.1000E-01
.1000€-04
.1000£ - 04
.1000E-04
.1000€-01
-5000£+02
.5000E+02
-5000£+02
.5000£+02
.4000£402
.4000£+02
.1000€- 04
.1000€-04
.1000£-04
.1000£ - 04
.5000£+02
.5000E+02

' .5000E+02

.5000E+02
.5000E+02
.4000E+02
.1000£-01
.1000€-04

" 1000E-04

.1000E-04
.1000€-01
.5000E+02
.5000E+02
6000402

-1000€ - 05
-1000E-02
-1400£+01
-1400€+0]
.1400€+0]

+1400E+01

.7000E+02
-7000€+02
.1000E-05

" .1000E-05

.1000E - 05
.1000€-05
.1400£+01
- 1400E+01
.1400€+01
-1400£+01
.1400€+01
.7000£+02
.1000€-02
.1000£-05
.1000¢ - 05
.1000E-05
-1000E-02
.1400£+01
.1400€+01
.1400£+01
.1400E+01
.1400£+01
.J000E+02
.1000E-02
-1000€-05
.1006E-05

.1000E-05

.1000E-02
.1400E+01

.1400£+01

.1400E+01
.140QE+01

.7000E+02
~JO00E+02

.1000E-06
.1000£-05
.1000£-05
.1000E05
.1a00E+01
.1400E+01
.1400E+01
.1400E+01
-1400E+01
.7000£+02
.1000€-02
,1000€-05
.1000E-05
.1000E-05
.1000E-02
.1800E+01
~1400E+01
.1400E+01
.1400E+01
.1400£+01
.7000E402
.1000E-02
,1000€-05
.1000E-05
.1000E-05
.1000€-02
.1800E301
.1400£+01
.1800E401
.1800E+01
. 7000402
.7000E402
+1000E-05
.1000E-05
.1000E-05
.1000E-05
1400E+01
.1400£+01
.1400€+01
.1400€+01
.1400E+01
.7000E402
.1000E-02
. 1000€-05
.1000€-05
-1000€-05
.1000E-02
. 1400E+01
.1800E+0]
.1400€+01
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667:
6§70
673:
676:
679:
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+1000E-02
.1000£-02
.1400E+01
.1400£+01

a0

_
— |



____|

1207:  .S000£+02 .1400E+01 1208:  ,S000E+02 .1400E+01 1209:  .S000E+02 .1400E+0}
1710:  ,5000E+02 ,1400E+01 1211: 50006402 .1400£+01 1212:  .5000E+02 . .1400E+01
1213:  .5000E+02 .1400E401 1214:  .SO00E+02 .1400E+01 1215:  .S000E+02 .]400E+01
1216%  .5000£+02 1400401 1217: - .4000E+02 .7000E+02 1218;  .4000£+02 .7000E+02
1219: . .4000E+0Z .7000E+02 1220:  .4000E+02 -.7000E+02 1221: . .4000E+02 .7000E+02
1222:  .4000E+02 .7000£+02 1223:  .1000E-01 .T00OE-02 1224:  .1000€-01 .1000E-02
1225 .1000£-01 ,1000E-02 1226:  ;1000E-01 .1000E-02 1227:  .1000E-01 .1000E-02
1228:  .1000E-01 .1000€:02 1229:  .1000E-01 .1000E-02 1230:  .1000E-01 .1000E-02
1231:  .1000€-01 .1000E-02 1232:  .1000E-01 .1000E-02. 1233:  .5000E+02 .1400E+01
1234:  .5000E+02 ,1400E+01 1235: . .5000E402 ,1400E+01 12367  .5000E+02 .1400E+0)
1237:  .5000£+02 .1400E+01 1238:  ,5000E+02  .1400E+01 1239:  .5000£+02 .1400E+01
1240:  .SQ00E+02 .1400E+01 1241:  .SO000E+02 .1400E+01 1242:  .S000£+02 .1400E+01
1243:  .S000E+02 .1400E+01 1244  ,5000E+02 .1400€+01 1245;  .5000E+02 .1400E+0)
12460 ,5000E+02 .1400E+(1 1247;  .5000£+02 .1400€+01 1248:  .5000E+02 .1400€+01
j249:  .4000E+02 .7000E+02 1250: .4000£+02 .7000E+02 1251:  .4000E+02 .7000E+02
1252:  ,4000£+02 .7000E+Q2 1253:  ,4000£+02 .7000£+02 1254:  .4000£+02 .700QE+02
1255:  .1000E-01 .1000E-02 1256:  1000E-01 ,1000E-02 1257: .1000E-01 .1000E-02
12587  .1000E-01 .1000E-02- 1259:  _1000E-01 .1000€-02 "1260:  .1000E-01 .1000E-02
1261:  J1000E-01 .1Q00E-02 1262:  .1000E-01 .1000E-02 1263  .1000E-01 .1000E-02
1264:  ,1000E-01 .1000€-02 1265:  .5000£+02 .1400E+01 1266:  .5000E+02 .1400£+01
1267:  .5000E+02 .1400E+01 1268:  .5000E+02 .1400E+01 1269:  .S000E+02 .14D0E+01
1270:  .S000E+02 .1400E+01 1271:  .S000E+02 .1400E+01 1272 .5000E+02 .1400E+0]
1273:  ,5000E+02 .1400E+01 1274:  ,5000E+02 -.1400£+01 1276: . .5000E+02 .1400E+01
1276:  .5000E+02 ,1400E+01 1277:  .5000E+02 ,1400E+01 1278:  .S000E+02 .1400E+01
1279:  .SOODE+02 .1400E%01 1280:  .S000E+02 -.1400E+01 1281:  .4000E+02 .7000E+02
1282:  4000E+02 .7000E+02 T .4000£+02  :700DE+02 1284  .4000E+02 .7000E+02
12852 .4000£+02 .7000E+02 -4000€+02 . 7000E+02 1287: .1000E-01 .1000E:02
1288:  .I1000E-01 .1000E-02 .1000E-01 .1000E-02 1290:  .1000E-01 .1000E-02
1291:  ,1000E-01 .1000E-02 292:  .1000E-01 ,1000E-02 1293:  .1000E-01 .1000€-02
1294:  .1000£-01 .1000E-02 295:  .1000E<01 .1000E-02 1296: - .1000E-01 .1000E-02
1297:  .5000£+02 .1400€+01 : .S000£402 .1400E+01 1299:  .5000£+402 °,1400E+01"
1300: - .5000E+02 .1400E+01 301: ..5000£402 ,1400E+01 1302:  .5000E+02 .1400€+01
1303:  (S000E+02 :1400E+01 304:  .5000E+02 .1400E+01 1305:  .5000£+02 .1400E+01 N
1306:  .5000E+02 .1400£+01 1367:  .5000E+02. .1400E+01 1308:  .5000£+02 .1400€+01
1309:. .S000£+02 .1400E+01 1310:  .5000E+02 ,1400£401 1311:  .5000£+02 .1400E+0}
1312:  .S000E+02 .1400£+01 1313:  .4000E+02 .7000£+02 1314:  .4000E+02 .7000E+02
1316:  .4000E+02 .7000E+02 1316:  .4000E+02 ,7000E+02 1317:  .4000E+02 .7000E+02
1318:  .4000E+02 .7000£+02 1319:  .4000E%02 .7000£+02 1320:  .4000£+02 .7000E+02
1321:  .4000E+02 .7000E+02Z 1322:  .4000E+02 .7000E+02 1323:  .4000£+02 .7000E+02
1324:  .4000E+02 .7000F+02 1325:  .5000£402 ,1400E+01 ©1326:  .5000E+02 .1400E+01
1327:  .S000E%02 .1400E+01 1328:  .5000E402 .1400E+01 1329:  .5000E+02 .1400E+01
1330:  .5000£+02 .14G0E+01 1331 .5000E+02 .14Q0£+01 1332: . .5000E+02 .1400E+01
1333:  ,5000£+02 .1400E+01 1334:  .5000E+02 .1400E+01 1335:  .5000E+02 .1400E+01
1336:  .5000E+02 ..1400£+01 1337 .5000E+02 .1400E+01 1338:  .5000E+02 .1400E+01
1339:  .5000£+402 .1400€+01 1340 .5000E+02 . 1400E+01 1341: . .5000£+02 ".1400E+01
1342:  .S000E+02 .140QE+01 1343 .5000€+02 . .1400E+01 1344:  .5000£+02 .1400£+01
1345:  .4000E+02 .7000€+02 1346:  .4000E+0Z .7000E+02 1347:  .4000E+02 .7000E+02
1348;  .4000E+02 .7000£+02 1349 L4000E+02 .7000E+02 1350:  .4000€+02 .7000E+02
1351:  .4000E+02 .7000E+02 1352:  .4000E+02 .7000E+02 1353:  .4000E+02 .7000E+02
1384:  .4000E+02 . .7000E+02 1355:  .4000£+02 .7000£+02 1356:  .4000f+02 ' .7000E+02
1357:  .S000E+02 .1400E+01 1358:  .5000£402 .1400£+01 1359:  .S000E+02 .1400£+01
1360  .5000E+02 .1400E+01 1361:  .5000E+02 .1400E+01 1362:  .5000E+D2 .1400€+01
1363:  .5000E+02 .1400E+0]" 1364 .5000€+02 ,1400E+01 1365:-  .S000E+02 .1400E+01
1366:  .5000£+02 .1400E+01 1367:  .5000E+02 .1400£+01 1368:  .S0D0E+02 .1400£+01
1369:  .5000E+02 .1400E+01 1370:  .5000E+02 .1400£+01 1371 .5000E+02 .1400£+01
13725 .5000£+02 .1400£+01 1373:  .5000E+02 .14Q0E+01 1374:  .5000E+02 .1400E+01
1375:  .5000£+02 .1400£+01 1376 .5000£+02 ,1400E+01 1377:  .4000E+02 .700DE+02
1378:  .4000E£+062 .7000E+02 1379:  .4000E+02 .7000E+02 1380:  .4000€+02 .7000£+02
1381:  .4000E+02 .7000E+02 1382:  .4000E+02 .7000E+02- 1383:  .4000E+02 .7000E+02
13843 ,4000E+02 .7000€+02 1385  .4000E+02 .7000E+02 1386:  .4000E+02 .7000E+02
1387:  .4000E+02 .7000£+02 1388:  .4000£+02 .7000E+02 1389:  .5000E+02 .1400E+01
1390:  .5000E+02 .1400£+01 1391 .5000E+02 .1400E+0L 1392:  .5000£+02 .1400E+01
1393:  .5000E+02 .1400£+01 1394: . .5000E+02 .1400E+01 1398:  .5000£+02 .1400E+01
1396:  .5000€+02 .1400E+01 1397 .5000€+02 .1406E+01 1398:  .S000£+02 .1400E+01
1399:  .5000€+02 .1400£+01 1400 .S000E+02 .1400E+01 1401:  .5000£+02 .1400E+01
1402  .5000E+02 .1400E+01 1403 .5000E+02  .1300£+01 1404:  .5000£+02 .1400E+01
1405:  .5000£+02 .1400E+01 1406 .5000£402 .1400E+01 1407:  .5000E+02 .1400E+01
1408:  .5000€+02 .1400E+01 .
FINITE ELEMENT GRID SUMMARY
NUMBER OF NODES 765
NUMBER OF ELEMENTS 1408 . ) .
ESTIMATED BANONIOTH 19 . .
NUMBER OF CONSTANT-HEAD NODES 24 . :
NUMBER OF DEGREES OF FREEDOM 741 B
FINAL BANDNIDTH _ 19 : ]
STEADY-- STATE ‘HYDRAULIC HEAD DISTRIBUTION(feet above an datum)
NODE  TOTAL-HEAD NODE  TOTAL-HEAD NODE  TOTAL-HEAD NODE  TOTAL-HEAD NODE  TOTAL-HEAD . i
1 6085.871 2 6085.936 3 6086.131 4 6086.457 s §086.917
3 6087.513 7 6088.249 8 6089.130 ] 6099.161 . 10 6091.349
11 6092.703 12 6094.230 13 6095.942 14 6097.850 15 6099.973
16 6099.980 17 6100.000 18 6072.017 19 6072.039 . 20 §072.106 i
21 §072.217 22 6072.372 23 /6072.568 24 6072.805 25 6073.081 - !
26 6073.398 27 6073.740 28 6074,117 29 6074520 30 6074946
81



