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EC Priorityllssuez 
The primary EC priorityflssue that this groundwater’. contaminant 

transport model 

addresses deals with the toxics that are released into our environment. 

Specifically, this model is designed to simulate and predicts 
the transport and 

fate of contaminants in groundwater flow systems, and their impact on our 
resources. Such models are necessary for the implementation of 

management 

strategies, risk assessments, and remediation efforts 
which are related to EC’s 

goal of the virtual elimination of contaminants. 

Current status‘:
_ 

The conversion of this groundwater contaminant transport 
model from a main 

frame computer to'a personal computer is complete. This will enable‘ the 

simulation model to be used in all staff and orgagnizations 
who have a PC. No 

further improvements or modifications to this 
contaminant transport code is 

planned. ' 

Next steps: 
No further improvements 0 
planned_. The code will be made available t 

model. 
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ABSTRACT 

With recent advances in personal computer hardware and software, many contarninant transport
I 

codes and large contaminant transport problems which were restricted to main frame computers 

can now be runon personal computers. The Deterministic-Probabilistic Contaminant Transport 
(DPCT) model is one of thesedcodes which was‘ori’gin'al designed to run on a ' 

computer, and it has now been converted to run on a personal computer. The model is designed 
to simulate contanunan. _ t tran_ 

a" sport in a vertical cross section,» and accounts for advection, 

dispersion, diffusion, decay and cation. exchange for a single component. The model can be used 
to simulate any type of water table or hydrostratigraphic configtlration, and a variety of boundary 

conditions. The hydraulic head values for the groundwater flow domain are solved utilizing a 

finite element grid and the Galerlcin method of‘ solution for the groundwater flow 
d 

equation; Thetransport of contaminants is simulated through a particle tracking procedure which 

represents the mass in the system with alarge number of reference particles. The -advective and 

dispersive movement of the contanfinant within a groundwater flow domain are simulated using a 

random-walk approach to move the referenceparticles. report describes the DPCI‘ code and 

serves as the user’s manual for the PC version of the model. 

iii
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» 1. INTRODUCTION 

Computer models are used to simulate the transport of contaminants within a groundwater 
flow domain were 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

4 

personal". computers became more common, typical contaminant transport sirnulations required 
more computer memory than was available on the personal computers. Recent advances in 
personalcomputer hardware and software has enabled many contaminant transport codes 
large contaminant transport problems that were restricted to main frame computers to "now be run 
on personal computers. 

A
' 

The Qeterministic-Erobabilistic Qontaminant _'I‘_ransport (DPCI') "model is one of these 
codes. The DPCI‘ code was originally developed forthe U.S. Nuc1ear’Reg‘filatiory Commission to 
evaluate possible groundwater contamination resulting 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 sufficviently general to enable the user to "specify virtually 
any type of water table or geologic configiiration, and a variety of boundary conditions. With the 
information provided in the users manual, changes to the computer code which may be necessary 
for 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 
features 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 code is fi'ee' 

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 simulated through a particle tracking procedure in which 
the contaminant mass in the system is represented by a. large number of reference particles. The 
advective-or deterministic component of transport is a function of the groundwater flow velocity. 
The dispersive 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 deter1n_inistic—probabilistic technique was first developed and applied by
' 

Ahlstrom et al. (1977). In addition to the _DPC'I‘ 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 demonstralted usefulness in 

the evaluation of practical problems, the technique has -been extended to the evaluation 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 number 
generator, which was specific to a main fi'ame computer, with one. designed to generate random 

v 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 muchof the code, input requirements, and 

- format of the output, the same as in the original code in order to maintain consistency with the 
"I 

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; Theexample 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 Deterrninistic-Pr‘obabilis_tic Contaminant Transport model. The development and verification 
of the model are discussed in Section 2. Section 3 consis_ts of a description of the computer 
program, including a detailed examination of input and output pa'ramet,ers.. Section .4 presents 

sample data sets and simulation results for two waste repositories in order to demonstrate the 
operation of the model. '

S 

- 

' 

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 contaminant transport 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 dispersion are macroscopic and microscopic mixing due to the structure ofthe porous‘ 

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 groundwaterosystem. 

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 charge at the surface of an exchange mineral. 
The resulting effect is a. reduction in the concentration of the contarninant 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 

'1 

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

usually refer to the breakdown of organic compounds by various chemical, biological or physical 
p‘roces‘ses. ‘The degradation rate constant or transformation rate constant is expressed as a ‘half- 

' 

life of the compound These aI.1...iI.npQrtant process which may reduce the concentration of a 

contaminant.in a.flo‘w system. 

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

_ 

8 Ci

I 

R9‘: .(:t
) 

I 

.‘t.’[V]:al

/ 

where De. the hydrodynamic dispersion coefficient [L2/T], C is the concentration in solution 
[M/L3], v.. is the average linear groundwater velocity in the ct-direction [L/T], Ri,- is rate of 

production of constituent i in reaction 
' 

j [MT/L31,‘ 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 Domenico and Schwartz (1990). 
T

' 

i

3 

oL,1:-_:=1,2 
’ (1)

n
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Several models of mass transport in an active groundwater system involve a direct- 
numericalsolution to equation (I). An alternative method to simulate mass transport is" the hybrid 

' 

deterministic-probabilistic modeling technique (Reddell and Sunada, 1970; Schwartz, 1978). 
technique represents a simple, yet versatile and powerful approach which _ca_n be applied to 
domains consisting of complex hydrostratigraphy. The hybrid method addresses the fundamemal 
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 locatedlat the intersection of a set of rows and colurrms. The 
hydraulic head distribution is determined by solving the following groundwater flow equation: « 

where K0,, is the hydraulie 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: 

hxai 
_ 

hXa'+'-1 x . . 

v. ='T e <3) 

the model, velocity vectors for groundwater flow in both thex- and z-directions are 
calculated for each triangular element. The velocity values are assignedlto the ‘centroid of ‘ an 

‘ 

element, located at the midpoint of the cell in_the it-direct-ion and one-quarter of the ejell width" '‘

4 

tr,tt=1. Km:==0forot‘¢t ' 

. 

' 

(Z)~



) 

from both the top‘ and bottom of the cell in-the z=dir'ection-, for the upper andlower elements,
I 

respectively. It is assumed that the groundwater flow pattern is unaffected by the rnass 

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 determims‘ " ' 
‘tic component of motion or advective

_ 

transport. A velocit-’y~is calculated for each reference particle in the region by interpolating values 
fi'om the two-dime’ nsional 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; Vv 

x =x_1‘+viAt 
_ 

_ 

‘ 

A 

V (4) 
X,‘ 1.!- 

‘ 

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

2 
‘

' 

The new particle position is, in effect, only temporary because the effects of 
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 a 

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): 

x2,t 
= 

x2.t’—l 
+ x1 

y 

(5) 

where x; and are dispersion lengths [L] and v the ‘average pore velocity [L/1'] defined as: 

-;=_JVf-i-V: ’ 

. 

, 

~ 

_

I

'



The dispersion lengths, or distance that a particle travels due to dispersion, are functions 
I 

of the longitudinal and transverse dispersivity: 

xi, 
= ,[24'DLAt_{05‘-[Zl:,) 

p

I 

x; =,/24D,A:(o5—tz1§,) 

T 

T 

a 0) 

where D1, and D1‘ are thelongitudinal and transverse dispersion coefficients, respectively [L2 
‘ 

, . 

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

Readers interested in the.deriva_tio'ns of (4) and (5) can refer to an excellent discussion by 
Ahlstrom et al (1977)-.— Note that- the dispersion process considered here is formulated ‘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 forrnulation, 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 region 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 anddispersive processes are considered, the quantity of mass
4 

,assoeiat_ed 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‘“‘ ‘ 

x (8) 
K . 

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‘ time step, 1 is the decay coefficient [1/T] where 7» = ln(2) / tm.

6



- 

. As is the case with mosttransport models, cation exchange is approximated as an 
exchange process described in terms of a distn'but_ion coemcient. The fonnulation 

used here is slightly more general in that instead of the distribution coeflicient, the user specifies 
cation exchange capacity, selectivity coefficient and total cation concentration of the solution. 
These parameters related to the distribution coefficient in the following way: 

K.:‘=cec-f/C_'. 
, 

pl I 

i A " 
(9) 

where K. is the distribution coefficient [L3/M] , cec is the cation exchange coefficient [MIM], 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 possibleto calculate contaminant concentrations the 

region, -Concentrations in each cell are calculated by:
_ 

c,,,= :‘_V:+iKd.Pn—‘..c,H /(1+1n<, (10) 

where C;,. is the concentration of the contanfinant in celli at the present time step [M/L-3], p is the 
number ofparticles in a cell, mj the mass of a particle [M], V is the volume of the cell [L3], Cw 
is the concentration of the contaminant in celli during the previous time step [M/L3], and p is 
bulk density [M/L3]. 

'

- 

The solution of both 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. ,G’ro_undwate‘r can recharge 
to or discharge from the flow system at nodes only whereiconstant head values are assigned, 
otherwise, flow is parallel to these boundaries. Mass can exit fiom the region" at Zones of 
groundwater outflow. Moving reference particles intersecting a no-flow boundary are simply 
reflected instead of passed through the boundary.

'

'



3. THE COMPUTER PROGRAM 

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 computerversion of DPCT. - 

3.1 Model Structure. 

The basic sequence of operations of the model is illustra_ted. 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, 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 ’1inea_ritriangular'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. 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 a‘pproximat_i_ng 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 quadratic or cubic sides ‘are available, but the added computer storage 

and execution tirne costs would not offset a slightly improved solution offered. by these functions. 
. 

. K 

Utilizing the head values, -average linear groundwater velocities or pore velocities 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 efiective porosity of the medium.
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Figure 3.1 Flow chart of the detetfministic-probabilistic contantinant transport model.



Finally, the mass transport problem is solved by tracking reference particles with their associated 
mass through the porous medium. A specfified 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 timestep, source functions th_at are variable in time can be approximated. 

At. the beginning of each time step, a velocity for each reference particle is obtained by 
linear interpolation from the surroundirrg 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 component of motion in the vicinity of the interim position. 
Finally, the concentration of the contaminant is calculated in each cell within the domain, and 

printed along with the distribution of reference particles. Care must be taken when choosing an 
appropriate time—step size. If the step size is too large, moving particles canbe moved over very 
large distances causing particles to. end up occasionally at unrealistic locations. 

. / 

The model is designed to loop through the number of times stepsndefined by the user. At 
C 

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 original DPCT code was programmed in FORTRAN IV and run and tested using the _ 

AMDAHL 470V/7 computer at the University of Alberta. The present version of DPCI‘, 
modified to run on a personal computer, was programmed in FORTRAN 77, compiled with the 
Microsoft- FORTRAN Optimi_z_ing _Compiler (version 5.00), and tested on both 486 and 
Pentium- PCs. ‘A complete listing of the programming code presented in Appendix 3. 

Basically, -the computer program consists of "nine parts; the main program, seven subroutines: 
FEGRID, HEADS, SOLVE. Y, TRANS, RANDO, -ESCAPE, and one INCLUDE file. 
These segments are d_iscu,ss_ed 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 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 discussediin the following sections.

10



3.1.2 Subroutine FEGRID 

A linear finite element model used to calculate the steady state head 
distribution at the nodal points in the cross section. The finite clement grid superimposed over the 
cross section is regular (i.e., 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 is the number of 
rows and colu_mn_s'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.

I 

The subroutine first fills two vectors with the coordinates of the nodes. Nodes are 
numbered consecutively from 1, starting at the lower left corner‘ of the region and moving‘ 
"upwards to the position ofthe 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 corner (two elements to a cell) and so on for each column of cells. The 
element incidences are numbered in a counter-clockwise direction. Finally, the hydraulic 

conductivity values 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 thefinite element method which is used to calculate the head values 
has been discussed previously. The subroutine requires the input of the finite-element grid and the 
hydraulic conductivity of the elements (both frorn 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 either the line printer, or a disk file (for plotting), or both. 

Head values are calculated by sequentially progressing through the finite elements in the 
For each element, an element conductivity matrix is formed from the element shape 

functions. The individual element conductivity values are then assembled into a global 

conductivity accounting for all elements in grid. The flux ‘vector, which describes the 
flow acros's element boundaries is then assembled»; ' Once these steps are complete, the global 
conductivity matrix, which is a and handed matrix, is decomposed using the Cholesky 
square root method, by subroutine SOLVE, to facilitate the solution of unknown head values as a

ll



. 

a 
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 

Subroutine SOLVE uses a form ofthe 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 
efliciently solved. The global conductivity matrix, assembled in subroutine HEADS, is 

transformed- into the upper 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 bar1_dedr__r1atrices, In the case of ‘the global 

conductivity matrix, the width of this diagonal is equal to the bandwidth parameter calculated in 

the main program. Subroutine SOLVE also decomposes the upper triangular rnatrix and employs 
back substitution to solve for theunknowns in ,a system of linear equations. The terms of the 
system of equations in form are the decomposed global conductivity matrix (the upper 

4_ 
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. ’

' 

_3.1.s 'S1'ibro.utineVELCTY 

The movement of the contaminants controlled primarily by thevelocity of groundwater 
flow. A velocity field is generatedin this subroutine from the head values calculated in subroutine 
HEADS, hydraulic conductivity and porosityvalues 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 fi'om the 

surrounding nodal head values. Thus, velocityvalues are calculated for two points in each cell 
These ‘points 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 thecell in the z-direction. 

b 

Two arrays are used to store «

12



V 

the velocity values.» Starting at the second row and the secondtcolumn, velocity values are 

V 

calculated and inserted into _the arrays. Velocity values of cells above the water table are assigned 
a value of zero. Velocity ‘values are assigned to the fi_rst and last columnsand first row to control 
the movement of particles. To prevent the particles. from leaving the region across a no~flow ~ 

‘ 
boundary, these values are equal to -v,_,,' v, in the first and last columns and v,, -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 groundvvater flow system. 
Along a discharge or recharge boundary, the velocity v'alues.are assumed to be equal to those" in 
the adjacent cells, thereby allowing particles to leave the region.

' 

3.1.d Subroutine TRANS 

Subroutine TRANS, the mass transport portion of the model. The "subroutine is 

designed to move the contaminant pa1‘ticles_ through the groundwater system according to the 
‘deterministic-probabilistic modeling techniques discussed in the previous section. It is 

recommended that a large number ofparticles be used during a simulation (thousattds), in order to 
i 

provide a distribution of mass which is "statistically accurate.
' 

Initially, particles are randomly placed alonga horizontal line across the of the cell 
representing the contaminant source (i._e. theposition 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 step. 
First, the components of the velocity for each particle" are interpolatedfrom 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 dispersivity, velocity, diffusion 

coefficient, time-step size and uniformly distributed iran_d.o_m numbers. - 

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

, 

boundary conditions “(such as a no-tlow boundary, movement beyond some confining layer or 
discharge to the surface). Dependingupon the conditions involved, the particle may‘ be relocated. 

It is -sometimes necessary 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 
conductivity within the region. Because these two units would have ‘a relatively. marked 
variability in velocity, an appropriate time-step size for the entire region might be too» to

13



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 stepwhen 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 and cells where the particles are effectively removed fiom further transport 

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. 

_ 

“ Oncethe mass of each particle has been adjusted to accountfor decay or cationexchange, - 

concentration values are calculated for each cell. Concentration is -determined by summing the 
V 

total. mass of contaminant in the cell and dividing [by the volume of water in the cell; DPCI‘ 

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

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

3.1.7 Subroutine RANDO 

The movement of‘ the reference particles is controlled by detenninistic (advective 

transport) and probabilistic (dispersive transport) components of particle motion. One 
requirement for the calculation of the probabilistic motion is the generation of 

V 

unifonnly 

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 bythe 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.
\ 

'3.1..s Subroutine ESCAPE t 

This subroutine calculates the 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 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. Thetime 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 
time. Avalue of 1035- is assigned to the cells above the water table. The antilog of the 
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 upwards or downwards to give a rounded.va1u_e. 

-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 tobe 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 discussed in section. The user has the option 
of undertaking thepsimulations using length unit_s 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 beinput in milligrams. 
_ 

A user's 
I 

containing a list of input pararneters and variables, units for all appropriate input pararneters, and 
. the input file setup, is presented in Appendix 2. Appendix 4 contains two example input files. 

Sixteen program control pararneters (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 “'I"’ (a value of “F” ‘indicates that the option or 
output is not required). The user has the optionof running various routines, such as": . 

»15



'IC(l) :run the mass transport routine 
IC(7) : calculate the velocity field 

I_C(9) : calculate‘ the escape time values for a particle to leave a cell 

IC(l6) : use length units in metres (‘"1"’) 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) 2 hydraulic conductivityof the element 

IC(5) ; total head values 
IC(8) : the velocity field 
IC(10) : the time step guide» 

I 

IC.(12) : particle and concentration distributions 
IC(15) : distribution of non-movingreference particles 

Also, the following information may be output to a disk file: 
IC(6) : head distribution ‘ 

IC(l1) ': time step guide
_ 

IC(l3) : 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 thenumber of 
rows (NROW) and columns (NCOL) of nodes and the vertical (DELZ_) and horizontal (DELX) 
spacing between nodes.

i 

The cross section may contain up to 9 different hydrostratigraphic units (NGEOL), with 
difierent values of horizontal and vertical hydraulic conductivity’ (KHORZ, KVERT), porosity 
(FOR), longitudinal dispersivity (DI_SP), cation exchange capacity (CBC), 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 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 
_hydrost_ratigraphic 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 Appendix 4, ._ 

a simple graphical representation of the cross section for the particular variable is formed. 

style of data input" facilitates convenient entry of data for complex settings, rapid alterations, and 

easy checking of input_data. 

Several hydrogeologic parameters are required 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 the water table (IDWTR__) and the base of the cross section l(IDBBR)v. 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 (ll) location the The 
constant" head values (CI-IVAL) 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 asmaller piece of a much larger cross section in more . 

' 

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 I 

each of these cells, defined by the cell's" column (LCOL) and row (LROW) location, are entered 
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 
entire a value for the coefficient of bulk diffusion for the contaminant Typical values can 

be obtained from Domenico and Schwartz (1990), Other input parameters required to simulate 

the reactions affecting the contaminant during a simulationinclude the selectivity coefficiem for 

cationexchange (SELC), the half-life of the contaminant and the total concentration 

of the contaminant in solution (SOLIJ'I'E)., If the contaminant does not undergo decay
A 

(radioactive decay, -degradation, etc—.), enter a value less than 0.— For some simulations, as 
‘ 

indicated previously, it may be necessaryito limit particle motion within parts of the region." A 
binary code array (PTCD is used to indicate in which cells particles can be transported (PTCI = 
“T”) and in which cells they cannot (PTCI 2 “F”.). Once a particle entersone of the latter cells, it 
is, assumed to be lost from the system. However, the location ‘of the particleis known because 
the total number of particles in each of these types of cells is output. -



Parameters that contr'ol the length and execution of the simulation require values from the 
user. The length of the sirnulation 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 (N SKIP). 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; 
i ' 

" 

3.2.2 Output 

The model will produce an echo of the basic input data and a variety of optional 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 hydros'tratigra_phic 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 
pararneters-. 

The optional output ‘includesthose 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 (N SKIP).
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4. STMULATION EXAMPLES_ 

In this section, two examples of simulations of contaminant migration from A buried 
source are presented. In "order to maintain consistency withthe original User's Manual (Schwartz 
andVCrow'e, 1980), the same examples are presented here. However, because of changes to the 
code (e.g., a difierent random number generator) and recompilation and execution on a PC, -the 
results are slightly difierent. «These examples were selected from the trial simulations that 

have been used to test the model The results of other simulations are presented in CGS (1980). 
The purpose of these examples is to illustrate the preparation of a model for a cross 

section, the setup of input data and simulation results for a transport problem. 

’ 

. 
4.1 Examplel 

The geological framework depicted here is typical of a layered sequence of sedimentary 
rock in which a waste repository may be located ‘(I-ligure’ 4.1). The sequence consists of five 
hydrostatigraphic units with the lower two intersected by a vertical fault zone. The entire 
sequence 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 
conductivity, porosity, longitudinal dispejrsivity, 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. . 

Hydrostrat I_Ch‘ 
' Kv‘ porosity 

H 

longitudintilz c.e.c.'3 
‘ 

bulk 
40 

Unit 
' 

V dispersivi - density 

.1 5,0 not‘ 1.4 x109. 
4 

3.0 x10" 5.0 x10° 1.0 x10“ 1.o.x10° 
2 1.0x10" 1.0 x10’ 3.0 x10" 5.0 xlO° _1.0.-x10*' 1.0 x10” 
-3 1.0 x10'5, 1.o,x10‘ 3.0 x10" 5.0 x.10° 1.0 x10" 1.0 x10° 
4 4.0 x1o*' 7.0 x10“ 3.0 x10" 5.0 x10‘? 1.0 x10‘ 1.0x10° 
5 5.0 x10'° 5.0 x10‘7 3.0 xlO'2 5.0 x10° 1.0 x10‘? 1.0 x10” 
6 4.0 x10° 7.0 x10“ 3.0 x10" 

0 
5.0 x10° 1.0 x10'_' 

_ 

1.0 x10° 

UNITS: 1 : ft/day . 2 : ft '3 mg/kg 4 zg/cm3_ 
N ' 

For convenience, the rectangular grid that is imposed over the cross section also 

inclined. In order to optimize the number of rows and columns, the cross section is discretized, to
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1 

form a regular rectangular ‘grid of 45 columns 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 row of nodes (row 17) was necessary to define the shape of the upper boundary. Constant 

head values (representing a water table) were assigned to the nodes of columns 1 to 23 and 
column 45. The head is‘ calculated at the ot,her'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‘tant_head values along the water table, example 1.
A 

row» column head (ft) _ 
row column (ft) row 

4 

column “head (ft) 

17 1 -6100. 17 2-. 6075. 117 3 6050. 
17 4 6025. 17 5 5925. 17 6‘ 5750, 
17 7 5600. 17 8 5525. 

1 

17 9 5500. 
17 10 - 5475. 

_ 

17 11 5415. 
_ 

17 12 
_ 

5355." 

17 13 5295. . 17 14‘ 5235. 
5 

- '17 ~ 15 5175. 
17 16 5115. 17 17' 5055. 17 

A 

18 4995. 
17 

' 

19 5935. 17 20 . 4875. 17 21 4815. 
17 22 

' 

4715, 17 23 -"4615. 17 
‘ 

45 -2500. 

The contarriinant chosen for this example does not undergo degradation or decay, hence 
value of -l 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 quantity of mass added to each of the 

moving particles is 500,000 mg. Parameters defining" the properties or the eomaxninarit and 

characteristics of the contaminant interactions with the porous medium are listed in Table 4.3. 

Table 4.3. Contaminant parameters, example 1. 

.radioa_ctive half-life: °.° days
_ 

total concentration in solution: ‘0.1 m g/L . 

selectivity coefficient for exchange: 0.0 . 

bulk diffusion coefficient: 2.8x10" rs 

initialmass added: 500,000.0 mg 

The contaminant is added to the system as a set of particles located randomly along the 
1

7 

mid-line of the waste repository cell For the case presented here, the movement of particles is 
simulated through 25 steps, each with a size of 1.825 x 107 days. One hundred particles are

21



UNITS: 
T 

1:ft/day 2:ft azmg/kg” 
V 

4V:g/cm3 

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 particle movement is in low hydraulic conductivity units, a 

large time step is 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). ’ 

'41- 
_ 
Example2 

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 (plutori) underlying a layered sequence of 

siltstone and shale. The granite has a distributed fracture system which. is assumed to be 

sufiiciently dense to be considered 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 
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 Kit‘ 
' Kv‘ porosity longitudinal c.e.c.’ bulk 

Unit 
p 

dispersivityz density‘ 

1 0.0 0.0 0.0 0.0 0.0 0.0 

2 1.0 x10" 3 1.0 x10’2 3.0 x10" , 
5.0 x10° « 1.0 x10‘? 1.0 x10° 

3 5.0 x10'2 5.0 x10" 3.0 x10" 5.0 x10° 1.0 x10" 
, 

1.0 x10° 

4 10x10" 1.0 x10" 3.0 x10“ 5.0 x10° 1.0 x10“ 1.0 x10“ 

5 1.3 x10“ 1.3 x10“ 1.0 x10‘ 5.0.x10° ' 

1.0 x10" 1.0 x10° 
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Figure 4.2 Chhross-sections showing the -distributionfof hydraulic head concentration, Example 1,.
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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 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-, e_xa‘mple 2. \ 

row column head (ft) . row column head (ft) row column head (ft) 
-11 1 ”38"0()’.'j 

" 

A 

‘ 

:11 
" ” ” 

:2» 3810. 1.1 3 3820. 
1 1 4 3830. 1 1 5‘ 3840. 12 6 3850. 
1.2 7 3862. 12 

7 

. 8 3874. 12 9 3887. 
12 

_ 
10 3900. ' 12 11 ‘ 3915. ' 12 12 3930. 

12 13 1- 3945. 12 I4 . .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. 129 4040. 

I 

14 30 4055. 
14 

1 

' 31 4070. 14 32 4095. 14 - 33 4110. 
14 34 4125. 14 35 4140. 15 36 

4 
4070. 

- 16 37 4240. 
V 

16 38 4295. A 

4 

17 
I 

39 
1 

4350. 
17 -40 43 60. 17 41 4390. 17 « 42 . 4403. 
17 43 4410. 17 .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 undergodecay 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 pa_rar_'neters defining the properties of the contaminantand the character of the 
chemical interactions are listed in_ Table 4. 6. t 

In this case, simulation moves through 25 time steps with 100 reference particles 
added to the depository at the beginning of each time step. The 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.

' 

r25



Table 4.6. Contaminant parameters, example 2. 

radioactive half-life: » on days . 

total concentration in solution: . 0.1 mg/L 
selectivity coefficient for exchange: 

‘ 0.0 
bulktdiffusion coefficient 2.sx1o“ 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 issillustrated on Figure 4.4. The printed output is not provided for 
example. Further discussion of the results of this example can be found in CGS (1980), 
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Figure 4.4 Cross-sections showing the distribution of hydraulic head and contaminant concentration, Example 2.
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DEFINITIONS 

A number of terms are used extensively throughout this manual and the computer pfrogram. To 
clarify their meaning, a brief definition of each of these terms is presented below:

A 

parameter: a value that remains constant during the .simulation (defined or read only once, at the
' 

beginning of the simulation).
" 

variable: a value that changes during the course of the simulation (these values are typically read 

or determined within the program at each time-step). 
‘ 

e 

'

‘ 

row : a string of nodes, elements, cells, etc., on the same-Vhorizontal level (see‘Figure Ae 1),. 

column : a string of nodes, cells, elements, etc., on the same vertical level_ (see Figure A-1). 

x ,- direction: analogous to horizontal direction. 

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 lines in the cross section, definedby a row or column 
number, x or z coordinate (see Figure A-1). 

I

‘ 

. 

i 
A

. 

element; a- triangular portion of a cell, used, by the finiteelement method to calculate the head 
‘ 

» distribution (see Figure A-1), 

unit: a group of cells that have a common geological or hydrogeologicjal property, similar to‘an 
actual stratigraphic unit (see Figure A-'1). 

' 
' 

' '
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Dimensioning of the Array s , 
,

. 

The include file ‘dpct.z'_nc’ contains ‘array variables that must be properly dimensioned in order for the code" 
to run. This include file contains several PARAMETER statements whichcan be modified to handle 
problems of different Any changes in the size of the domain can be made directly in the ‘dpctinc’ 

' file, and modifications to the program itself are unnecessary. The statements shown below 
are the only statements that 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. statements that 
equations (i.e., maxnxe, maxnze, maxnn, 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 followingrinformation provides a basis for dimensioning the arrays, in the ‘dpctinc’ file: - 

I-’AR,AMETER(maxnxA = 45,maxnz = 10) 
PARAME—TER(maxnxe:= maxnx-1, maxnze =: (maxnz - l)*2)

g 

PARANIETER(maxn_fin = * maxnz, maxne= maxnxe *’maxnze) 
PARAMETER(mxzone-=10) ~ z 

.PARAMETER(mxchd = 20) 
PA_RAMETER(maxbnd =12) 
PARAME'IER(maxtim =.2_s) 
PARAMETER(maxpatt = 25) 
PARAlVIETER(maxnrc =1) 
where: maxnx = maximum number of columns of nodes 

maxnz.=maximum.nmnber ofrows of nodes 
maxnxe = number of columns of elements 

é maximum number of ‘rows of elements 
maxnn =maximurn total number ofinodes 
maxne = maximum total number of elements 
rnxzone = maximum number of zones 
mxchd = maximum number of constant head nodes 
maxtim = number of time steps 
maxbnd = maximum bandwidth 
maxpart = maximum number of particles ' 

maxnrc ; maximum number of cells that initially receive particles 
' Arrays

_ 

following is a list of arrays that require the above constants as defined by the PARAMETER 
statements. These arrays are in the fdpct.i'ric' 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), HEA,D(ma’xnn), F(Amaxn_n) 
REAL K;X(max,n,e), KZ(max_ne),CHEAD(mxchd), VX(maxnxe, maxnze), VZ(ma'xhxe, maxnze), X(maxnn), 

' 

Z(maxnn), DlSP(mxzone). POR(mxzon'e), CEC(mxzone), KHORZ(mxzone), KVERT(mxz'one), 
BULK, (m'xzone),PH|(maxnx, maxnz),vXPOS(m_axpart). ZPOS(maxpart), MASS(maxpart), . 