376
381

391
396
401
406
811
416
421
426
431
436
asi
445
451
456
481
466
4
476

6074.
5048,
6049.07
.866
.000
6019.!
.184

6049
6050

6021

6021.
5979.
.648
.816

5980
5980

§927.
§927.
5862.
5746.

5888.
5888.
5604.
5849
5850.
5529.
5525,
5671,
5499,

5499
5560.
54982
545
.267
5484
5413,
5414.

5467
5513

5442,
5354,
5354.
5370.
5333.
5294.
5295.
5286

§228.
51865.
si74.
5157.

5140.

5114,

" 5114.

5086.
§054.
5054.
5014.
5002.

4994 .

4996,
4941.
4334,
4934,
4872.
4872,
4873.
4801.
4802.

4804.607
+983

4811
4730.
4712;
4713,
4658.
4630.
4614
4615.
4061.

4514,
4514,
3875,
4307.
4415,
3804.
4008.
4315,
4315.
3733.
4215.
4215,

3661.
3934.
4115
411s.

953
624
079

938

348
710

707
251
668
485
085
161
152

,434

274
622
000
535
234
718
941
295

326
134
555
030
641
748
870
137
924
000

.827
5234,
5234,

982
992
454
695
996
247
344
995
999
033
985
987
832
870
909
000
79

518

790
413
£99
185
211
319
607

001
694
§39
797
678
;557
000
882
871
895
432
101
087
220
669
240
290
102
397
493
788
115
697

697 .

432
437
442
447
452
457
462
487

472

477

§074.973
6048664
6049.242
5049.889
6019.530
6020.168
6021.217
§022.571
£979.851
5980.691
5951.266
5927678
5927.283
5798.228

6750,000
5888.085 -

5792.495
5603.864
5850.178
§742.998

5630.169

5704.690
5638.141
5499.246
5499.861
5560.953
5482.164
5468.753
£613.270
§464.558
5413.264
5415.000
5441.987
§354.598
5354.824
5370.870
5314.028
5294.934
5299.662
5273.932
5234.983
5234.996
5228.444
5175.006
5174.997
5157.247
§131.897
5114.995
5115.000
5075.823
5054.979
5054.991

.5013.832
4998.886

4994.921
4943,625
4939.971
4934.530
4934.892

4872.418

4872.661
4873.540
4801.211
4802.926
4805.199
4815,000
4726.501
4712.705
4713.974
4658.797
4622.775
4614.614
3946.641
4175.937
4514,872

" 4514.901

3875.539
4414.977
4415.088
3804.220
4110.642
4315.290
4315.290
3829.561
4215.493
4715.433
3661.788

4024.861

4115.697
3590.569

478

' 6074.987

6048.730
6049.428
6049.905
6019.556
6020.450
6021.240
6025.000

5294,934
5294.947
5299.662
5260.982
5234.984
5235.000
§217.757
5174.995
5174.998
5157.247
5123.450
5114.996
5086.039
5073.613
5054.978
5054.995
5014.828
4994,902
4994.937
4943.625
4938.148
4934.565
4935.000
4872.448
4872.707
4873.975
4801.211
4803.598
4806.202
4730.004
4723:013
4712.759
4714.470
4659.110
4514.979
4614.691
3946641
4289.074
4518876
4514.903
3983.441
4415.086
4415.088
3804.220
4213.015
4315.290
3733.006
3926.020
4215.493
4215.493
3661.879
4115.606
4115.697
3590.569

82

479

§075.000
6048.822
6049.633
6049.922
6019.632
6020.784
6021.266
§979.597
5980.311
5980.774

- 6923.054

5927.447
5927.317
5735,935
5888.051
5888.125
§602.396
5600.000
5850. 240
£528.000
5529.106
5704.682
6569.646
5499.440
5560.890
5630,205
5466.217
5472.428
5513.292
5423.587
5413.777
5442.070
5398.323
5354.637
5355.000

§371.471

5294.916
5294963
5299.662
§247.997
§234.986
§228.454
5207.070

5174996

5174.999
5157.238

4872.484
4872.761
4874.470
4801.212
4804356
4807.641
4730.004
4719.547
4712.920
4715.000
4648.,429
4614.510
4614.788
3946.641
4401.705

4514.882

3875.432
4091.336
4415.087
4415.089
3804.322
4315188
4315.,290
3733.006
4022.479
4215.493
4215.493

3762.624

4115.697
4115.697
3590.569

430
435
440
445
450
455
460
485
470
476
480

6048.611
6048.938
6049.859
6049.95¢
6019.759
6021.173
6021.315
5979.625
5980.634
5980.806
5925.000
5927.241
5927.329
5742.426
5888.044
5888.153
5603.478

5514,344
5466.707
5475.000
503,665
5413.096
5414.140
5442,070
5376495
5354.685
5370.870
5352, 280
5294,918
5294.981
5299.650
£234.995
5234.989
5228.454
5196.383
5174.996
5175.000
5148.791

5114,995 -

5114.998
5086.039
5061.194
5054.983

4994.978
4943.623
4834.516
4934.698
4872.418
4872.532
4872.922
4875.000
4801.755
4804.411
4809.551
4730.004
4716.107
4713.183
4658.797

4639.092 -

4614522
4614,889
3946.485
4514.237

4514.889

3875 432
4199.222
4415.087
4415.089

3%64%

4315.290
4315.290
3733.006
4118.938
4215.493
3661.788
3843.370
4116.697

" 4115.697

3590.654

‘ ] = [



‘- . ‘ _‘

481
486
491
496
501
506
511
516
521
526
531
536
541
546
551
556
561
566
571
576
581
586

. 891
596
601
606
611

616 -

621
626
631
635
641
646
651
656
661
666
671
676
681
686
691
696
701
706
m
716
izl
726
731
736
741
746
151
756
761

RO¥ 32
RON 31
ROW 30

ROW- 29

VROH 28

RON 27
ROM 26
ROM 25

ROW 24

3675.686
4015.901
4015,501
3519.347

3836.
3916.106

706

3448,123
3595.413
3816.311
3616.311

3376

965

3716.449

3716.
3305,
3492.
3616,
3616
3290.
3516.

517
669 .
289
723
723
970
929

" 3516930
3163.208
3366.497

3417,

136

3091.576
3092.708
3317.332
| 3317.354
3044.747
3192.898
3217.606
2948.869
3047,917
3117,218
3119.357
2926.299 ..
'3030. 209
3030.625
2851.371
2925.064
2943.592
2802.067
2823.674
2856.530
2857.181
2752.567
2762.319
2772.288
2707.355
2707 .366
2708.128
2708.018
2659,733
2654.090

2642.

57

2630.310
2624.826
2578.423

COLUMN:

HORZ:
VERT:

HORZ:
VERT:

HORZ:
VERT: .

HORZ:
VERT:

HORZ:
VERT:

HORZ::
VERT:

HORZ:
VERT:

HORZ:
VERT:

HORZ:
VERT:

VELOC[TY FIELD (feet/day)

1

-4809€+00
-.3122€-01

.4808E+00

482
487
492
497
502

‘507

512
§17
522
527
§32
537

542 -

547
552

. 587

562
567
572
577
582
587
592
557
802
607
612
617

622

627
§32
637
§42
647
652
657
662
667
672
677
682
687
692
697
702
707
712
n
722
727
132
737
742
747
152
57
762

+.2088E-01"

.4808E+00
.1041£-01

.4809E+00
-.2087E-01

.1202E-05
- .4718E-06

.1101E-05
-.4470E-08

.1101€-08
-.4241E-06

.1010E-05
-.1490E-08

.1016€-08
- .3804E - 06

3760.719
4015.901
4015.501
3519.426

3916.027 . -

3916.106

3554.475
3616.723
3234.439
3347.446
3516.929
3516.930
3163.259
3417.081
3417.137
3091.976
3311.888
£ 3317.336

3317.385

3068.980
3217.378
3217.656
2948.860
3080.722
3118.017
2900.348
2952.263
3030, 289
3030.666
2851.372
2943.493

-2943.619

2802.067
2834.517
2856.690
2857.206
2762.572
2765.350
2773.061
2707.356
2707. 578
2708.133
2659.771
2659.711
2651.802
2641.311
2630.271
2618.481
2563.453

2

.4809E+00
-.2088E-01

.4815£+00
-.6440€-01

.4815E+00
-+.2087€-01

.4819E+00
-.5688E-01

L4819E+00
~.3129E-01

.4BIBE+00
- .2606E-01

-4818E+00
-.1043€-01

+4820E+00
-.2458€-01

" .1205€-05

-.9475E-07

483
488
493
498
503
508

513

518
523
.628
533
538
543
548
553
558

663

568
573
578
583
538
593
598
603
608
613
618

.60126+00
-.1288E-02

.6586E+00
-.7558E-01

.6586E+00
+.1138£-02

.6871E+00
-.3804E-01

.5497E+00
-.2606E-01

.5500E+00 -
-.6135E-01

~5500€+00
-.2458£-01

.5506E+00
-.7514E-01

.5506E+00
-.3576E-01 -

2713

. '2630

3845,
4015;
4015,

'3598.

3916.
3516,

3448,

3742.

3816.

3376.
3612
3716.

3716.

3305,
3616
3616.
3234,
3403
as1s.
3516
3213,
3417

3417,

3091.

- 3313.

3317,
3020.
3093.
3217.
3217,
2948.
3113.

3118,

751
901
901
746
106
106
123
629
311
897
758
517
817
731

«661

723

439
.922 .

930

+930

803

135

137
976
116
;342
742
511
416
688
848
476
616

2900.348

2978.

213

3030.384

3030.
2869.
2943+
2943.
2802.
2845
2856,
2752

2167

2707.
2707
2708.
2659.
2659
2649
2640.

2610
2545,

.2405E
- . 7558E -

.2393E
- .6054E-

.4759E
- 7335E-

.3369E
J6415E-

/3369E-
- 1073¢-

.1945E-
-6567E-

.7782E
.4106E

679
791
510
640
067

.405

853

572
2752.

602
157

.515

357

797

107
769

-684
.409

697

216
<875

764

4

+01
01

+01
01

+2393E+01 -
- .3804¢E

2}

.2379E+01
- .2044E-

01

-03
06

-03
03

63
05

03
03

+00
-01

83

484
489
492
499
504
509
s14
519
524
529
534
533
544
549
554
569
564
569
574
§79°
564
589
594
599
504
609
614
619
624
629

639
644
649
654
659
664
669
614
679
684
689
694
699 -
704
709
714
719
724
729
734
739
744
749
754
759
764

5

.4208E+0]
-.6054E-01

.4246E+01
+.1093E+00

.4246E401
-.2044E-01

.4328E401
-.1263E+00
.B655E€-03
.6415E-03

1036E-02

- 1442E-03

.1036E-02
.6567E-03

.1188E-02
. 4636E-04

.1188E-02

-.2211E-06

3930.784
4015.901
3519.347
3678.066
3916 106
3916.106
3448.196

. 3816.238

3816.311
3376.897
35B0.655
3716.517
3716.517
3367.917
3616.723
3616.723

. 3234.439

3460.398
3516.930
3163.208
3264.555
3417.136
3417.137
3092.035
3315.699
3317.347
3020.742
3143.263
3217.477
3217.699
2981.993
3114.915
3119.032
2900,348
3004.182
3030.478
2851.371

' 2888.213

2707.965
2708.067
2659.762
2658.078
2647.008
2630.342
2630.145
2601 .823
2534831

6 .