CONC(maxnxe, maxnze), CONCR(maxnxe, maxnze), CONCP(max_nxe, maxnze), EXT (maxnxe, 
maxnze), CHVAL(maxnx, maxnz) ' 

INTEGER‘? |_DBBR(maxnx), IDWTR(max_nx), LC(ma_x_nx), MAPGEO(maxnxe, maxnze), 
NPCELL(ma‘xnxe, maxnze), NPGONE(m'axnxe.» maxnze). L,ROW(max__nrc). LCOL(maxnrc),~ 
|N(maxne,3),_ NPER(maxnrc, maxtim) ' 

LOGlCAL'~1 TYPE(max_nn),PTC(maxnxe, maxnze),l.C(16) 

3'7



In ut_Variiables 

Problem Identifier 
TITLE -: Any title up to 80 characters 

Program Control Parameters’ 
This list of control parameters logical variables (T /F). ‘ 

IC(1) : Run the mass transport routine 
4 
10(2) :Primthe nodal coordinates 
|C(3) : Print the finite element incidences 
|C(_4) : Print the elemental hydraulic conductivities 
IC(5) : Print the total head values 
lC(6) : Output the total headsto a plotting file

’ 

|C(7) : Calculate the velocity field 
|C(8) : Print the velocity field 
|C(9) : Run the particle. escape time routine 
|C(10) : Print the particle escape time field 
|C(1 1 : Output the time-step guide field for plotting 
|C(12) : Print the particle’ and concentration distributions 
|C(13) : Output the reference particle distribution for plotting 
[C(14) :0utput the concentration distribution for plotting 
IC(15) Print the’ distribution of ‘non-moving reference particles 
lC(16) : Length units in metres (T) or feet (F) 

Cross-Section Parameters 
NROW : Number of columns of nodes 
NCOl._. : Number of rows ofnodes 
NGEOL : Nrnnber of geological units . 

' DELX : Horizontal node spacing (in or ft) 
DELZ : Vertical node spacing (in or ft)

V 

IDWTR ': Rownurnber (of each column of nodes) that defines the position of the water table 
IDBR : Row number (of each column of nodes) that defines the bottom of the flow system 
MArPG_:E_O : Codeidentifying cells in each unit - 

’ -

. 

Hydraulic Parameters 
. NCHEAD c: Number of constant head nodes 

ANGLE ; Angle of inclination of K11 and Kv from a horizontalplane (degrees) 
Ill : 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 ft/d) 

_ 

KVE RT : Vertical hydraulic conductivity (in/d or ft/d) 
POR 

A 

: Porosity

I 

'

'

.
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Contaminant Parameters — 

NRCELL 
SOLUTE 
SELC 

: Number of ceils pwhichiinitially receive contaminan 
:Total concentration of the in solution (m‘g7L) 
: Selectivity coefficientfor exchange 

BULK :Bu1k density ofthe geologic medium (g/cm’) , , 

HAF LIF —: Half-life of the cofltaniinant; negative value ifno decay t(da'ys) 
- MASS] : Initial mass ofthe particles (mg) - 

LCOL : Column identifier for cells. which receive the 
LROW : Row identifier for c’el1s’w1_1ic1_1.ini_tia11y receivethe 
NPER — 

: Number of contaminant particles addedduring each time step 
DISP : dispetsivity (tin or ft)

’ 

DIFF »: Coefficient ofbulk difmsion (ml/<1 or rt’/<1) 
- CEC’ : Cation exchange capacity (mg/kg) 
PTCI : Particle tran'spot't code idenfifier for the geological 

/'_l‘i,me-,Step Parameters
, 

NTIME : Total number of time steps — 

NS KJP : .Nu_1nber oftime steps thatpass befote results are printed 
: Size of the time step (days) -V DELT

V



In ut'File In_stlfn_ctions 

va_1iab1es andflparameters that into the program must conform to the order, format and 
5 columns of the following lines (e_xa_mp1e input files are=presented.in Appendix 4)‘:- 

QEE
1

2
3 

61 

10 

11‘ 

Notes: 
4 

(1) Repeatli_ne 6 for each receiving cell (NRCELL) 
(2) Repeat NPER for each time step (NTIME) 
(3) Repeat entries for‘ each 'coIf1‘sta_njt.head node 

» VARIABLE, 
HTLE 
IC 

NROW 
NQOL 
NBQELL 
NUME 
Nsmp 
NCHEAD 
NGEOL 
DELX 
D31 
DELT 
ANGLE. 
SOLUTE 
SELC 
HAFUF 
MASSI 
DWF 
LGOL 
LROW 
NPER’ 

IDWTR 
IDBBR -

u 
JJ 
CHVAL 
IDGEO 
KHORZ 
KVERT 
POR 
use 
cee 
*PTCl 
BULK 
MAPGEO 

20M 
1 6L2. 

=GGE'n'¢.'fifi«5E 

I3 
F50
5 
Ems ans 
mos 
Ems 
E1055 
E105 
8m1 

COLUMNS 
1-so

' 

1*-2,3.-4,5-6, 
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, 
1-14-57-aum 
1-3,4-57-sfluu 
1- 3,13 -15, 251- 27,37 -39, 49- 51,61 - 

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 
35-45 
45-55 
56-60 
61-71 
1..-2-.-3. 

(NCHEAD). Starta new line after‘ each 6 entries_. 
(4) Continue on following line if the nntnber of columns is_ greatef than 80. Enter a different line for 

each row. Stan with the uppermost row. one value for each cell in the domain. 

40
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PROGRAM: DPCT . FOR 

A DETERMINISTIC-PROBABILISTIC NDDEL E93 CQNIAMLNANI TRANsRoRT 
IN_A Two-DIMEN§IoNAL CROSS-SECTION UTILIZING LINEAR TRIANGULAR 
.FINITE ELEMENTS 

ORIGINAL UPC-T CODE PROGRAMMED: APRIL. 198C 
P.C version 1.2 : NOVEMBER 1997

I 
i 
I 
V 
I 
i
I 

I-1

I 

kiifiiikt‘?‘ki'**'RI"h*I’ii’iiitiiitiikiifiitiftittflfififkiitiiviitlfiiiiffififftiftffilfli

C 
C . 

C ANGLE: 
c EULR 
C CEC 
c CHEAD : 

c CHVAL : 

C DELT 
C, OELAX 
c DEL; .: 
C DISP 
c DIFF- : 

C EXT
C 
_C HAFLIF: 
C "HEAD : 

C. I.3,A.N.D5: 
C IC(1) : 

C IC(2) : 

C IC(*3) 
C IC(4) : 

C l_C(_$‘) 
c Icgs) 
C IC(7) 
C. 1§(3) 
C lC(9) 
C IC(1Q): 
9 I.C.,(1.1)= 
C IC(]2): 
C IC(l3): 
C IC(1_4_): 
c-. IC(15): 
C I.C.(1.§): 
C I_DBl_3AR 

C IDIITRI: 
.5 U.‘ 

c IDGEO : 

C KHORZ : 

C 
C 
C
C 
C 
C 
C 
C 
C 
C 
C
F 
C
C 
c. 

C 
C 
C
C 
C:

C
C
C 
C
C 
C: 

C 
C 
C
C 
C 
C 
C. 

C 
C
C
C 

NRCELL: 
NTIME. : 

NSK_I_P : 

NVCELL: 
NUELM 
POR ’ 

PTC 

FTC! 
SELC 
SQLUTE: 
TITLE : 

TYPE 
UNITS : 

UNITE : 

UNITM : 

V1 
V1 
X
2 

PROGRAM vARIADLEs AND PARAMETERS V 

ANELE OF IINCLINATIQN OF Kt} AND KI? FROM A HORIZONTAL PLANE (degrees) 
: BULK DENSITY OF THE UEDLOGIC MEDIUM (mg/ft3 DR mg/m3) 
: cATIoN EXCHANGE CAPACITY ASSIGNED To EAcH GEOLOGICAL UNIT (fig/D9) 
NEDTDR CONTAININfi_ALL cqNsTANT MEAD NALUES 
coNsTANT HEAD VALUE AT A GIVEN RDN AND coLuMN THAT Is READ IN 

: sIzE or THE TIME-STEP (days). 
: JIORIZONIAL NQDE SP.A.C:IN§ (met,¢‘’‘5 0? feet) 
VERTICAL NODE SPACING (meters or feet) ‘ 

: LDNDITUDINAL DIsRERsIvITv OEAA HxDRosTRATIsRAFHIc UNIT (met§rs'o} fag 
COEEFI_C_IE_NT OF BULK‘ _DI‘FFU_SION.(l'l1Z/d or ft2Id) 

: NINIMUM TIME REQUIRED FDR A PARTICLE To LEAVE A CELL UNDER THE 
I.NFL,UE.N.CE 0.F G.R0UN.D.¥AT.E8 FLO)! ONLY 
HALF-LIFE OF THE CONTAMINANT: -VE VALUE IF No DEcAv (days) 
HYDRAULIC HEAD VALUES - 

EST1HATE°..3.AN.D¥I.DT". , 

cDDE To RUN THE MAss TRANSPORT PROBLEM 
CODE T0 PRINT 8.00.5 C9-ORDIMIES 

: copE To PRINT ELEMENT INCIDENCES 
CODE ‘TO PRINT ELEMENT PERHEABILITY 

: con: To ERIN! TOTAL HEAD VALUES . 

: CODE TO OUTPUT HEAD VALUES FOR PLOTTING 
: CODE TO CALCULATE T_H_E V_E_LOCI]’!_ FIELD 
: CODE T0 PRINT THE yELocITv FIELD 
: CODE TO RUN THE TIME-STEP GUIDE 

CODE 10 PRINT. T.H.E .TI*1_E-STEP. Gl,!.!.D.E: FIE!-D 
CODE T9 DUTPUT THE TIME-STEP GUIDE FIELD FDR PLOTTING 
coDE To PRINT PARTICLE AND cDNcENTRATIoN QISTRIBUTIONS A _

’ 

CODE 10. 0U.I.EU.T THE. R§.FEB.E.U§EI,PA.RII§L£ DI$T.RLB.UTI0N FOR PLOTTING 
DUDE To OUTPUT THE c9NcENTRATIDN DISTRIBUTION FOR PLOTTING 
coDE To PRINT THE DISTRIBUTION DF NON-MOVING REFERENCE_PARTICLES‘ 
CODE To use DIsTANcE UNITs DF METERs (‘T’) DR FEET (‘F’) 

: RDN NUMDERS (1/;oL> THAT DEFINEE THE POSITION DF THE DDMAIN DASD 
ROI NUMBERS (1./COL) THAT__ DEFINES THE POSITION OF THE HATER TABLE 

: FINITE ELEMENT INcIDENcEs 
NYDROSTRATICRAPHIC UNIT IDENTIFIER 
HDRIIDNTAL HTDRAULID CQNOUCTIUITY A§§IeNED To A GEOLOG[C_UNIT (m/d or 

; NERTIQAL HvDRAULIc CONDUCTIVITY AssIsNED To A GEOLOGIC UNIT (m/d or r 
: HORIZONTAL HYDRAULIC CONDUCTIVITY OF AN ELEMENT 
: vERTIcAL HIDRAULIC CQNQUCTIVITX DF AN ELEMENT 
: COLUMN IDENTIFIER FDR CELLS NHIcH INITIALLY REcEIvE THE CDNTAMINANT 
: Row IDENTIFIER FDR CELLS HHICH INITIALLT RECEIVE THE CONTAHINANT 
: coDE IDENTIFYING cELLs IN EACH HxDRDsTRATIDRARHIc UNIT 

_ 
: INITIAL MASS_0F THE PARTICLES (mg) 
: NUMBER or coNsTANT HEAD NDDEs 
: NUMBER OF COLUMNS OF NODES ' 

: ESTIMATED NUMBER or ELEMENTS IN THE FINITE ELEMENT GRID 
: AcTuAL NUMDER Of ELEMENT; IN THE FINITE ELEMENT aRID— 

_ 
: NUMRER DF GEOLOGICAL UNITS 
: NUMBER OF CELLS IN_Tfl£ NDRIIDNTAL DIRECTION 

..= AQTHAl.NDMPE8.QF‘NQDF§ 1" THE FINITE ELEMENT GRID 
: EsTIMATED NUMBER oF NoDEs IN THE FINITE ELEMENT GRID 
: NUMEER or CDNTAMINANT PARTICLES ADDED DURING EAcH TIME-sTER 
; NUMDER OF RDNS or NODES - 

NUMBER or CELLS HHIcH INITIALLY REcEIvE cDNTAMINANTs 
TOTAL NUBBER OF IIHE-STEPS , .. , . 

NUMDER OF TIME-STEPS THAT PASS BEFORE REsuLTs ARE PRINTED 
NUMBER DF CELLS IN THE VERTICAL DIRECTION 

: NUMDER QF ELEMENTS IN THE vERTIcAL DIRECTION 
: POROSITY vALuE ASSIGNED To A HYDRCSTRATIGRAPHIC UNIT 
: PARTICLE TRAHsFoRT ARRAY INICH IDENTIFIEs cELLs NNERE PARTICLES 
ABE ALLDHED TD MOVE (T - MDVEMENT: F - No MUVEMENT) 

: PARTICLE TRANSPORT CODE IDENTIFIER FOR THE HYDROSTRATIGRAPHIC UNITS 
: SELECTIVITY COEFFICIENT FOR EXCHANGE (rngss/mfiass) ' 

TOTAL CON.CEN_'l'RA_TIDN_ OF THE CO_NT_AM~I_N‘ANT. [N SOLUTION (ma/L;) 
PROBLEM IDENTIFIER (ANY TITLE HITH UP TO 80 CHARACTERS) 

: NODE TYPE IDENTIFIER (T-CONSTANT HEAD: F-VARIABLEHEAD) 
DlSTANCE.UNITS.USED.IN A.$¥HHlAII0N (ft 08 m) 
LABEL F08 DISTANCE UNITS KN FEET 
LABEL FDR DIsTANcE uNITs IN METERS 

: GROUNDHATER VELOCITY IN THE HDRIIDNTAL DIRECTIDN 
: GRDUNDNATER vELDcITT IN THE vERTIcAL DIRECTION 
: x co=DRDINATE or A‘NODE

' 

: z co-DRDINATE or A NUDE 

43'
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C 
.x.............. ..... ... ...... .....; ..,.,..,..... .... ................ .. 