.3607€+01
-.1093E+00

.3462€+01
.7804E-01

" .3462E+01
-.1263€+00

.3332E+01
.4217€-01

.3332£+01
-.2019E+00

-3169E+01
.8966€-02

L3169E+01
-.6490E-01

.3135E+01
-.2103E-01

.6270E-03
L1431E-02

485  4015.816
490 4015.901
ass  3519.347
500  3757.386
505 3916.106
510  3916.106
515 3521.805
520 3816311
525  3816.311
530  3376.897
§35  3648.552
§40 376,517
545  3305.669
560  3430.103
566  3616.723
560  3615.723
§65 3234,496
570 3516.873
575 . 3516.930
580  3163.208
586  3315.724
590  3417.136
595 3417.137
600 3092.262
605  3317.330.
610 3317,351
615  3020.742
620  '31§8.215
625  3217.544
630  2948.872
635  3014.992
640  3116.195
645  3119,276
650 2900.348
656 . 3030.163
660  3030.561
665  2851.371
670  2906.637
675 2943.563
680 . 2943.659
685 - 2812.863
690 2856.399
695  2857.110
700 2752.570
705 2156.696
710 2171122
715 2707.355
720 2707.363
725 2708.07%
730 2708.032
735 2659.750
740 '2656.200
755 2644.733
750 2630.334
755  2630.058
760 2591.098
765 2500.000

7

.1803€+01
7804E-01

.1805E+01
.7622E-01

.1805E+01
laz2176-01

L 1798E+01
.5152€-01

" 1798E+01

.8966€-02

" .1783E+01

TL.2791E-01

-1783E+01
<.2103E-01

.1763E+01
.5163E-02

.1763E+401
-.3359€-01

.6012E+00
.7622€-01

-6634E+00
-.4336E-02

.6634E+00
.5152E-01

.7067€+00

"+ .4418E-02

.7067E+00
+2791E-01

.7317€+00
- 4436E-02

.7317E+00
. 5153E-02

.73895+00
-.4230€-02

.7389E+00
-.1701E-01

9
.6012E+00

- .4336E-02

.6596E+00

- .B000E-01

.6596E+00

- .441BE-02

.7058E+00

-.6416E-01

.705BE+00.

-.4436E-02

7412E+00

-.501BE+01

-7412E400

-.4230€-02

.T670E400

-.3761E-01

.7670E+00

-.3623E-02



ROW
ROW
ROK
RO
ROW
ROX
RON
ROW
RO
RO
ROW

ROX

ROV |

ROM-

RON

RON

ROW

ROW

RON

ROW

ROW

ROW

ROW

RO¥

ROM. -

RON

ROW

06

HORZ:  .9479E-06
VERT: -.9475E-07
HORZ:  .9479E-06
VERT: -.3394E-06
HORZ:  .8939E-06
VERT: -.8960E-07
HORZ:  .B939E-06
VERT: -.3007E-06
HORZ:  .B469E-
VERT: -.8370E-07
HORZ: .B469E-06
YERT: -.2640E-06
HORZ:  .BO64E-06
VERT: -.7654E-07
HORZ:  .8064E-06
VERT: -.2291E-06
HORZ: - .7718E-06
VERT: -.6944E-07
HORZ:  .771BE-06
VERT: -.1957E-06
_ HORZ:  ,7428E-06
VERT: -.6133E-07
HORZ:  .7428E-06
VERT: -.1636E-06
HORZ: ~ .7188E-06
VERT: -.5272E-07
HORZ:  .7188E-06
VERT: -.1375%-06
"HORZ:  .6995E-06
VERT: -.436BE-07
HORZ:  .6995E-06
VERT: -.1022¢-06
HORZ:  .6849E-06
VERT: -.3430¢-07
HORZ:  .6849E-06
VERT: -.7254E-07
HORZ:  .6745E-06
VERT: -.2468E-07
HORZ:  .6745E-06
VERT: -.4335E-07
HORZ:  .6583E-06
VERT: -,1488E-07
HORZ:  .66B3E-06
VERT: -,14428-07
HORZ:  .6663E-06
VERT: -.4971E-08
COLUMN: 10
HORZ:  .1443€+0}
VERT: -.8000£-01
HORZ:  .13926+0}
VERT: -,1384€-01
HORZ:  .1392E+01
VERT: -.6416E-01
HORZ:  .1352E+01
VERT: - 1292:-01,
HORZ: 13525+01
VERT: -.5018E-01
HORZ:  .1322€+01
VERT: -,1131€-01

.1186E-05

-.5109E-08

.11B6E-0Q8
-.8960E-07

.1167E-05
-.1704E-08

.1167E-05
-.8370E-07

.1159€-05 -
~ .5016E-07

.1159E-05
-.7694€-07

.1183E-05
-.4564E-07

.1153E-05
-.6344€-07

.1146E-05
-.4117€-07

J1146E-05
-.6134E-07

.1141E-05
-.3637€-07

.1141€-05
-.5272€-07

.1136E-05
- .3126€-07

.1136E-05
-.4368E-07

.1133E-05

-.2591€-07

.1133E-05

-.3430€-07

.1130E-05
-, 2036€-07

-1130£-05
- -2468E-07

.1127€-05
-.1466€-07

.1127£-05
-.1488E-07

.1126E-08
8837E 08

.1126€-05
- .4971E-08

. 1126E-05
-.2953E-08
11

.1443€+01
-.1384€-01

.1434E+01
-, 2807€-02

.1434E+0}
-.1292€-01

.1426€E+01
-.2659€-02

.1426E+01
- 1131E-01

-1419€+01
-.2376€-02

".5507E+00
- .4106£-01

.5507E+00
-.1192E-01

.5510E+00
-.3615E€-01

.1377E-08
- .5016E-07

.1368E-05

C..7221E-08

.1368E-05
-.A564E-07

.1359E-05
-.2408E-08

"..1359E-08

~.4117€-07

.1369€-05
«,8646E-07

.1369E-05
-.3637€-07

.1377€-05
~. 7431E-07

J1377E-05
-.3126£-07

 1384E-08
-.6267€-07

.1384€-08
-.2581E-07

.1389E-05
-.6113E-07

.1389E-05
-.2036€-07

1393[-05
-.3967€-07

L1393E-05°
- . 1466E-07

.1396E-05
-.2829E-07

.1396€-05
-.8837E-08

-1398E-05
- .1695E-07

~1398E-05
-.2953£-08

.1399E-06
-.5648E-08
12
.1443E+01
-.2807E-02

-1441£+01
- .6833E-03

.1481F+01
- .2659E-02

-1439E+01
-.5538E-03

. 14396401
-.2376E-02

.1438E+01
-.4964E-03

.7778E+00
-+ 1548E-01

~7778E+00
-+3615E-01

.7780E+00
+<4911E-01

-778DE+00
-.§065E-01

T7B4E+00
-.8276E-01

.7784E+00
-.1685E-01

.7788E+00
-.4711E-01

.1947E-05
-.B646E-07

.1930E-05
-.9519€-08

.193CE-05
- T431€-07

" .1915E-05

-.3173E-08

.1915E-05
-.6267E-07

1917E-08
~.7162E-07

.1917E-05
+.5113€-07

.1918€-05
- .57BBE-07
.1918E-05
-.3967€-07

.19]9E-05
<./4443E-07

.1919€-05
-.2829€-07

.1920€-05
- 3142€E-07

.1920E-05
+.1698E-07

.1920E-05
:,1873€-07

.1920E-05
-.5648E-08

.1921E-05
-.6223E-08
13

.1443E+01
+.5833E-03

.1442E+01

. 1227E-03

.1442E+01
- /6538E-03

.1442E+01
.1166E-03

.1442E401

' 4964E-03

.1442£401
+,1045E-03

84

.B781E-03
.1431E-02

.8781E-03
.7016E-06

.5680E-03

.1432€-02

,5680E-03

-.1182€-05

.2568E-03
.1437€-02

.1027€+01
.4711€-01

.1027€+01
.1933€-01

.1027E+01
.6663E-01

.1026E+01
.2373E-01

.1026E+01

.2221E-01
.1026E+01

-.2965E-01

.2566E-05
.7162€- 07

.2552E-05
.6985E-08

.2552€-05

-.$788E-07

", 2540E-05

.2329€-08
.2540E-05

- .4443E-07

-.1227€-03-

.2520E-05
.4582€-07

-2520€-05

.3142E-07
. 2506E-05

.3227E-07

.2506€-05
.1873€-07

.2498E-05
.1919E-07

.2498E-05

.6223E-08

. 2496E-05
.6368E-08

14
14438401

.1443E40]