REAL T[TLE(Z0) 
l9aic¢1*1 Pt:i(10) 
[NTEGER*Z II(6).JJ(6) 

1nh1udg 'dpct.inc‘ 

CHAgAcT£5*4 UNITS. DNITF. UNITM 
DATA UNITFI'(ft)'/. UNITM/'(m) '/ 
DATA CHVALlmnxnn*-1.0E+35I 

c INPUT AND ouTPuT UNIT DEVICE NUMBERS 
0PEN(5.F[LE-'[NPUT') 
DPEN(s.PILE--oUTPUT') 
0PEN(7_fILE-'CON’) 
oPENI1n.rILE-'NEADs,DuTi) 
oPENg11.rILE-'PARIIcLE.oUT') 
oPENu2.P1LE-'coNc_.Du_T-) 
oPEN(1a.rILE-'EscAPE.oUT') 

C READ AND NRITE PROBLEM TITLE 
,_ READ (5.191) TTTLE ' 

101 FORMAT (20A4) 
HRITE(6.1D2)TlTLE 

102 roRRAT(Ix.7s(°*‘i//1x.2oA4//1x.75<'*5)//)

5 READ AND NRITE OUTPUT oPTIoN coDEs 
‘ REAU(s.1a3)(Ic(I).I-1.16) 

103 FoRNAT(sDLz) 
A 

NRITE(6.1o4) . 

I04 FORMAT(/' 0UTPUT_LI$TINGS AND PRDDLEM CONTROL’) 
ERITESQ-J05)‘1C(£)-ITLEBA 

106 FORMAT(/L6,’: RUN THE MASS TRANsPoRT ROUTINE‘/L6,‘: PRINT TNE '. 

'NoDE co-oRDINATE;f/L§,'5 PRINT IRE ELEMENT INcIDENcEs'/Ls. 
': PRINT THE ELEMENT HYDRAULIC c0NDUCTIVITIES'lLS. 
': PRINT THE ToTAL HEAD VALUES’//L6.f; DUTPUT THE HEAD '. 

‘VALUES To A PLqTTING_EILE'/L6.': QALCULATE THE VELOCITY '. 

_ 
'PIELD'1L6.': PRINT THE VELOCITY FIELD’) , 

NRITE(6.1o7)(Ic(I).I-9.15) 
107 FORMAT(L6.': RUN TN: TIRE-sTEP EUIDE ROUTINE’/L6,‘: PRINT THEY. 

' TIME-sTEP GUIDE’//L6.'t oUTPuT THE TIME-STEP GUIDE To,A '. 

'PLOTTING FILE‘/L61‘: PRINT Th; PARTICLE AND EQNCENTRATIDN ', 

'DIsTRIDUTIDN'/L6.’ QHIPUI THE PARTICLE DISTRIBUTION TO A '. 

'PLOTTING FILE‘/L6;': OUTPUT TNE coNcENTRATIDN_DIsTRIDuTIoN'. 
' To A PLOTTINQ FILEjzL§,j; PRINT THE DIsTRI§uTIoN OF’. 

_ 

' NON-MOVING REFERENCE PARTICLES’) 
IF(IC(16))THEN 
NRITE<q.1Q§)IcI1§) _ 

+103 FQRMAT(L6.': USING DISTANCE UNITs or METERS‘///) 
UNITS - UNITM 

ENDIP 
IF(,NoT,Ic(I6))THEN

_ 

NRITE(5.1D9)IqI1§1 
, _ H 

109 FQRMAT(L6.': UsINe DIsTANcE UNITS or FEET’///) 
uNITs - UNITF - 

ENDIF 

U'I#(oJl\)P- 

rprrrm 

("D READ AND NRITE CRQSS-SECTION DRLD PARAMETERS 
READI5.11DINRoN.NcoL.NRcELL.NTIME.NsxIP.NcHEAD.NsEoL 

110 FORMAT(l5I5) _
. 

READ(5.111)DELX.DELz.DELT.ANGLE 
I11 rDRMAT(aFIu;o) _ . _ _ 

uRIIE(a.I1zTNRoN,N§gL.NqE9L.D LX.UN{TS;DELZIUNITSINCHEAD.ANGLE 
. 11Z,FORMAT(‘ CRO§S-SECTION SUMM /I15.L : NUMBER OF RONS'VI1§.__ 

' 
: NUMBER OF COLUMNS'[[15,f_: NUMBER OF QEQLOGIGAL UNITS’/ 

f1512.'_; HDRTZONTAL NODE SPACING '.A4/F15.2.' : VERTICAL7. 
' NODE SPACING '.A4/I15.’ : NUMBER‘DF CONSTANT fi£AD NODES'/ 
F15.2.' : ANGLE OF INCLLNATIDN OF Kh AND Kv FROM THE’. 
' HORIZONTAL (degrees)'/)

~ 
O-!'B'D-D- 

READ AND NRITE CDNTAMINANT PARAMETERS _“ 
READ(S.111)SOLuT§,SEL§.HAELIF;MA$SI,D!FF 
NRITE(q,1IaINAELIF.NsRIP.NTINE.soLuTE.sELc.DELT.NAssI.NRcELL 

113 FORMAT(///1X.'CONTAMINANT PARANETERs°//
' 

- 515.2.‘ ; NALP-LIFE (dgys)'/ 
I15.’ : NUMBER or STEPS BETHEEN LISTINGS'/ 
I15.’ : NUMBER or sTEPs IN TINE'/ __N H 
.r15.2.' : TDTAI CONQENTRAH DN [N_SOLUTIpN (mg/L)f/ 
F1$.2.' : sELEcTIvI1v cDETr1cIENT FOR EXCHANGE'/ 
r15.2.' : sIzE or THE TINE-sTEP (aaxa>'/ 
r15.2.' : INITIAL NAss ADDED RER PARTI;LE (mg)'/ 
.I1s.'_: NUMBER OF QELLS RECEIVING PARTICLES‘) 

IP(Ip(16))uRITE(e,114)DIPE 
11A PoRNAT(F1s.2.' : COEFFICIENT or BULK DIFFISION (m2[d)'/1) 

IE(.NoT.Ic(I6))NRITE<§:11§gpIrPv - 

115 FORMAT(F15.Z;' : COEFFICIENT or BULK DIFFISION (ft:/d)’/I) 

(‘I 

I'F"9'D‘I'D'«I'T 

c READ AND NRITE PARTIcLEs ADDED TO SYSTEM PER TIME+$TEP



' 

r

I

: 

I79 

156 
187 

201 
292 

211 
2.12 

234 
235 

24D 
250 

254 
E55. 
255 
257 
253 
259 

261 
25? 
263 
254 
255 
255 
257 
268 

IF(_NRCELL.GT,D)THEN 
|!RITE(6.117) 

117 FORHAT(r/' NUM_B_ER QF EAR_TIC]_.E_S_ ADDED TO TEE SYSTE_H PE]! TIEMEV7-:'. 
& ‘STEP’//BX-.'ROH COL'.8X.'PARTICLES ADDED PER STEP’)

' 

Do 120 1-1.HRcELL 
READ(5.110)L£QL(I).LROH(I)u(NP€R(I,J).d-1.NT1MEJ 

120 EQHTTHUE 
Do 115 1-1.NRcELL 

K-.15 ., 

IF(NTIME.LT.l5)K-NTIME 
lRITE(6.}1§)LRQH(I).LCOL(1).(NPER(I;J):J—1.K) 

1L8 FORMAT(6X.I5.I5.I10.14I7) 
1ETHTIME.eT.15)HR1TE(s.119)(HPER(1.J).a-16.nT1ME) 

11.9 
. 
4,FQ3MI(5.X.I20.,1417) 

115 CQNTINUE 
ENDIF 

n. 

, 
READ(5.121)(IDHTR(I).I-1.Nc0L) 

121 F9BHAI(2§!§> 
uR1TE(s.123) 

READ AND HRITE THE Row HHICH DEFINES THE POSITION or THE IATER_TADLE 

123 FDRMATT///1x.'Rox AND cD1yMH NUMBERS or THE HATER TABLE‘/) 
¥RITE(§rJ?§) 

126 roRMAT<1x.1o('co1 Ron '>) _.u 
uR1TE(s.12A)<1.1DuTR(11,1-1.HcDL1 

124 FORMATUX.I3.11.31.13.I4’.3X.’I3.I4.3X.I3.I4.3X.I3.I4.3X.I3.I4.*3X. 
& I3.X4.3X'.I3.I4.‘3X_.I3.I4.,5{X.I;3.I4) 

c READ AHD RRITE THE Row THAT DEFINES THE Pos1ToH qr THE BOTTOM BOUNDARY 
READ_(5.‘12_,1)(IDBBR(I) . I-1.NCO_L) 
HR[TE(5.122‘)T

J 

122 FDRHAT(///1)? RON AND COLUMN NUMBERS or THE EDITOR BOUNDARY‘/) 
NRlIE<5!1Z5) ._.. 
NRITE(64l24f(I.1DBBR(l).I-1.NC0L)- 

C5 

1r(HcHEAD.eT.o)THEu 
uR1TE(s.131) 

READ AND HRITE coHsTAHT HEAD VALUES AND TMEIR_ROH AND COLUMN LocAT1oNs 

131 E9RMAI(l///' coHsTAHT HEAD VALUES‘/Ié(' COL Roi HEAD'.4x)) 
KSTP-6 . 

NCH-0 
1;34 NCH*NCN+6 

TTTHCHLaT.HcHEAD1RSTR-6-(Han-HcHEAD)_ 
V

‘ 

READ(5.132)({1(K).Jfi(K).CHVAg(I1(K);JQ(K)).K-1;KSTP) I 

132 FORM_AT( 6( I3’. l3.F6 .0))- 
blRITE(6.’133) ( INK) .JJ(|()_. CHVAL_( I'I(hK) .51‘-J(K') )_,..K-‘1>.VKS]'P) 

1331 F0RMAT(1X.[5.I4,F10.3.[Q.I§.F101 
1 1a.14.r1o.3.1§.14.r1o.31'” 
1F(NcH.LT;NCHEAD)Go T0 134 
ENDIF

~ I8: I4-.,F 0.-3 . I8. I4;._'FIO.3 . 

c ESTIMATE PARAMETERS FOR‘EXEcUTION TIME DTMENSIONTNG DE ARRAYS 
uvcE11-HRou»1 
NHCELL-NCOL-1 ‘ HHDDEE-HRoH*HcoL 
H§LHEa(HR6R=11*(HcoL-1)*z 
HVELH-HRou+uRou-2 
1aAunE-uRou+z 

c READ a HRITE HVDROGEOLOGICAL PARAHETERS FOR THE HTDRbsTRAT1qRARH1c_uH1Ts 
HRlTE(6.161) 

161 EbRfiATi1H1;‘ PARAMETER: FDR THE HvDRD§TRAT1eRARH1c uR1T§'/ 
/' uu1T'.13x.'Kh'.1zx.'Kv'.7x,'RoRos1Tv'.9x.'D1sPER'. & —~r . V. 

& 12X.‘CEC’.' PTCI*'.' 
1r<1c(1s)1uR1TE<6.1sz)

1

\ 
BULK’) 

152 FoRMAT(17x.'gm/a)',§x.'Tm/d)T.21x.'<mz/a>'.12x) 
' 

DO 165 K-LNGEOL 
READ(s.1§§)1Dsgp,5uqR;<1DgEo).R1ERT(1pago1.pgR<Ibsen). 

1 D1sR(TDGED).cEc(1DaEo).vTc1<1DsEo).auLx<1DcEo) 
. uR1TE(6.1s711DeEo;xHoRz(1DsEo1.RyERT(1pq£q1.PqRg1gg§o>.- 

1 DISP(IDGEO).CEc(LDQEQ).PTCI(IDGEO):BULK(IDGEO) 
165 CQNTINUE 
166 FoRHAT(1s.5E1o.s.Ls.E1g.5) 
167 §pRMAT(15,5E15.5.Ls.E15.5) 

uR1TE(s.1s5) 
168 FORMAT(//15X.’ * T-MOVEMENT A1LouED'11ax'E=MpvEHEHT HDT ALLOWED‘) 

"c READ AND RRITE THE MAP OF THE HYDROSTRATIGRAPHLC urms 
IlRITE(6.17.1‘) 

171 FDRMATT1/zxi.‘ MAP or HTDROSTRATTGRARHIC UNITS'I) 
D0 170 J-NVCELL.1.'1 

REAn(s.17a)iMAPaEo<I,g).Is1,HHcEELL 
uR1TE(a.17s)(HAPsEo(I.0).1-1,NHcELu) 

1T0 coHT1HfiE 
175 FORHAT(1X.BOI1) 
17a roRMAT(ao11) 

c. CONSTRUCT THE PARTICLE TRANSPORT con: 
90 189 J-1-NYCELL 
D0 130 1-1.nHcELL
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l;TC( LU)-PTCI(|’1APGEO( I .J)) 
180 C0_N.TI_NUE 

sTAaT IHE__V]vAB‘I_QUS sgMu_LATLoNs 
umeg-7.*)' START THE vATuous sIMuLAT.mNs- 

cALcuLATE Nopg QQ-9l_2l,J_,I,NA'TE:5 AND As's'1sN 'NonE TYPES. 
ur1;e(7.*>* START or 'cALL FEGRXD". . 

cALL FEGRID " 

cALcuLATE THE ToTAL HEAD vALuEs AT, EAcH Non: 
v_rite(7.,")' sTAA_T or -cAL_L HE;Aos-- 
cALL HEAos 

CALCULATE T_H_E vELoc_1TY HELD AND OUTPUT vALuE‘s 
Hrft.e(7._*V)' -START or -cALL VELCTY" 
lF(1C(7))CALL vELcTv 

cALcuLATE THE TIME-STEPS AND gu_T9uT_ yALuEs 
y4Ij1,te_(,7_,.",)' START or -c_ALL ESCAPE"- 
IF(IC(9))CALL EscAT=E 

MAS§ TT_zAN§PoRT FuN_cTToN 
IF(IC(‘1))CALL TRANS 

xxx-nu. -u. > _n_...>m. gun.-uuunu - n . . .. Ann;---u< ... -nun...-.. 

sNgRquT1NE EEERLD
_

C 
‘C 

in am... mu.» x u u n . an —' x x u - x . . » . . . . x nu-A _u‘._._. 