-,3153€-04

" .1443E+01

.1166E-03

«1443E+01
.2994E-04

.1443€+01
.1045E-03

14436401

.2683E-04

.9418E-03
-.2399E-04

.9418E-03
.1432E-02

.7946E-03
.2112E-02

.7946E-03
.1437E-02

.6485E-03
.2112E-02

.6485E-03
.2762E-06

.1883€-03
.2126E-02

.7532E+00
.2373€-01

", 7531E+00
-.1200€-01

.7531E+00

- 2965€-01

.75338+00
-.4457E-01

.7533E+00
-.4890£-01

.7531E+00
-.3071E-01

.7531E+00
-.1630E-01

.7532E+00
-.3125€-01

.1883€-05
.4582E-07

.1894E-05
-.6756E-08

18945 05
.3827€-07

.1902€-05

-.2252€-08

.19062€-05
.1919€:07

.1906E-05
.1462E-08

.1906E-05
.6368E-08

.1907£-05
.4100E-09
15

.1443E+01
-.J153E-04

.1443E+01
-.3556E-04

.1443E+01
-.2994E-04

.1443£+01
-.3377€-04

.1443E+01
-.2683E-04

-1843E+01
-.3027€-08

.1750E401
.1701E-01

.3500E-03
.2112E-02

.8133E-03
-.2881E-04

.8133E-03
.2112E-02

«1272E-02
-.7227€-05

.1272E-02
£2126£-02

.1213E-02
+2397E%02

J1213€-02
-.1714€-06

.6981E-03
+2381E-02

L6981E-03

-,6367E-06

.1820E-03
.2384E-02

.7281E+00

_-.3071E-01

.7279E400
- .1094E-01

L 7279E+00
-.3125¢€-01

.72B0E+00
-.4240€-01

.7280E+00
-.4729E-01

1 7284E+00
-.7388E:01

.1284€+00
-.1676£-01

.7254{#00
-+2240€-01

+1821E-05
.1462¢-08

<1857E-05
-.1654E-06

-1BS7E-05
-4100€-09

-1869E-05 .

- .5497E-07

16
.1443E+01
-.3556E-04
14438401
-.1468E-03

. 1443E+01
-.3377€-04

.1443E+01
- 1394E-03

. 1443E+01
-.3027¢-08

.1443E+01
.1250€-03

.7286E+00

- ;3623€-

.7286E+00
- -4033E-

02

01

-6993E+00

- 2417E-

.6993E+00
- .1012€-

02

0

.6917E+00

- +3616E-

.1383E-
+2397E>

.4872E-
. 7849E>

-4872E-
:2381¢-

-8337¢-
.7798¢-

.8337¢€-
.2384€-

.1183€-
.7692¢E-

.1183¢-
- . 1863E-

.1020€-
.7829E-

.1020€E~
-.60S8E-

.8594E -
L7421

.8894€ -
-.1058¢E-

6998E -
.7366E-

03

03
02
63
03

03
02

03
03

03
02

02
03

02
06
02
03

02
06

03
03

03
05

03
03

+2799E+01

-.2240F-

o1

-2739E+01

i3654E-

<6997€E-
- 1654E-

e961€-
.1362%-

.6961¢-
-.5497E-

<6949E

03

0s
0é

0s
08

05
07

-05
.3627¢-

09

17

.1443E+01

-.1468E-

03

.1443E+01

-.69885

-03

-+ 1443E401

-.1354€-

03

.1444£+01
-.6635E-03

]444E+01

. 1250€-03

< 1444E+0]
-.5949€-03

.7843E+00
-.2607E-01

. 7843E+00

-.2417€-02

.7942€+00

-.1523E-01

.7942E+00
- 73616E-03

J7977E+00
- v4794E-02

.1595E-03
/7849E-03

+2520€-03
.3578E-03

.2520E-03
.7798E-03

.3431E-03 -

.3585€E-03

.3431E-03
.7692E-03

.4324€-03

.3566E-03
.4324E-03

.7529€-03

.5191£-03
.3525€-03

.5191€-03
.7421€-03

.6048€-03
+3460E-03

.6048€E-03
L T366E-03

.6912E-03
.3373g-03

+2765€+01

.3658E-03

Z765E+01
©1967E-01

.6913E-05
+1362€+08

.6915€-05
-, 8298E <08

.6915€-05
.3627€-09

.6916E-05

-.2832€-08

18 |

.1443E401
-.6988E-03

+1445€+401
-.3358E-02

.1445E+01
-.6635E-03

.1447E40]
-¢3183E-02

14478401
-.5949E-03

1449E+01
.2846E-02

—

. .



RON

ROW

RON

ROM

ROW

ROW

ROW

ROW

ROW

ROW

ROX

RON

ROW
RON
RO¥
ROM
RON
RO¥
ROW
ROM
RON
RO
ROW
ROW
ROW

ROW

ROW
ROW

ROW

26

25

24

17

16

15

14

13

12

11

10

32

3

30

HORZ:
VERT:

HORZ:
VERT:

HORZ :
VERT:

HORZ:
VERT:

" HORZ:
VERT:

HORZ:
VERT:

HORZ:
VERT:

HORZ:
VERT:

HORZ: ~
YERT:

HORZ:
VERT:

HORZ:
VERT:

HORZ:
VERT:

HORZ:
VERT:

HORZ :
VERT:

HORZ:
VERT:

HORZ*
VERT:

HOR2:
VERT:

HORZ:
VERT:

HORZ:
VERT:

KORZ:
VERT:

HORZ:
VERT:

HORZ:
VERT: - -,

HORZ:
VERT:

HORZ:
VERT:

HORZ:
VERT:

HORZ:
VERT:
COLUMN:

HORZ::
VERT:

HORZ:
VERT:

HORZ:
VERT:

.1322E+01
-.3761£-01

.1300E+01
-.9200E-02

.1300£+01
- 2607E-01

.1285E+01
..6737E-02

1285E+01
-.1523E-01

. 1276€+01
-.4039¢E-02

.1276E+01
-.4794E-02

.1274E+01
-.1206E-02

.2547E-03
.3578E-03

.2817E-03
.2332E-03

.2817E-03
.3585E-03

.2596E-03

.4608E-03

,2596E-03
.3566E-03

.2394£-03
.4896€-03

.2394€-03
.3525€-03

.2206€-03
.4393E£-03

.2206E-03
.3460E-03

.2025E-03
.4298E-03

.2025E-03
.3373E-03

.2292€-03

.2139E-03

91695*00

.1967€-01

.9169€+00
1941£-01

.9169E+00
-.5949E-01

.9163E+00
-.1872E-01

.9163E+00
-.1983€-01

L9161E+00
-.4907€-02
19

.1443€+01
-.3358E-02

+1453E+01
- .1648E-01

.1453£+01
-.3183£-02

.

.1419E+01

-.9200E-02

-1414£401

-.1974E-02

.1414E+01
.6737E-02

.1410E+01
.1477€-02

. 1410E+01
.4039E-02

.1407E+01

-.9124€-03

.1407€+01

-.1206E-02

-.1472E-01

-.9650E-06

.1407€401

.3072€-03

.2813E-03
.2332E-03

.3316E-03
9669E-06

.3316E-05
.4608E-05

.3262E-05
. 4856E- 05

.3262E-05
.4496E-08

.3185E-05
48515-05

.3185€-05
.4393E-05

.3087€-05
.4850E- 05

.3087€-05
-4298€-05

.2966E-05
.4B53E- 05

.2966E-03
-2139€-03

.3427E-03

~9457E-06

.3427E-03

.2772:-03

.3425€-03

.9028E-06'

.1370E+01

.1370E+01

.1370€+01

-.4907€-02

.1370€+01

-.7595E-06

20

.1443E+01

-.1648E-01

-.9387E-01

.1503E+01

.1503E+01

-.1541£-01

.1438E+01
- 1974E-02

.1437E¥01
-, 4141E-03

.1437E+01

.. 1477E-02

.1436E+01
- 3112€-03

.1436E+01
+.9124E-03

.1435E401
. 1929E-03

.1435E401
- 3072£-03
A

.1435€+401
-.6509E-04

.2B70E-03
.9669E-06

LE871E-03
.4122£-06

~2871E-05
.4856E-05

©3004£-05
.4243E- 05

<3004E-05
.4851E-05

<J135E-05
.4247E-05

+3135E-05
.4850£-05

.3264E-05
.4254E-05

.3264E-05
.4853E-08

.3391€-05
.4265E-05

.3351E-03
.9457E-06

.3407€-03
- 6470E-05

3407E -03
.9028E-06

.3424£-03
-.6886E-05

.1370£+401
~.9650E-06

.1370E+01

~.5163E-05

.1370E+01
-.7595E-06

13708401
<. 1721E405
21

.2405E+01
~.§387€-01

,2345E+01
-.1649€E-01

+2345E+01
- T864E-01

. 1443E+01

.1442€+01
-.4141E-03  -.8723E-04
J1442E+01 L 1443E%01
-:8723E-04 - -.2237E-04
(14428401 L1443E401
-.31126-03  -.6555E-04
.1441E+01 .1443E+01
-.6555E-04  -.1677E-04
JA41ER0D L 1443E401
-.1929€-03  -.4058E-04
J1441E401 (14426401
-.4058E-04  -.1032£-04
J441E401 (14426401
-.6509E-04  -,1357E-04
JA81E+01 14426401
-.1357E-04  -.3343E-05
.2882E-03  .2886E-03
.4122E-06  .Z863E-06
.2883€-03  .2885E-03
.2863E-06  .2368E-06
.2883E-05  .2885E-05
4243E-05 - .2889E-05
3176E-05  .,2996E-05
-2889€-05  ..2375€E-05
J317BE-05  .2996E-05.
.4247E-05  ,2886E-05
.3470E-05  .3107E-05
.2886E-05  .2375E-05
.34706-056  .3107E-05
.4254E-05  2878E-05
.3168E-05  .3216E-05
.2878E-05  .2375E-05
.3768E-05  .3216€-05
L42656-05  .2866E-05
L4071E-05  .3322€-05
.2866E-05  .2375E€-05
.4071€-05  .3322E-05
-.6470E-07  .2B49E-05
.3440E-05  .3425E-05
.2849€-05  .2375E-05
3440603 .3425: 03
.68B6E- 05 .2681E-06
,34256-03  ,3425E-03
L26B1E-06  .2374E-06
.1370€+01 .1370€+01
-.5163E-05  .2005E-08
13706401 . 1370€+01
-20056-06  .1781€-06
.1370€+01 .1370€+01
- 1721E-05  ..6665E-07
J3706+01 L 1370E401
.6665E-07  .5935E-07
22 23
L2405E+01  .2407€+01
- 1649E-01  -.3464£-02
.2395E+01 .2404E+01
- 3464E-02  -.7367E-04
J2395E+01  .2404E+01
+.1542€-01  -.3252E-02
85

.1443E+01

=.2237E-04

1443E+01

-,2525E-04

.1443£+01

- 1677E-04

.1443E401

-.1895E-04

+1443E401

- /1032€-04

.1443E+01

- .1169E-04

.1443E+01

- /3343E-05

.1443£+01

- .3842E-05

.28B6E-03
.2368€-06

,2886€ 03
“1869€-06

+2886E-05

.2375€-05

2994[ 0%
.1877E-05

2994E-05
.2375€:08

v3101E-05 "

. 1877€-05

<3101E-05
.2375£:05

3209E-06
.1877t+05

-3209£-05
<2375E-06

J3317E-05

<1877E-05
L3317E-05

.2375E-05

.3424€-05

.1877¢-08

.3424£-03
.2374E-06

.3425€-03
.1877E-06

.1370€+01
.178B1E-06

.1370E+01
.1408E-06

.1370£+01

.5935E-07

+1370E8+01
.4692€-07

24
. 2400E+D1

-.7367E-04

- 2400E401
-.399BE-05

.2400E+01
-.1655£-03

.1443E+01
-.2625E-04

14436401
-.1044E-03

. 1443E+01
-.1895E-04

.1443E+01
-.7849E-04

.1443E+01°
-.1169E-04 -

.1443E+01
-.4867E-04 -

.1443E+01

-.3B42E-05 -

.1443E+01

-.1641E-04 -,
-.2889€-03

+2886E-03
.1869E-06

.28B6E-03
.1346E-06

.2886E-05
.1B77E-08

.2994E-05
.13B0E-05

.2994E-05
J1877€E-05

<3102€-05
- 1380E-05

/3102€-05
.1877€+05

:3209£-05
+1380€-05

.3209E-05
-1877€:05

.3317E-05
-1380€:05

.3317E-05
.1877€-05

.3424E-05
-1380€-05

.3424€-03
.1877E-06

.3425€+03
.1380E-06

.1370€+401
.1408E-06

.1370E401
.1035E-06

L1370E+01
.4692E-07

L1370E+01
.3449€-07
25

.2400E+01
-.3998E-05

. 2400£+01
-.4218E-06

.2400E+01
-.1089¢E-04

+1444E401

-.1044€-03

.1444€+01
.4965E-03

.1444E+01
.7B49E-04

.1445E+01
.3733E-03

.1445E+01
.4867E-04

.1445£401
.2316E-03

.1445€+01
.1641€-04

.1445E+01
7845E-04
.1346E-06

.289QE-03
.7270€-07

.2890E-05
.1380E- 05

.2997¢- 0s
.8B52E-06

.2997€-05
.1380E-05

.3104€-05
.8855E-06

3104E-05
1380€-05

Z3211E-05
.8857¢€-06

L3211E-05
L1380E-06

.3318E-05
.8858E-06

.3318E-05
.1380E-05

.3424E-05
.8859E-06

©3424E-03

.1380E-06

.3425€-03
.8858E-07

L 1370€401

.1035E-06

.1370E401

.6643€-07
.1370E+01

.3449€-07

-1370£401

.2215E%07

. 26

. 2860E+01
-.4218E-06

. 2400E+01

-, 1717€-06

24005#01
1210E 08

L 1449E401
- 496503

.1450€+01
- :2368E-02

J1450£+01

- s3733E-03

.1481E+01
- 1775€-02

+1451E+01
-.2316E-03

.1452E+01
-.1099E-02

1452401
- . T845E-04

.1452E+01

- /3721E-03

.2904E-03
.7270E-07

.2904E-03
-.3466E-07

.2904E+05
.B8S2E-06

.3009E-05
.4029€-06

.3009€-05
.8855E-06
.3113E-05
.4041E-06
-3113E-05
.8B57E-06
.3217€-05
.4051€-06
".3217E-05
.8858E-06
“3321E-05

.4057€-06

.3321E-05
.8859E-06

.3424E-05
.4060E- 06

.3824E-03
.8B58E-07

.3425¢-03
.4061E-07

.1370E+01
.6643E-07

.1370E+01
.3046E-07

.1370E+01
.2215€-07

.1370E+01
.1018E-07
27

.2800€+01
-s1717€-06

.2400E+01
- .1454E-06

«2400E+01
-.5113E-06




RON 29 HORZ: :1462E+01  .1549€+01  .2298E+01  .2385E+01  .2402E+01  .2400E+01  ,2400E+01  .2400E+01  .2400E+01
VERT: -.1541E-01  -.7564E-01  -.1542E-01 -.3252E-02 -,1655€-03  -.1089E-04  -.1210£-05 -.5113E-06  -.8359E-06

ROW 28 HORZ:  .1462E+01 .1648E+01 .2298E+01 .2385E+01 T2402E+01 .2400E+01 .2400E+01 -240DE+01 .2400E+01
VERT: -.2B46E-02 -.1353E-01  -.5943E-01 -.1354E-01  -,28B9E-02  -.2082E-03 -.1535E-04 -.1847E-05  -.8404E-06

'

ROW 27. HORZ:  .1471E+01 .1586E+01 . 2263E+01 .2377Ex01 .2400E+01 .2400E+01 .2400E+01 -2400E+01 <2400E+01
VERT: -.1353E-01  -.5943€-01  -,1354E-01 -.2889E-02 -.2082E-03  -.1535E-04  -.1B47E-05  -.8404E-06 -.7256E-06

RON 26 HORZ: .1471E+01 .1585E+01 .2263E40] .2377€+01 ;2400E+01 .2400E+01 .2400E+01 - ,2400E+01 2400E+01
VERT: -.2368£-02  -.1106E-01  -.447SE-01  -.1107E-01 :.2392E-02  -,2093E-03 - -.1682E-04 -.2276E-05 -.1155E-05