‘§_lJ3f_lOL_|I,[‘N£- To sE'T up, THE MODES. co-o’RmNATEs. ELEMENTS AND ELEMENT
' 

[NCIDENCES THAT COMPRISE THE LINEAR THIAN_euLA_a rzN_xTE ELEMENT saw 
I )1 I )1 a 1 I

‘ 

(5 

15-15 

‘'1 

C110 

(5 

(56 

(TC 

(5 

6:?) 

('3.('b:C? 

(‘I15 

('ITf'3.f'3 

("W5 

mu. n n n . A » . . an ~ u n n — x x x a n x . .. -<xu-uuu{ . . u n u n u . n . an n~ 
S_uBR9UT._[N§ P‘ARAM’E‘T'EN"s AND vARTAs'LEs 

CHEAD ; V,ENC]fQR__§0)_lTA,XNm‘_G ALL c9_N_sTANT HEAD vALuE_s 
cHvAL _: c_oNsTANT HEAn vALuE AT A GIVEN now AND COLUMN THAT rs _R_E_AD IN 
oELx : HoRxzoNTAL NopE sPAc_[,NG‘. “LN, M_E]’ERS 
uELz_H : vEg_TTg:AL NQQE; sPAAc_1Neh. IN METERS 
ELMENT: ELEMENT NUMBER COUNTER A A 

LDBBR : 30),: NyMsER_s (,1_/CO_L_) THAT D_E‘F-_1_NEAS_ THE posmou or THE ooMATN aAsE 
;_pNTR -. no): NUMBERS (1/COL) THAT DEFINES THE posmon or THE WATER TABLE 
[GT : NonE= NUMBER C,0U,[lTE_3” 

TN H : E1,N_1;TAE.E_LEMENkT ;Nc~xoENcEs 
KHQRZ : HORIZONTAL HYDRAULIC coupucnym A$$[§N_EQ To‘ A sEp_LoE;g UN_IT 
KVERT : vERTTc_A_L HYDRAQLIC Ac,oNm_JA_VT_T_vI;Ty ASSIGNED TO A GEOLDGIC .UNIT 
xx : HpT;T_;gNTAL HvpvzAuL1c»coNoucT1vITv OF AN ELEMENT 
K2 : VERTICAL HYDRAULIC coNnug:T_mTY or AN ELEMENT 
HAPGEO: MAP OF TILE ¢iE0.L°.‘.“.CAL_. U.NI:T§ 
N_cHEAo; l_!}Jj4_B>{§I>R or coNsTANT HEAo NODE5 
NcoL : NUMBER or coLuMNs or NonEs 

_ V_ A 

NELMV : A_cTuAL NNMEEH qr EL_EM_E_NTs LN THE F;INI-TE ELEMENT sum 
NELME : EsTmATEo NUMBER or ELEHENTs IN THE F1_N_II_E .EL§!fI_EN] c_sa_Lp

_ 

NFS ; u,vPEp;H_osT my or A C9._LU‘Ijl}lV.. o‘EE_1“N1_Ne THE posmou OF THE HATER TAHLE 
N_H_c_ELL: NHMEER or cE_LL_s_. HmuzoNTAL DIRECTION

‘ 

NNODE ~: AcTuAL NUMBER or NonEs TN THE F>1N,I_'|"EV,_E_L.E|1Er{'[, §_n_1_n A 

NNODEE: §$T_I_M_A_]‘ED NL_l|{[BE|3 or NgpEs IN THE FINITE ELEMENT saw 
_N_a9N : NUMBER or ROHSTOF NODES A A 

TYPE :. NonE T‘(PE_ Ip_.ENT_IF_[_E|,(_’('[-CQtl,S1ANI HEAD: Ff-VARI«AB|.'E‘ HEAD) 
x, :T x co-pnpT_NATE on A NUDE 
z— T:T z C0-ORDINATE or A NODE

~ 

C)?! 

V. .. _ A 
..,_. .. .. , 

...... .. .. .......' .. ..;. ....... ...'.. 
T'nteger'*2 ehnent. 
in_cT(Ide 'dp<':'t..1r_\c' 

SET x AND E co-o_Tgp_1NATEs or THE NoL_T_E_s AND oEs_1_sNATE NHICH ARE 
C0N§..T..A.N.T HEAD NQDES T 

[GT-0 
K-0 
0,0 2.0 I-1-N.C9L 

JSTR-IDBBRVU) 
JSTP-1nMTR( I ) 

X,XX-fL.0AI<.I-1)*DE.LX 
00 25 Q-.JSTR.JSTP 

IGT-IGT+1 
‘X(.IGT)-XXX

A 

Z.(.I.G.T)-',F.|-9AT(.-.1&1.)*DEL1' 
TYP_E_([GT)-.FALSE. 
IF(CHVAL(,I.d)_,§iI;_-1.0E+34)TJ:lAElj 
TYPE; IGT)-.~..TRUE. 
K.-‘K+1

' 

cHEAD'(K)-cHvAL(I.a) 
.EN..D.1.F 

2.5 C0NT,l,N.UE 
20 CONTINUE 

NN_uoE-[GT R
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359 
360 
361 
362 
363 
364 

' 

365 
366 
357 
360 
359 
3.7.0 
371 
372 
373 
374 
375 
376 
377 
370 
319 
300 
301 
38: 
303 
384 
335 
ass 
1%? 
304 
359 
390 
391 
392 
393 
394 
395 
396 . 

397 
399 
399 
499 
401 
402 
403 
404 
405 
405 
407 
405 

‘ 

409 
410 

' 411 
412 
413 
414 
415 
415 
417 
419» 
419 
420 
421 
422 
433 
.424 
425 
426 
427 
42$ 
429 
43° 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 

444 
445 
445 
447 
448

C 

*i*****iiiIt!ifiiiII*iW*i******i******i**Ififi**i*ti***f****1***#*t*fi*i**f***i** 

OUTPUT NODE co-oR01NATEs AND No0E TYFES 
IF(IC(2))THEN 

' ¥RlTEK§-K?) 
27 FORHAT(1H1/l' FINITE ELEMENT GRID NODE C0-0RDINATES'//.1X. 

& 3('NODE TYPE'.lOX.‘X'.l3X.'Z'.11X)I) 
lR[T£(6.2B)(LGT.TYFE(IGf),X(IGT).Z(lGT).TGT-1;NNODE) 

20 r0nNAT(1x.14.Ls.2r14.3.ax.14.Ls.zr14.a.ax.14.L5.2r14.3) 
ENDIF 

CALCULATE ELEMENT INCIDENCES AN0 ASSIGN HYDRAULIC c0NnucT1v1T1Es 
ELMENT-0 
IGT-0 
00 35 1-1.NHcELL 

qsrn-1093n(1)-1 
31 JSTR-dSTR+1 

A .I9.T-L=T+1 
. 

~

. 

1r(qsTN,LT.10aaR<I+1))a0 T0 31 
JSTP-IDHTR(I)-1 » 

1r<10HTa;T+1).LT,10uTN(1))0sTp-xourac1+1)-1 
00430 ae0sTn,0sTP

V 

:eTc-t0NTa(1)-I0aaa(1+1)+1 
ELNENTeE1NENT+1 
XN(ELMENT,1)!IGT 
IN(ELMENT.2)-IGT+IGTC 
¥N(ELU§NT:3)‘1GTf!GTC*1 
KX(ELMENT)-KHORZ(MAPGEO(I.J)) 
KZ(ELMENT)-KVERT(MAPGEO(l.J)) 
ELHENT-ELHENT+1 
1N(ELHENT.1)-10T 
1N(£LM§NT.Z)-I§T+IGTC+1 
1N(E1NENT.3)-10T+1 
KX(ELMENT)!KHORZ[MAPGEO(I.J)) 
xz(EEHENT)-NvER7cHAP0E0(1.0)) 
[GT-[GT+1 

30 c0NT1NuE 
A _ 

IF({DNTR(1+1).LT.LDNTR(I))[GT-[GT+([DHTR(I)-IDlTR(I+l)) 
35 c0NT1NuE 

NELM-ELMENT 

OUTPUT ELENENT [NCIDENCES AN0 HYDRAULIC c0N0ucT1vIT1Es 
1rgca)nHm 
lRITE(6.41) 

41 FORMAT(1H1/' ELENENT tNg10ENgEs'///1x. _ - 

0 4<jE1ENENT INCLDEN§E§'.#X);'ELEMENT 1N010EN0Es'/> 
NR1TE<s.42>(ELNENT.(1N(ELMENT.a).0-1.3).ELHENT-1.NELM) 

42 r0RNAT(Is.':';314.19.':'.314.I9.':'.314.19.':'.314.19.':'.3T4) 
ENDIF 
iT(1t<4))THEN 

1E(Ic(1s))HR1T§(6,431 _. _ 

43 FORMAT(lH1/' ELEMENT HYDRAULIC CONDUCTIVITIES (m/d)‘/) 
[F(.NOT.IC(16))HRITE(G.44) 

44 ‘ 

r0NHATc1H1/' ELEMENT Hv0aA0L1c c0N0ucT1v1T1Es (ft/d)’/) 
HN1TE(6.45) .

1 

45 FORMAT(12X.'HYDRAUL. COND.’.Z(27X.'HYDRAUL. COND.‘)) 
NN1IE(s.4s) A _, 

4s FQRHAT(1x,3('ELEMENT (HORZ. VENT.) ';5X)/) 
NR1TE(6.47>(ELHENT.Kx(ELMENT).Kz<ELNENT).ELMENT-1.NELM) 

47 r0RMAT(1x.Is.f; '.E10.4,1x.E10.4,;17.': '.E10.4.lX. 
4 

_ 

E10.4.I17.': '.E10.4.1x.E10.4) 
ENDIF ~ 

NETunN 

susRouT1NE NEA0s_ 

rscscaratw 

C5f5f5€5r\(1f1r§<5 

§3E5f5 

trwcarsrsrwtj 

SUBROUTINE HHICH CALCULATES THE STEADY-STATE HYDRAULIC HEAD DISTRIBUTION 
IN A INQ-QIMENSIONAL CROSS-SECTION COMPRISED OF LINEAR TRIANGULAR 
FLNJTE ELEMENTS. 
THIS FINITE ELEMENT PROGRAM IS MODIFIED FROM VERGE AND FRIND (2???) 

tififth*‘k*'I'i*"i****‘Da'l‘I"§'k*Il'fi1*fiiiifii"!fliRi'f***'kit'kiifitfitfiitifiittffifiifiiiift 

suaN0uT1NE PARAMETERS ANp VARIABLES 

AN0LE_: AN§LE or 1NpL1NAT10N qr Nu AN0 Kv FROM A N0n1zoNTAL PLANE 
ANQLER: ANQLE or INCLINATIQN 1N RA01ANs 
ax : HORIZONTAL SHAPE FUNCTION 
32 : VERTICAL.SHAPE FUNCTION 
CHEAP 3 CQN§T4NT NERD YAL!§§_ , 

ELAREA: AREA or A FINITE ELEMENT 
r : FLUX VECTOR 
0 : QLQBAL 00N0pcT1v1T1 NATNTN 
GE : ELEMENT coN0ucT1v1Tv HATN1x 
HEAD : HYDRAULIC HEA0 vALuEs

_ 

10034 : ROH NUMBERS (1/COL) THAT DEFINES THE POSITION or THE DOMAIN BASE 
10HTa : n0N Nuuagns (1/c011 THAT DEFINES THE p0s1T10N 0r THE HATER T491: 
IN : ELEMENT 1Nc10ENcEs 
N : NUMBER or DEGREES or FREEDOM (NDDES NITH uNxNoNN HEA0 VALUES) 

‘F7,



449 
459 
451 
$52 
453 
454 
4.5.5 
455 
451 
455 
459 
4§P 
451 
452 
463 
454 
455 
455 
457 
4§§ 
459 
470 
471 
472 
473 
474 
475 ' 

475 
477 
479 
479 
430 
431 
452 
453 
455 
455 
455 
M37 
453 
489 
490 
'4§1 
492 
493 
494 
-495 
495 
497 
498 
499 
590 
591 
502 
503 
504 
505 
596 
507 
593 
509 
510 
511 
512 
513 
514 
515 

' 51§ 
517 
513 
519 
520 
521 
522 
523 
524 
525 
5Z5 
527 
528 
529 
539 
531 
532 
533 
534 
535 
535 
537 
539

I 

f3.fifi(1fififi€1fifi(7h 

LEANQE: ESTIMATED a4Nnu1oTN 
[BAND 1 AcTuAL aANou1oTM 
NS“ EAD: TOTAL NUMBER OF CONSTANT HEAD NOOES 
NcoL : NUMBER or ChLuMNs or Nqugs 

7 __ _ 

NELME : ESTIMATED NuMeER qr ELEMENT; [N THE FINITE ELEMENT earn 
NELM : ACTUAL NUMBER or ELEMENTS IN THE FINITE ELEMENT earn 
NNO DE : NUMBER OF NODES 
NNODEE: EsT1MATEo NUMBER or MODES IN THE FTNTTE ELEMENT GRID 
NRON ; NUMBER or Rows or NODES 
PHI : MATRIX or HEAQ NALUES FOR_0UTPUT To A PLOTTTNG FILE 
TYPE i NODE TYPE [DENTIFIER

C

C 

u--ru u . n . — u u u nu -_ _ __»-u I!!! I-1- 

REAL*8 Nx(3)1NZ(3).BX.BZ.ELAREA.GE(3.3).XI(3$.ZI(3) 
INTEGER ELMENT 
fnc1ude 'dpct.inc' 

IDENTIFY CONSTANT MEAp MODES 

> 20 

K90 
D0 20 [GT-1.NNODE . 

IF(TYPE([GT))K-K+1 
LC(IGT)-K 

CONTINUE 
V V,“ _ 

NUHEAD-NNODE-NCHEAD ' 

ouTpuT EINITE ELEMENT GRID suMMANv 

24
L 
&
& 

NR[TE(6. 24)NNodE.NELM.I5ANoE.NcMEAo.NuuEAn 
ronMAT(1N1///1x.'rTN1TE ELEMENT_s919 SUMMARY‘//9X. 

‘NUMBER OF NQDES'.l19/9X.'NUMBER or ELEMENTS'.l16/9X. 
‘ESTIMATED BANDNIDTH'.115/9X.fNUMBER OF CONSTANT-HEAD NODES'. 
I5/9X.'NUMBER OF DEGREES OF FREEDOM';I6) 

CLEAR ARRAYS 

40 

$5 
30 

no so 1-1.NuME4p 
no 40 J-l.lBANDE 

G(I.J)-0. 
CONTINUE , 

no 35 J-1.NCHEAD 
sc;1.q)-o. 

ggNT1NuE 
CONTINUE 

LOOP OVER ELEMENTS 
IBANDr0'

_ 

00 70 ELMENT-1.NELM 

ELEMENT CDNDUCTIVITY MATRIX 

50 

ANGLEK-ANGLE*3.14l593/180. 
COSA-COS(ANGLER) 
STNA-s1N(AflGLER) 
no 50 1-173 

J-1N(ELMENT.1) 
X[(I)‘COSA*X(d)+sXNAfZ(Q) 
1141)-cosA*z(J)=s1NA*x(a) 

CONTINUE 

BASIS FUNCTTONS 

55 

NX(1)'ZI(Z)'Z1(3> A 
NX(2)sZI(3)-ZI(1) 
Nxta)-21(1)-11(2) 
N1<1)-x143)-x;<21 
Nz<2)-x1(1>-xI(31 
N;<3)-x1(z>-xT(T) 
ELAREA-(XI(1)*Z[(2)-XI(2)*2I(1)) + <x1<2)*z1(3)-x1(3)*z1(2)) + 

Q1u)u1u;41u)n1m)) »

. 

31- .5*KZ(ELM£NT)/ELAREA 
ax- .5*KX(ELMENT)/ELAREA 
up 55 I-1;3 
no 55 J-1.3 

GE([.J)-BX*NX(I)*NX(D)+BZ*N1(I)*MZ(J) 
coNT1NuE 

c GLOBAL coNoucTANcE MATRIX 
00 so I-1:3 

KJ'[N(£LH§NTs1) 
lF(TYPE(KI))G0 To so 
[IT-KI-LC(K!) 
no 55 9-1,; 

KJ-IN(ELMENT.J) 
IF(TYPE(KJ))THEN 
qaT-Lc(Kq)

_ 

ec<l1t.¢aT)-ac(TTT.aaT)+sE(I.a) 
ELSE 

JJT-K1-Lc(Kq)-11T+1 
;r(qaT.LT.1)so To 55 
IF(JJT.GT.IBAND)IBAND-JJT 
TE(JgT.LE.19ANoE)TNEN 

E 
G(IIT.JJT)-G(IIT.JJT)+GE(l.J) 
LSE 

118



628 

lRITE(6.991)ELMENT.JJT 
991 poRM‘T(///' t«awww*atw«tat+wu ERRQR *wwta:wawQ:w:wr«-1 

& ' ELEMENT'.I4.' REQUIRES BANDHIDTH OF‘.I4) 
ENDIF ' 

ENDIF 
65 CONTINUE 
60 CONTINUE ' 

c ;un_or_£L§n:NI LOOP 
70 CONTINUE 

!RITE(65I51)IBAND L 

151 FORMAT(9X.'FINAL ammunm-.1sx.m 
IF(IBAND.GT.IBANDE)THEN I 

_ 
gnr1;(a.99a)1aAuoe.1aAuo tftitttttitttiftit ti't*"k'k**‘A"l"l'*it'iliI'/ 

& ' THE ESTIMATED BANDIIDTH I5 TOD SMAUL. INCREASE IT‘. 
& ' FRDH'.I4.' TO THE REQUIRED BANDNIDTH OF '.I4I) 

.STOP 
ENDIF 
IBANDEiIBAND 

C FLUX VECTOR 
no so I-1.NUHEAD 

FII)-0.0 
no as K-1,ucH;Ap 

F(I)-F(I)-GC(I.K)‘CHEAD(K) 
B5 _¢QNTlNUE

' 

so CONTINUE 
It SOLVE FDR HEAD VALUES 

'cALL SOLVEINUHEADJ 

c EXPAND HEAD vacwon 
KK-NCHEAD -

. 

00.99 l§T<NN09E.1.-1 . 

IF(TYPE(IGT))THEN -

, 

HEAD([GT)-CHEAD(KK) 
KK‘KKr1 

ELSE 
K-IGT:Lc(I6I> . 

HEAD(IGT)-HEADIK) 
ENDIF ' 

so conrxnus 

C OUTPUT STEAD!-STATE HYDRAULIC HEAD DISTRIBUTION 
IF(l;(5))THEfl , 

IF(IC(16))NRITE(6.I01) , ‘ _ 

101 FORMAT(IHI/[I1X.'STEADY-STATE HYDRAULIC HEAD DISTRIBUTION‘. 
L 7(meters above an datum)‘//)

I 

IF(.N0T.IC(16))HRITE(6.1Q2)V I _ 

102 FORMATIIHI//IIX.'STEADYsSTAT§ HYDRAULIC HEAD DISTRIBUTION’. 
L ‘(feet above an datum)’//) 

'_ HRITE(6.103) 
103 FoRMAT(1X.S(' UQDE _TOIAL-H§AD',5X)/1 

NRITE(6L104)(IGT.HEAD(IGT).IGT-1.NN0DE) 
104 FORHAT(1X.I5.F13.3.Il0.F13.3.I10.F13.3.I10.Fl3.3.I10.Fl3.3) 

ENDIF ‘ 

C PREPARE DATA FOR HEAD PLOT 
IF(.NOT.IC(6))RETURN \ ' 

IGT-0 
D9 95 !'1-N99! 
no 95 J-1.NROH 

xr(a.er.;nura(1).pn. a.Lr.roaaa(r))ru:u 
PHI(I.J)‘1.0E+35 

ELSE - 

IGI-IGI+1, 
PHI(I.J)-HEAD(IGI) 

ENDIF 
95 CQNTINUE 

no 97 J-1.NROH 
ux11£(Lo.a25>(PuL<x.a).I-1.ncgL) 

ags _ronnAr<1o:12.so 
97 courxuuz 

Rsruau 
sun 

IlfltiffiiififIffI'I;I*I't’f1"‘l“k‘A;I‘Kt2fI'!tIfititlitIt!3*****i"kfi‘kiIi*i'ii‘i'k‘k*§i'**i'1'ii"k*
I 

SUBROUTINE SOLVE(U) igggtrynawwywgwrrwnrrawntnttttttrwtrrtrtacéinzetatwtwrtttirmtwwtktritkrtitirnrt 

* suanourtnzuuuxcu n;conpos£§ THE qLqaAL connucttvxry MATRIX BY THE 
* qHoL§;xv souAk; ROOT METHOD FOR SYMMETRIC, BANDED MATRICES AND 
* soLv£s FOR_THE UNKNOMNS IN A SYSTEM or LINEAR EQUATIONS av BACK 
* SUBSTITUTION or THE osconvoszn GLOBAL CONDUCTIVITY MATRIX 
* . 

i'k*'_ki‘l'ii'i'l'**fl"I‘**‘ktl'tQI itfiitkiiIik*fi'1iIIiiIIfI"Rt'A‘fi'l'iftfiI’f*f‘kfiR*fi*f‘ktf‘k*I'fft'*itt' 
REAL*8 TEMP.SUM 
1nc1ude 'dpct;1nc' 

49 
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629 c DECOMPOTSE THETBLUBAL co_N0ucTIvTTv MATRIX 
63.0 00 

T 

- . 

T631 [P-N-[+1T
T 

632 Ln1TBANpg.LT.1R)n>-TBANUE 
63; 00 20 0-1.1? 
634 I_0-!_BATNTDE~J 
635 ITF((I-1_J.LT.[O)IO-I-1 
636 SUM-6u.a) 
637 TrT(TTI_o.6_ET.1)TNTEN 
63_84 no 25 K-1.[0 
639 m-L-K 
640 ‘ -J_Tz-.1+KTT 

641 SUM-SUM-G(IIt.|<+1)*G(IIt..JZ) 4 

642 25 coNTTNUE 
643 EN_0n=T 
644 IF(J.NE.1)THEN 
645 G(l.-T1)-SUM*TEMP 
646 60 T0 20 
647 

‘ 
' ENDIF 

640 !F(SUH.;LE.0.1THEN 
649 NRITE<6.999)T T T 

650 . 999 roknm///10x.'_0EcoMPosm0N FAILED AT RUN-.16. 
651 6 - ' 

: ExEcuT1oN TERM1NATED') 
652 STOP 
653 ELTs_ET

' 

6.54. TEMP-1.lDSORT(SUM) 
655 G,(TI.-J)-TEMP

- 

566 
‘ 

_ 

ENDIF 
657 ’ 20 CONTINUE 
656 
6T5__9 c s0LvE FOR THE nuns 
660 00 40 IT-1,N

‘ 

S61 0-T1-:BANnE+1
T 

662 IF((I+1).L.E.IBANDE)J-1 
663 sUMsE(I7 
564 K1-I-1 
665 XF(J.LE.K1)_THEN 
556 no so |_(-J.K1 

6T6_7 Ilt.-I-|<+1 
566 SU.H-'.5.l!!4- G(|_(. I It.)*HTEAD( K’) 

669 7 so CTQNTINUE 
670 , 

ENDIF 
671 HETAD(TI_)-SUM*G(1.1) 
672 40 c_T0NTTNUE 
673 no 60 T-N.1.-1 
674 0-1+TBAN_0E_-1 
675 

' m0.6T.N)~)-N 
676 SUM-HE_A0( I) 
677 K2-1+1 
6_7_a IF(K2.LE.d)THEN 
679 00 70 K-K_2.J 
,6a_0 . xx-x-1+1 - 

561 . 

' suM-sUM-6T(1.K_K)*NE_.\o<x) 
602 70 __c_oNT1NUE 
6_83 ENDIF ' 

664 HTEATDLI )-SUM*G( T . _1> 

6135 60 C_QI_lf|'I_NUE 

666 RETURN 
687 EN0 
605 ~ .. . . 

----- ----------- -- —- ------------------ "’.‘. 

669 SUBROUTINE vELcTv 
690 mu ~ .- ------------------------------ 
631 "' 

. .. . , 

692 * sUBR0TUTT;NE_TNN_rT_cTN_ c_ATLc_ULTATEs TNE- HORIZONTAL AND VERTICAL AVERAGE _ 

693 4* LINEAR 6RouN0NATER vELocmEs FOR EACH 'FINITE ELEMENT IN THE CROSS-SECTION 
694 w 
695 ~- . 5» — -------------------------- ~- -- ------- -- 
6.96 0 . . _ .. 

697 c SUBROUTINE PARAMETERS AND VARIABLES 
698 c 
699 c DELX : HORIZONTAL N00E_snc1_N6. Ill METERS 
700 c DTELZ : v_E_I3TT0ATL NOD}: SPAC;ING.- IN METERS 
701 Tc ELMETNT: ELEMTETNT NUMBER c0UNTER 
70; — c READ A: CALCULATED HEAD DTLSTRIBUTION 
703 c Tcc_ : HoR1zoNTALT ETLTE_MTENT_ coUNTER 
704 c IRRT : vETRTtcAL ELEMENT couNTER « 

_ _ 

705 c ITUTBBR : RON NuMaERs (1/COL) THAT DEfINTE_S ‘[H_E POSTITIITON or TNTE 00MA1N BASE 
706 c LUNTR : Ron NUMBERS (1_/coL_)_ TH/LT DETFINES THE vosmou or THE NATER TABLE 
707 c TN : E1_N_1TTEE_LEM_ENT _LNcT0ENcEs 
706 c ;6_T : No0E NUMBER couNTER _ T 

709 c xx : HORIZONTAL HYDRAULIC c__T0N0ucTTLvT-TvT or AN _E_L_EMENT 

710 c K2 : \!TER1_'[ClT\g_Tt1_Y_[)MTlJLI{;-CONDUCTUIITY or AN ELEMENT- 
711 c- NTAB6Eo: c00E IDENTIFYING THE GEOLOGIC UNITS 
712 c Nc0L : NUMBER or coLuMNs or N00Es ,_ _ 
713 c NELME ; ESTTMATETB NUMBER or TETLE_N_ETNTs IN THE FINITE ELEMENT GRID 
714 C N.H§E_LL; NUMBER or CELLS IN THE HORIZONIAL DlRE(;T,I_ON 

_ _ TT 

716 c NNODEE: ESTIMATED NUMBER or NoToEs IN THE FTNLTTE ELEMENT cm 
716 0 ma ; NuNBTER_ or Rays or N0oE_s ~ 

717 Tc N_y_ELM : NUMBER or ELEMENTS LN THE VERTICAL DIRECT_I0TN 
c FOR : POROSITY VALUE ASSIGNED To A GEOLOGIC UNIT 71:; 

50
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7,19 c 
c

. 

/VX 
V1 

2 §_R0_UN_DHAT_ER VELOCITY IN THE HORIZONTAL DIRECTION 
: GROUNDHATER VELOCITY IN THE VERTICAL DIRECTION 

¢---. 

incluge 'dpct.1nc' 

!.G.T"Q 
ELMENTe0 
rec-o 
Do an I-1.MHCELL 

IRR-0 
Tcc-rcc+1 
no 25 J*1,NVCELL

- 

IF(J.LT.IDBBR(I) .on. J.GE.IDHTR(I))GO TO 25 I 

ICT-IGT+I 
IF(J.LT.IDBBR(I+1) .OR. J.GE.[DHTR([+1))G0‘T0 zs 
[RR-IRR+1

I 

ELM§.NT‘EL!4§,NT ‘*1 
IGTC-IDHTR(I)-IDBBR(I+1)+1 
11-Tar 
I2-16T+IGTC 
I3-IGT+[GTC+1 

, I _H_ “bV.I 
VX(ICC.IRR)-(Ifl£AD(II)-flEAD(I2))lD£LX)*KX(ELMEN1)/ 

POR(HAPGEO(I.J)) . 

VZ(ICC.IRR)-((HEAD(l§)-HEAD(l3))lDELZ)*K1(ELH§NT)I 
& POR(MAPGEO(I;J)) 

ma-1nn+1 
ELMENT-ELMENT+1 
.1..1.-"I.G.T 

I2-IGT+IGTC+1 
I3-.I.G.T.+1_. 