ROW 25  HORZ: .1877€+01  .1611E+01  .2237E+01  .2370E+01  .239BE+01  .2400E+01  .2400E401  .2400£+01  .2400E+01
VERT: -.1106E-01  -.4475E-01  -.1107€-01 -.2392E-62  -.2093E-03 -.1682€-04 -.2276E-06  -.1165E:06  -.1014E-05

RON 24 HORZ:  .1477E+01 .1611E+01 L 2237E+01 .2370E+01.  .239BE+01 L.2400E+01 .2400E+01 +2400E+01 ;2400E+01
VERT: -.177S€-02  -.8175E-02 ~-.3120£-01 -.8180E-02 -.1786E-02 -.1772E-03 .- IS31E-04 -.2480E-05  -.1453E-05

ROW 23 HORZ:  .1482E+01 .1628E+01 .2219€+01 .2365€+01 .2397E+01 .2400E+01 .2400E+01 .2400E+61 .2400E+01
VERT: -.B175E-02  -.3120E-01 -.B180E-02 -.1786E-02 -.1772E-03 -.1531E-04  -.24B0E-05 -.1453E-05 -.1302E-05

RON 22 HORZ: .1482E+01 .1628E+01 .2219E+01 .2365£+01 .2397E+01 .2400E+01 .2400E+01 +2400E+01 .2400E+01
VERT: -.1099E-02 -.5011£-02  -.1842E-01  -.S014E-02  -.1100E-02 -.1208E-03  -.1130E-04  -.2487E-05 -quﬁﬁE-05

RON 21 HORZ: .1485E+01 .1639£+01 .2209E401 .2362E+01 .2396E+01 .2400E+01 .2400E+01 ~2400E+01 .24DOE+Oi
YERT: -.5011€-02  -.1842E-01 -.S5014E-02 -.1100€-02  -.1208E-03 . 1130€-04 .2487€-05 -.1736E-05 -.1588E-05

RON 20 HORZ:  .1485E+01 -1639E+01 .2209E+01 .2362E+01 .2396E+01 .2400E+01 .2400E+01 ~2400E+01 ~2400E+01
VERT: -.3721£-03  -.168BE-02 -.6094E-02 -.1689E-02 -.3655E-03 .499SE-04 - .5614E-056  -.2359E-05 -, 2009E-0S

RON 19 HORZ: .1486E+01  .1642E+01  .22056+01 = .2361E+01  .2396E+01  .2399E+01  .Z40DE401  .2400E+01  .2400E+01
VERT: -.168BE-02  -.6094E-02 -.1689E-02 -.3655€-03 -.4995€-04 ~-.5614E-05 '-.2359E-05 -,2009E-05  -.1874E-05

ROW 18 HORZ: .2973E-03  '.3285E-03  .4410£-03  .4723E-03  .2396E-05  .4799E-03  .4800E-03  ,4800E-03  .4B00E-03
VERT: -.3466E-07 -.34126-06 -.1232E-05 -.2395E-06  .5212E-07  -.1408E-04  -.2425E-05  -.2271E-05  -.2144E-05

RON 17 HORZ: .2073E-03  .3286€-03  .4408E-03  .4699E-03  .24226-056  .4774E-03  .4799E:03  .4799€-03  .4799£-03
VERT: -.3812€-06 -.1232E-05 -.2395€-06  .1042E-04  -.7038E-07 -.24Z5E-05  -.2271E-05 -.2144£-05 -.2017E-05

ROW 16 HORZ: .2973E-05  .3286E-05  .440BE-05  .4699E-05  .2422E-05  .4774E<0S  .4799E-06  .4799E-05  .4799E-05
VERT:  .4029E-06 ~.2042E-07 -.16856:06  .7SB4E-06  .8662E-06 -.2501E-04  -.2397E-04  -.2271E-04  -.2144£-04

RON 15 HORZ: .3065E-05  .331SE-05  .420BE-05  .4489E-05  .5316E-05  .4550E-05  .4525E:05  .4524E-05  .4524E-05
VERT: -.20426-07 -.16BSE-06  .7SB4E-06  .17326-05 -.1250E-04 -.2397E-04 -.2271E-04 -.2144E-04  -.2017E-04

RON 14 HORZ: .30655~05 .3319E-05 +4208E-05 .4489E-05 L8316E-05 .4550£-05 .4525E-05 .4524E-05 .4524E-05
VERT:  .4041E-06  -.1493E-07  -.1493£-06 .7645E-06 .8781E-06  -.2503E-04 -.2397E-04  -.Z271E-04  -.2144E-04

RO¥ 13 HORZ; .3156E-05  ,334BE-05  .4010€-05  .4274E-05  .8214E-05  .4321E-05  ,4250E-05  .4250E-05  .4250E-05
VERT: ~ <,1493£-07 -.1493E-06  .7645£-06  .1756E-05  -.1251C-04  -.2397E+04 -.2271E-04 -.2144E-084  -.2017E-04

‘RON 12 HORZ:  .3156E-05  .334BE-05  .4010£-05  .4274€-05  .B214E-05  .4321E-05  .4250E-05  .4250€-05  :4250E-05
VERT:  .40S1E-06 -.1078E-07 -.13496-06  .7702E-06  .93506-06 -.2514€-04  -,2397E-04 -.2271E-04 :.2144E-04

RON 11 HORZ:  .3246E-05 .3374E-08 .3B14€-05 ,4036E-05 «1114E-04 .4069€-05 .J976E-05 .3975E-05 +3975E-05
VERT: -.1078E-07  -.1349E-06 .7702E-06  .1870E-05  -.1257E-04  -.2397E-04  -.2271E-04  -.2144E-04 -.2017E-04

RO 10 HORZ: .3246E-05  .3374E-05  .JBME-05  .4036E-05  .11M4E-04  .4069E-05 J3976E-05  ,3975E-05  .3975E-05

VERT:  .4057E-06 .7989E-08 -.1254E 05 .7750E-06 .1037e-05 - -.2535€-04 <.239BE-04 -.2271E-04 - L2144E-04

RON § HORZ: .33356-05  .3400£-05  .3619€-05  .3755E-05  .1410E-08  .37726-05  ,3701E-05  ,3700£-05  ,3700E-05
VERT: -.7989E-08 -.1264E-06  .7750£-05  .2075E-05 -.1267€-04  -.2398E-04 -.2271E-04 -.2144E-06 ~,Z017E-04

ROX 8 HORZ: .3335E-05 34005-05 +3619E-05 .3755E-05 .1410E-04 .3772£-05 3701E os .370&5:05 ,3700E-05
YERT:  .4060C-06 .6589E-08  -,1207€-06 .T1779€E-06 .1187E-05 j.2564E 04 .2398E-04  -.2271E-04  -.2144E-04

RON 7 HORZ: .3424£-05  .3425-05  .3425€-05  .3409E-05  .1714E-04  .34126-05  .3425€-05  ,3425£-05  ,3425E-05
VERT: -.6589€-08 -.1207E-06  .7779E-06  .2373E-05 -.1282F-04  -.2398E-04  -.2271E-04 -.2144E-04 -.2017E-04

ROW 6 HORZ:  .3424E-03 .3425E-02 .J425E-03 .3409E-03 L1714E-04 J3412E-03  .3425E-03 .3425E-03 .3425£-03
VERT:  .4061E-07  -.5688E-09  -.1187E-07 .6118E-07  -,3476E-07 ;3469€-05  -.2384E-05 -,2270£-05 -.2143E-05

RO¥ & MORZ:  .3425E-03 .3425E-03 .3425E-03 .3425E€-03 L1712E-04 .3425€-03 .3425E-03 .3425E-03 .3425€-03
VERT: ~-.5888E-09  -.1187E£-07 .6118E-07  -.6952E-05 L1735£-07 -,2384E-05  -.2270E-05  -.2143E-05 -.2016E-05

v.t= . = = E E . =1A‘_ - = - =4:.. ...E.,_...