. . , 

VX(ICC.IRR)-((HEAD(I3)-HEAD(I2))/DELX)*KX(ELMENT)l 
F0ER.<|1APGE0<I.-J)! 

. ,, 
VZ(ICC.IRR)‘((HEAD(I1)-HEAD([3))/DELZ)*K2(ELMENT)/ 

N & POR(MAPGEO(I.d)) 

Z5 

25 

20 

so To gs 
IRR-IRR+2' 
VX(ICC.IRR)-0.0 
VZ(ICC.IBR)-0.0 
VX([CC;IRR-1)-0.0 
VZ(lCC.IRR-1)-0.0 

courguue - 

V 
IGT-IGT+] 

CONTINUE 

c PRINT THE-VELOCITY FIELD 

101 

.10, .N 

-42 

104 

I06 

1.07. 
so 

IF(.NOT.IC(8))RETURN 
IFg[C(16))HR1TE(6~.I01) 
FORMAT(1H1/' VELOCITY FIELD (meterslday)') 
‘IF( .NOT. IC( 16) ))l_l{I_'l'_E_(45’.102) 
FDRMAT(1H1/' VELOCITY FIELD (feet/dey)') 
12-a 
[Z'I?+.9 
11ex2-a 
IF(NHCELL.LT.I2)Iz-NHCELL 
N.R,l.TE(.5-.T1.°.4.)U-1'11s..1?) 
FORMAT(II1X,6X.'COLUHNi'.I3.3Il3) 
no so J-NVELM.1;-L 

HR[TE(6.1Q6)q1(VX(I.J).I1I1;I2) 
FORMAT(/1X.'ROl'.I3.' HORZ:'.9(3X.E10.4)) 
lR[TEI§.107)(VZ(I,J).I-I1.I§) g 
f0BHAT(LX.8X.'VERT:'.9(3X.E10.4))

' 

courxuuz 
1F(I2.LT.uHc£LL)co TO 42 

RETURN 
END - 

SUBROUTINE TRANS 
xxx x - u n n — . — . - n n » . - - u u n » u-._ u u. -um ' 

-nu .. 

iii}!-IO! 

SU_BRO_UT'INE» NHICH TRANSPORTS PARTICLES THROUGH THE C_R_O_S4S_-SECTION BY MOVING 
THE PARTICLES FROM ONE CELL TO THE NEXT BY RANDOM MOTION HITHIN THE 
VELOCITY FIELD 

AT 
BQLK 
95.5. 
couc 
CONCP_: 
§.QN\C,R :. 

SUBROUTINE PVARAHVETERS AND VARIABLES 

nu...-nu’ - - . - . .-x u - - . . u . . » . — -nag...-.--._u-u-_n>._xxuw‘u-uuuuvu-«nu-aux..- 

: CONCENTRATION or THE CQNTAMTNANT IN THE SYSTEM (ONE VALUE PER CELL) 

DELTA : SIZE or THE TIME-STEP (days) 
DELX ; HORIZONTAL Moos sgAcIuc (meters or feet) 
qsgxu 5 :12 HORIZONTAL NODE SPACING . 

OELZ : VERTICAL Non: SPACING (meters or feet) 

531 ‘ 

: BQL5 pzugxrv or ;Acn eaouoexc uurr (mg/ft3 or mg/m3) 
: CATION EXCHANGE CAPACITY VALUES ASSIGNED To A csqgpsgc uuxr 
: CURRENT CONCENTRATION or THE_cogTAuTgguT IN THE SYSTEM 
vgzyzpysncouccuvanyxou gr Tug CONTAMINANT zu THE svsrzn 
CONCENTRATION as THE CONTAMINANT IN A RECEIVING CELL



NAPQEO 
MAss 

NcoL 
NHcELL 

NPER 

NRO! 

N.S.K.1 P 
Nxx 
NXY 

POR 
PTC 

RDC 

RONE 
RTHO 

TIME 

IEL. 
VELX 
VELZ 

vx 
vz 
xMAx 
XPQSP 
xpos 
YEAR 
VFL 
zMAx 
zposv 
zpqs 

; 1/2 VERTICAL NDDE sFAcTNa 
: 1/4 VERTICAL NoDE SPACING 
: COEFFICIENT oF BULK D1FFysTDH_(N2/d or rEz(q)T TE 
: LONDJTQDLNAL DISPERSIVITY VALUES FOR EAcH GEOLOGIC uNLT (meters or fe 

T’: PARTICLE DISPLAYHENT IN LoNeTTuDINAL_DLRE§TLoN DUE To DISPERSION 
: PARTICLE DIsFLATMENT IN TRAHSVERSE DIRECTION DUE To DISPERSION 
: DISTANCE A PARTICLE MovEs 
: HALF-LIFE or THE CONTAMINANI,(d§y§) V 

: Rpu NHMBERS (I/COL) THAT DEFINES THE POSITION oF THE DOMAIN BAsE 
; Row NUMBERS (1/COL) THAT DEFINES THE POSITION or THE HATER TABLE 
: TIN§:5T£P CQUNIER 
: PARTICLE COUNTER - 

: coLuMN HDMBER or THE ELEMENT NRIQH c9NTA;Ns THE PARTICLE 
PREVIOUS COLUMN NHMBER gF THE ELEMENT CONTAINING THE PARTICLE 
Rou NUMBER OF THE ELEMENT HH1cH CONTAINS THE RARTIcLE _ 

pREyTous RDM NDMBER OF THE ELEMENT CONTAINING THE PARTICLE 
RANDQM NNMEER BENERATDR sEED 
DISTRIBUTION COEFFICIENT 

: NUMBER or PARTICLES ADDED AT'A PARTICULAR TIME-STEP 7' COUNTER TO DETERMINE THE NUMBER OF TIMEESTEPS THAT PASS 
BEFORE RESULTS ARE OUTPUT 

' COLUMN IDENTIFIER FOR CELLS WHICH INITIALLY RECEIVE THE CONTAMINANT 
: Roi IDENTIFIER FOR CELLS MHICH INITIALLY REcELvE THE CONTAMINANT 
. uNTT'NuMBER ASSIGNED To THE DEv1§E TNTD HHIQH THE DISTRIBUTION 
oF PARTICLES ARE sT6RED FDR FLDTTTNB 
con: IDENTIFYING THE HYDROSTRATIGRAPHIC UNITS 

: MASS ASIGNED TO EACH PARTICLE 
MASS‘ = TNTTTAL MASS DF THE PARTICLES (mg) 

: NUMBER OF COLUMNS OF NoDEs 

NVQ€LL= 
NPART 2 

NUMBER or c...ELLs LN .T.H.E H0.B.I:Z9NT.A.L DIRECTION 
NUMBER OF CELLS IN THE VERTICAL DIRECTION 
TOTAL NuMBER or FARTTcLEs'cuRRENTLT TN §TsTEM 

: NHMBER Of CDNTAMINANT FARTLCLES ADDED DNRLNE EACH TIME-STEP 
NPGONE: 

NPCELL: 

DISTRIBUTION or THE 9ARTxcLEs'THAT HAVE LEFT THE coNFLNTNs 
BED (NUMBER aF RARTTgLEs PER C§LL)_” 
DISTRIBUTION OF PARTICLES IN THE CONFINING BED (TOTAL NUMDER 
OF PARTICLES PER CELL) 

: NUMBER OF Rows or MDDES 
NRCELL: 
NTIME 1 

NUMBER oF cELLs HHLCH INITIALLY RECEIVE coNTAMTNANTs 
ToTAL NDMBER qF_TTME-sTErs 

: NDMBER pr TIME-sTEFs THAT PASS BEFORE RESULTS ARE PRINTED 
: ToTAL NUMBER or PART1cLEs THAT HATE LEFT THE QDNFINING BED 
: TQTAL NUMBER or PARTICLES THAT HAVE LEFT THE FLoH SYSTEM 

NvE_L_M : NUMBER OF ELEMENTS IN THE VERTICAL DIRECTION 
: FoR6s1Tv vALuEs AssIsNED.Tp_A DEDLDBTE NNTT 
: PARTICLE TRANSPORT coDE (IDENTIFIES cELLs HHERE PARTICLES 

ARE ALLDMED To MovE) 
: DECAY RATE COEFFICIENT 

RNSEED: RANDOM NUMBER GENERATOR SEED 
: RANDOM NUMBER usED To cALcuLATE THE DISPERSION OF A PARTICLE 

_ 
: RANDOM NUMBER USED To cALcuLATE THE DTsPER§IoN OF A PARTICLE 

§DLuTE:
‘ 

TOTAL CONCENTRATION OF THE coNTAMINANT [N SOLUTION 
: TOTAL TIME THAT HAS PASSED. IN DAYS 

UNITS : 

UNITE 2 

UNITM : 

DISTANCE uNITs USED IN A SIMULATION (ft OR m) 
LABEL FOR DTsTANcE uNTTs IN FEET 
LABEL FOR DLsTANcE UNITS TN METERS 

:_AV§3A§§ VELOCITY or A FARTLELE 
: HoRTzoNTAL VELOCITY or A PARTICLE 
: NERTTBAL VELOCITY or A PARTICLE 

VQLNME2 voLuME or A cE[L (m3 OR Fts) 
: GRDNNDNATER vELDcTTT IN THE HpRLzDNTAL DIRECTION 
: QROUNDNATER vELocLTv'LN THE VERTICAL DIRECTION 
: ToTAL LENGTH OF THE_cRpss-sEcTxoN 

FDRMER N C0~0RDINAT£ or A PARTICLE 
: x COFORDINATE OF THE LOCATION or A PARTICLE 
: TOTAL TIME THAT HAS PASSED. IN vEARs 
: RANDOM NUMBER 
:‘ToTAL HEIGHT or THE cRoss>sEpTTqN 
FORMER Z C0~0RDINATE OF A PARTICLE 

: ; co-oRD1NATE 6% THE LocAT1oN DF A PARTICLE 
irrtxtttatwkitrrruttwrkwttwwwtrttxtwat:Atwtaxw;*tt*yg**¢ygt¢ax***tt*A*w§aiwwwwr 

REAL*5 VXI;VX2.VX3.VX4.VZ1.VZ2.VZ3.VZ4.KD.VOLUME 
REAL RAND 
INTEGER RNSEED

_ 

§MARACTER*4 UNITS; UNITF, UNITM 
DATA UNITF/’(ft)'/. UNITM/’(m) '/ 

iuc1ude 'dpéE.Tnc‘ 

zF<IcI1sx)THEN 
uNITs - UNITM 

c coNvERT m3 To LITERS 
ToLuME - DELX*DELZ*1000.0 2 

END! F . 

IF(.NOT.IC(16))THEN 
UNITS - UNITF 

G CONVERT ft3 T0 LITERS 
VOLUME - DELX*DELZ*2B.317

52



899 |_Z_NDIF 
900 VOL1 - 1.0" 

' 901 
4 

_ _ _ _ __ _ 

902 C CHECK FOR ERROR IN THE INPUT DATA 
903 IF(.NOT.IC(7))THEN 
904 

V 
HRITE(5_.9§_1) . 

905 991 ;oRM*1-(///-. -an-«umnnwnn-n-r‘: ' [Mag *~A'A'ft'tl'itfii*I'ititt'/ 

906 L - 

' THE VELOCITY, FIELD, MUST BE C_ALC_ULATE__D BEFORE THE./_ 
907 L '>MA>SS TRANSPORT ROUTINE CAN BE .RUN; RESET [C(7)-T‘/) 
905 - STOP 
909 \ ENDIF _ _ I 910 - [F§_NR_CEL_L.EQ.-0)THEN ' 

911 . NRITE(G.992) v 

912 ggz [:oRMA1'(///- ititttkttttttiikfit ‘ ERROR t-w_*wg«t*vmwnminnr'/ 
913 ' A SOUCE CELL FOR THE CONTLHINANT AND THE NUMBER'/ 

- 9.1.5

x 

‘

T 

In 

9.14 8- 
' or PA.n.n.c.L.E_s E.tl_T.E.B.ED..D.l.lRI.NG.._ E.A.<;H.TI'1.:.s1.E.P MUST’! 

915 in 
' 

B‘§VS_P,E_C[F’I’ED BEFORE THE MASS TRANSPORT ROUTlNE'I 
& ' CAN BE RUN: RESET NRCELL )0 AND ENTER PARTICLES‘/) 

917 STOP 
918 EN_[JIF 
919 DELXH-.5*DELX 
920 DE L.ZH- . 5*DE_LZ 
92; . DELZO-.25*DELZ 
922 DELZT-DELZ+DELZ'

, 

923 XMAX,-FLOAT(_l_IHCELL)*DELX 
924 RNSEED - 54781 
925 TIME-0.0 
9..2.§ K.TI.".§'0 
927 NXY-0 
928 N)(X-O‘ 

929 IT_IHEs1_ I 

930 RDC-0.0 ' 

931 I_F(_HA_FLII:'_,GT.0:.Q-)RDC-ALOG(2.D)lHAFLIF 
932 .HRITE<6.1n1) _ 

‘933 101 FORl_4AT,(1Nl.' **** BEGIN MASS TRANSPORT SIMULATION **'r.*') 

934 D0 10 I-l.‘NHCELL 
935 D0 10 J-1.NVCELL 
9.3.6 .C.0!'.§R(.I - J >".1;-,0 
937 NPGONE(I.J)-0 \ 
938 10 CONTINUE 
939

_ 

940 
I 

' C LOOP THROUGH THE SIMULATION 
941 
942 C ADD NEH PARTICLES TO GRID AND RANDOMLY PLACE THEM IN THE SOURCE CELL 
943 NPART-O ' ' 

‘
’ 

944 1 00 .?..‘.’_..|.<''1.-.P.4.|.?.C.§U.-. .. 