RON 4 HORZ: .1370E+401  .1370E+01  .1370E+01  .1370E+01 -1a70Ek0z L 1370E801 (13706401 13706401 .1370E+01
VERT:  .3046E-07  -.4400E-03  -.8895E-08  .4468F-07 -.1064€-05  .8051E-05  -,1787E-05 -.1703E-05 -.1607E-05

RON 3 HORZ: .1370E401  .1370E+01  .1370E+01 .1370E+01 J13706402 13706401  .1370E+01 -1370€+01 .1370€+01
VERT: -.4400E-09 -.8895E-08  .446BE-07 -.1064E-04  .BO51E-06 -.1787€-05  -.1703E:05 ..1607E-05 -.1512E-05

RON 2 HORZ:  .1370E+01 - 1370E+01 .1370E+01 .1370E+01 .1370E+02 J1370E+01 .1370E+01 1370401 .1370E+01
VERT:  .1015E-07  -.1500E-09  -.2965£-08 .1458E-07  ~.3545E-06 .2683E-05  -.5952E-06 -.5675€-06 -.5358E-06

ROW 1 HORZ:  .I370E+01  .1370E+01 - .1370E+01  .13706401  .1370E+02  .1370E401  ,1370E+01 13108801 .1370E+01
VERT: -.1500E-09  -.2965€-08  ,14586-07 -,3545E-05  .2683€-06 -.5952E-06  -.5675E<06  -.5358E-06  -.5041£:06

COLUMN: 8 29 . 30 3 32 33 34 . 35 36
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HORZ:
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HORZ:
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HORZ :

VERT:

.HORZ:
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HORZ:

VERT:
HORZ:
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HORZ: -

YERT:

HORZ:
VERT:

.2400€+01

~.1454E-06

.2400€+01

-.1351E-06

. 2400E+01

-.4359E-06

.2400E+01
.4052E-06

.2400E+01
. 7256E-06

.2400E+01
-.6752€-06

.2400E+01
-.1014€-05

.2400E+01
-.9452E-06

«2400E+01
.1302E+05

+2400E+01

-.1215E-05

24005+01
.1588E- 05

<2400E+01
- . 1485E-05

. 2400401

-;1874E-05

.2400E+01

-.1755E-05

.4799E-03

-,2017E-05

.4799E-03
.1890E-05

.4799¢E-08
.2017E-04

.4524E-05

-.1890€-04

L4524E-05
-, 2017E-04

.4250E-05

- .1890E-04

L4250E-05

~.2017E-04

.3975€-08
-.1850€-04

.3975€-05-

.2017€-04

.3700€E-05
.1890€E-04

.3700E-05
.2017E-04

.3425E-05
.1890€-04

©.3425€-03

.2016E-05

3425[ 03
.1889E-05

.1370£401

-.1512E-05

.1370E+01 -

~.1417E-05

+2400E+01
.1351E 06

. 2400E+01

-.1259€-06"

«24Q0E+01
- .4052E-06

24008401
-.3777E-06

.2400E+01

~.6752E-06

-2400E+01
- .6296€-06

+2400E+01
- .9452£:06

- 2400E+01
- :8814E-06

-2200E+01
-1215E:05

«2400E+01
~+1133E-05

2400£+01

+1485E-05

/2400E+01
= .1385E-05

«2400E+01
-.1755E-05

+2400E+01
-.1637€E-05

.4799E-03
~.1890£-05

.4799E-03
~.1763E-05

.4799€-05
-.1890E-04

.4524E-05
-.1763t-04

-4524E-05
*.1890E-04

.4250E-05
-.1763E-04

.4250€-05
- .1890€-04

.3975€-05
-.1763E-04

<397SE-05
-.1890E-04

.3700£-05
-.1763€-04

.3700E-05
-.1890E-04

.3426€-05
-1763E-04

.3426E-03
-.1889E-05
-3425€-03
- 1763E-05
.1370E+01
-.1417E-05

.1370E+01
-.1322€+05

.2400F+01
- 1259€:06

- 2400E+01
-.1169£:06

<24006+01
-.37177€:06

<2400E+01
-,3507€-06

<2400E+01
<.6296€-06

+2400E+01
- .5B45E-06

.2400E+01
= 8814E-06

-2400£+01
-.8182E-06

.2400E+01
-.1133€-05

L 2400E+01
-.1052€-05

.2400E+01
-.1385€-05

.2400£+01
-.1285E-05

.2400E+01
--1637€-05

. 2400E+01
-.1519€-05

.4799E-03
-.1763E-05

.4799E-03
-.1636E-05

.4799E-05
-.1763¢-04

4524[ 05
.1636€-04

.4524E-05
- 1763E-04

.4250€-05
-.1636E-04

.4250€-05
-.1763€-04

.3975E-05
- 1636E-04

-3975€-05
- 1763E-04

.3700E-05
< 1636E- 04

.3700€-0%
-.1763E-04

.3426E-05

-.1636E-04.

J3426E-03

-.1763E-05

- 3425E-03
- .1636E-05

.1370€+01

-.1322E-08

.1370€+01
1227€-05

. 2800E401

-+1169E-06

. 2400E+01
.1088E-06

+2400E+01
-3507E-06

. +2400E+01

-.3263E -06

24DOE+01
.5845E-06

.2400E401 .

.5432E-06

.2600E+01
.81B2E-06

.2400E+01
.7592E-06

<2400E+01
.1082E-05

.2400€+01

-.9743E-06

-2400E+01

- .1285E-0S

.2400E+01
.1188E-05

.2400€+01

-.1519€-05

.2400E+01

-.1402€-05

.4799€-03

-.1636E-05

4799[ Q3

-1509€-05

.4799€E-05
.1636E-04

.4524E-05

+.1509€-04

.4524E-05

-, 1636E-04

.4250E-05

. 1509€-04

.4250€-05

- 1636E-04

.3975¢t-05

-.1509E-04

.3975€-05
- 1638E-04

.3700E-05

-.1509€-04

*.3700E-05

-.1636E-04

+3426E-.05
.1509E -04

3426[ 03
. 1636E-05

.3425€-03

-.1509E-05

.1370£+01

-.1227€-05

-1370€+01

-.1131E-05
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L2400E401  .2400E+01
-.10B8E-06  -.1133£-06
.2400E+01  _2400E+01
-.11336-06  -.2885E-06
L2400E+01  .2400E+01
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ELASPED TIME IN YEARS: - 500000.00 ‘ H
ELAPSED TIME IN DAYS: 182500000.00 . _

TOTAL NUMBER OF PARTICLES ADDED: 1000

100 PARTICLES ADDED AT RO¥ 6. COLUMN 16

DISTRIBUTION OF NON-MOVING REFERENCE PARTICLES

251 OUT OF 1000 PARTICLES HAVE LEFT THE CONFINING BED
0 OUT OF 1000 PARTICLES HAVE LEFT THE FLOW SYSTEM
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ELAPSED TIME IN DAYS: 182500000.00

DISTRIBUTION OF REFERENCE PARTICLES
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ELASPED TIME [N YEARS:  750000.10
ELAPSED TIME IN DAYS: 273750000.00

TOTAL NUMBER OF PARTICLES ADDED: 1500
100 PARTICLES AODED AT ROW 6. COLUMN 1
DISTRIBUTION OF NON-MOVING REFERENCE PARTICLES

564 OUT OF 1500 PARTICLES HAVE LEFT THE CONFINING BED
0 QUT OF 1500 PARTICLES HAVE LEFT THE FLOW SYSTEM
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ELASPED TIME IN YEARS:  750000.10
ELAPSED TIME IN DAYS: 273750000.00

DISTRIBUTION OF REFERENCE PARTICLES
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ELASPED TIME IN YEARS:  1250000.00
ELAPSED TIME IN DAYS: 456249900.00

{

TOTAL NUMBER OF PARTICLES ADDED: 2500 -
100 PARTICLES ADDED AT RON 6, COLUMN 16
DLSTRIBUTION OF NON-MOVING REFERENCE PARTICLES

1422 OUT OF 2500 PARTICLES HAVE LEFT THE CONFINING BED
0 OUT OF 2500 PARTICLES HAVE LEFT THE FLOW SYSTEM
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ELASPED TIME IN YEARS:
ELAPSED TIME IN DAYS: 456249900.00
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