945 KNPER-NPER(K.TTIME) 
946 \ urite(7.100Z)ITIME.knper 
947 ‘I002 foru_1gt.( 

' 

_tivmAe‘ _s__tep: 
' .-13. ' particles added: ' .110) 

945 O0 25 J-‘LKNPER . 

'
~ 

949 - NPART-NPART+1 
b V 

950_ v_Ir1te(7.1001_)_NPART.- ITIME 
951 1001 f_ormat(' adding part,IcTe:'.i3.' at t1me»ste'p:'.i3) 
952 ’ 

,R_QN_E V-_-_ RANO(RNSEED)> I

v 

953 XPOS(NPART )-FLOAT( LCOL(K) - I )*DELX+RONE*DELX - 

954 LLRR-LROIKK) _ 

955 - ZPQ,S(,N}_>A|3T_.)-FL,OAT( L_LRR)*DELZ- .4*DELZ 
95$ HA_S§(NPART):-MASSI 
957 25 CONTINUE 

' 

953 20 CONTINU_E 
959 
960 - C CLEAR CONCENTRATION AND PARTICLE COUNTER ARRAYS 
915.1 

‘ P9 3.0. F1.-NHCELL 
962 D0 30 J-1.NVCELL 
963 ' 

- (_:_(_)Nc(I.‘J)'-9-.-0_ 

964 NPcELL(I.d)-0 
965 ~ 30 CONTINUE. 
95.5.

. 

967 TIME-TIME+DELT 
9,68 KTIME-KTIHEH 
9,59 
970 C MOVE’ PART_ICLES ONE‘ AT A TIME 
97; DO 50 IPART.-1;.NPART 
972 '.

' 

973 (2 CHECK TO S‘EE‘__I_F_ A PAR.TIC'L.E' H_A_S LEI!-‘T THE FLOH SYSTEM 
974 . IF (XPOS(I__PART).LT.0.0) 80 T0 50 
975

‘ 

976 (2 FIND vP_0SIT_IV0N_ QF THE PARTICLE 
917 I,X.E-I,FI)_{(XPOS(IPART)/DELX)+1 
978 

' 

IZE-IFIX(ZP05(_IPART)IUELZ)+1 
979 . IXEP-IXE, 
9.80. IZ.EP"1.ZE: \ 

. 981 XPOSP-XPOS( IPART) - 

982 'ZPOSP-.-ZPOS( IPART) 
983 ' 

984 C CVALCULATE THE MASS OF A PARTICLE 
985 MASSI I PART)-HASS( IPART)"(CONCR( IXE. IZE)*VOL1) 
986 
987 C INTENRPQLATIE VELOC-ITIES AT THE LOCATION OF EACH PARTICLE 
988 ITEST-U 
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IZCE-[FIX(ZPOS(IRARI1lDELZH)+1 
AArXPOS([PART)-DELX*(IXE-.5) 
IxH-1r:x(AA/Ass(AA))+1xE 

-.AA:ZPos(TQAHT)-TnEg;H*<TzcE-1)-nELzo) 
1zcH-trTx(AA/Aas(AA))+IzcE A V 

c FIND VELOCITY or ELEMENT cqHTATuTHs THE PARTICLE 
VX1‘YXKTXE-I195? 
vz1-vz<1xE.;zcE) v

E 

c FIND vELgcTTy.rH THE ELEMENT ABoyE on BELOH THE PARTICLE 
' IzHH-(xzcH+1)/2 _ ,” 

[F(IZNN.LT.IDBBR(IXE) .oa. t;nu.LT,IoaaR(1xE+1))THEH 
yxz-vx1 
V12!-V21 

_ V 

TE(cHvAL(LxE,I2E).cT.-1.Ea4 .AHn. cHvAL<TxE+T.1zE).sT.-1.Ea4), 
vzz-v11 

ELsETr(TzHH.eE.IoHTR(txE),.on, IZNN;GE.IDMTR(IXE+1))THEN 
vxz-vx;_ 

'

. 

V13"VZ1 
. 

_. 
.IF(CHVAL(IXE.IZEt1),qT.-1.E34 .AHp. CHVAL(IXE+1.IZE+]).GT. 

L, -1;oE+a4:vz2-vz1 
ELSE 

VX2'YX(IX§.IZQfl) 
vz;—vz(IxE.xzcH> 
TTEsT-1» 

c FIND VELOCITY IN THE ELEMENT.TO THE LEFT os RIGHT or THE PARTICLE 
' IF(IXN.LT.1)§9 To §3 _ 

;EgLxH.aE.HcoL>so To 64 
tr<1zE.LT-TnaaR<TxH) .AHo. TxH.qT.TxEgeo To 54 
Tr;LzE.LT.Ig§aR(TxH) .AND. IXN.LT.IXE)G0 T0 63 
TEgtzE.eE.touTR(TxH) .AND. 1xH.LT.TxE)so To 53 
[F(IZE;&E.IDHTR(IXN) .AND. IXN.GT;IXE)G0 T0 64 
VX3'VX(I%“-IZCE) 

'
‘ 

vzs-vz(IxH.IzcE)r 
c CHECK FOR aoqHoAnv 

[E(ITE§T.EQ.0)G0 To 67 
VX4-VX(IXN.IZCH) 
V14-yZ(I}N.[1CN) 
so To 66 

53 VX3--VII 
v13ay;1 
lF(CHVAL([XE.IZ§).GT,-1.0E+34 ,ANQEvV 

5 cHvHL(IxE.;zE+1).sT.-1.oE+34)vx3-vx1 
so To 57 

54 vx3--vx1 
vzs-Hz: 
IF(CHVAL(IXN.I2E).GT.-1.0E+34 ,AHp, _ 

a §H!ALflLXM.ILEt1),GT,-1;0E+34)VX3-VX1 
c FIND VELOCITY or CELL DIAGONAL To PARTICLE 

s7 vxa-vxa 
vza-vzz 

V c FIND AVERAGE HORIZONTAL VELpcTTx qr THE RARI1CL£ 
» 66‘ZLQC-(ZPOS(;RA3I)-(1Z§E*pELZH-DELZOD)/DELZH. 

XLOC-(XPOS(IPART)-(lXE*DELX-0ELXH))/DELX 
A24-X LO_(2_*( V[_X_4_ - vx_2) 
A13—xL9c*(vx3-vx1) 
VX24-VX2+AZ4 
vX13-VX1+A13 T 

VELX-VX13+ZLOC*(VX24-VX13) 
'IF([XE.GE,IXfi)THEN 

[X24-VX2rA24 
VX13-VX1-A13 
_!ELX-1X13-ZLOC*(VX24=VX13) 

ENDIF , _ l 

c FIND THE AyEKA§E HE3TIcAL vELpc1Tv or THE PARTICLE 
A1;-zyocwcvzz-vzm) 
A34-ZLOC*(VZ4-V23) 
vz12-v11+A12 
v;34-vz3+A34 . 

VELZ-VZ12+XLOC*(VZ34-V212) 
TE(TzcE.sE.IZCN)THEH 

VZJZ-VZ}-A12 
v;34-vza-A34 
VECZ-V112-XLOC*(M234-VZ12) 

ENDLF H 
c FIND NET VELOCITY or THE PARTICLE 

- 'VEL-SDRT(VELX*VELX+VELZ*VELZ) 

c HpvE PARTICLE TO A HEM POSITION Bx ADVEETIVE MOTION 
XPOS([PART) - xpqsp + oELTtTEEx 
ZPOS(IPARI) e gvosp + DELT*VELZ 

c GENERATE RANDOM NUMBERS T0 RANDOHLY Moyg THE PARTICLES av DISPERSION 
‘ RQNE-RAN°KBH§E§0) 
RTHQsRANO§RNSEED) 
ROME-0.5-RDNE 
RTNO-0.5-BIIO 

C. CALCULATE THE DISPERSITIE LENGTHS FOR A; PARTICLE
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1079 
1°89 
'1°51 
1002 
1953 
1934 
1065 
19§5 
1087‘ 
1050 
1939 
1090 
1091 
1092 
1093 
1094 
1095 
1096 
1°??- 
1093 
1099 
1100 
1101 
110? 
1103 
1104 
1195 
1106 
1107 
1105 
1109 
1110 
1111 
1112 
1113 
1114 
1115 
111E 
1117 
1115 
.1119 
1120 
1121 
11?? 
1123 
1124 
1125 
1126 
1127 
1120 
1129 
1130 
1131 
3132 
1133 
1134 
11§§ 
1136 
1137 
‘1138 
1139 
1140 
1141 
1142 
1143 
1144 
1145 
1146 
1147 
1146 
1149 
1159 
’115J 
1152 
11§3 
1154 
1155 
115$ 
1157 
1158- 
115? 
L169 
1161 
1162 
1153 
1104 
1165 
1156 
1167 
1168 

r’ 

D!S_PLO-S,0jR_T(>24 . 0"(D_IjSP(MA_F'§E0( HE. 112 E-) )*VE'L + DIFF)"'DELT) 
01501095001424.0*10.25*01s0iMA0020(1x£.1z2))*v21 + 0122100211) 

‘ MOVE PARTICLES TO A 020 00511100 31 0150205112 001100
' 

1005110401)-x00s(IPA011 + (D[SPL9iy£gX*RON§+O1$PTR*VELZ*RTHO)/VEL 
2POS(IPART)-ZPOS(IPART) + 101s0L0*v2Lz*0ou2+01s010*v2Lx*01uo)/12L 

2100 000 A00 COLUMN 000020 or 102 c211 HHICH c00TA10s THE PARTICLE 
132-1f1xgxp0§g1PAOT)/u£Lx)+1 -

- 

1z2—1F1x(z00s<19A0r)/nELz)+1‘ 
1F(xPQS(IPAKT)-lT=91)IX§‘0r° 
If(ZPOS(1PART)LLT.0.)IZE-0.0' 
1r(1ABs(1x£).01.0c0L+0c0L .00. 1A§s(1z2).GT.000u+0000)1020 
u01T£(§.4§)1xE,Iz2 

7 

45 FoRM,\1'(//'kww}vcvci-T\»t*tww:tt§t't EKRQR 1-wt*xt**-_~tt*g\-_1gy1-rA***-/
_ 

~1 ' A PARIICLE HAs;0ov20 I00_2A0 021000 102-2002 0r=/ 
0 7_T02V02§100; 10; CALCULATED 000 A00 c0LuM0 ARE:'. 
0 2110/' c02cx PARTICLE TRANSPORT CODE‘/) 

s100w 
20012 

cnscx 50u00A0v c0001T100s_00 0A011022,00T100 
-40 12(1x2,1I11 .00. 1x2;62.0c0L1c0 T0 41 

1r(1;2.02.10u1n11x21 .00. 1z2,02.100101112+11100 10 41 
1FcIzE:GE-IDEBBJIXE).;AND- lLE;&E.I0Ba011x2+1)1eo 10 49 3 _AA_ _ 

021200102112 04071012 MOVED 0001z00TALLv 00 0201104111 our 02 102 2120201 
41 A-1.E35 ' 

"2 

1211z20;01.1zg)A-100sp=(1220-1)*02Lz 
12g1z2p.L1.12211-1z20~02Lz-20050 
0-1.2+35 v_ _u, 
IF§[x§P.GT.IXEJB-XPOSP-([XEP-l)*DELX 
12¢1x20;11.1x2)a-1x20*021x-xposp 
M9YHORr-IRuE- ,

' 

1211/v21;_.L1. 0/v2Lx1M0v000-.rALs2. 
IF(MOVHDR .A00. 1x2.21.1120)50 10 42 
LE(MO1flOR’,ANp; LX£.GT.IXEP)GO4T0 43 
LF(,N9T.MOVHOR .100. IZE.LT.l2EP)GO 10 44 
1r(.001.M0v000 .A0p. 1z2501,1g;0)09 10 45 

A00051_r00 v2011cA1 00020207 our 02 102 2120201 _ H A»

~ 

45 LF(CHVAL(IXEP.IlEP+1).GT.-1.0E+34 .400. c0vAL(1x20+1,1z20+1).61.- 
1 --1.02+34)G0 T0 53 ,

. 

1005110A01)i2.:<1z20+1>r02Lz-2005110101) 
so 10 4a , _4_ 7 

44 1r(c0vAL(1x20.112y>.§I.-1,02+34 .100. CHVAL(IXEP+1.IZEP).GT. 
1 -1,02+34>00 10 53 A 

2005110401)-2.*(1220-1)*021z-2005110101) 
G9 70.48 * 

. . 

ADJQSI FOR HORIZONTAL MOVEMENT OUT OF Tlglji E|_._§,MEVN_‘l' I 

43 lF(CHVAL(IXEP+1,jZ£P).GT.-12Q£+34 .100. CHVAL(IXEP+1.IZ£P+1).GT. 
0 _H-1.pg+34)§0 T0 53

- 

' XPOS(IPART)-Z.*(IXEP1-1)*DELX-X_POS({PART} 
G0 I0 46 __ 

‘

2 

42 [F(cHVAL(IXEP.IZEP).GT.-1.0E+34 .A00. c00AL<1x£P.Iz§0+1).6T. 
1 -1.02+34>eo 10 53 _ 

XPQSKI?ARI)-2g*(1XEP-1)*DELX=XPOS(IPART) 
2100 102 020 00911100 or 102 01011012 
43 Ix:-1r1x(x00s(10401)/02111+1 

IZEf1FIX(ZPOS(IPART)/DELZ)+1 
60 10 40 . 

cuagx 10 $22 12 102 PARTICLE 1s 10 A 020100 or 00 MOVEMENT 
49 IF(.NOT.PTC(IXE.IZE))GO To 52”, 

m=cELL<1,x.E.rz.£2-00011.1(1:1:-Iz§1+1 
_d[F(E9C.GT.0.0)MASS(lPART)-MASS(IPART)‘£XP(~BD£*OELT) 

c00c(1x2.1z2) 02100 IS,AgIuAg_TpTAL>MA§§ 020 0211 
§QN§xI32.1z2) - c00c¢1x2.1z2) + MASS(IPART) 
90 T9 50

’ 

52 0xx-0xx11_. 0 _”¢ 
flP§ON§({X£;IZE)5NPGONE(IXE.I2E)+1 
'x00s(10A01)--1.0- 
00 10 50 

’0A0110L2 HA5 L201 102 2100 515120 
53 NXY-NXXt1_ 

XPQ$(IPABT)-31. 
‘ END PARUCLVE MOVEMENI LOOP 

CONI'I_P§UE 

CALCULATE c00c2010Ar1o0 (mg/L) A00 015101001100 or PARTICLES 10 A c211 
00 00 1-1.000211 

»
- 

00 00 J-1.NVCELL 
1r<c00c(1.J),02.010)1u20 
xphe SEL§*CEc[MAPGEO(I.J))/SOLUTE 
CONCI-CONC(I.J)/(POR(MAPGEO(I.J))*V9LuME) 
90100-auLx10A0s2011.011/00010Ape20(1.0)) 

c00c11.01_02100 15V000v20120 FROM A MASSICELL TO A 0000201041100/0211 
c00p11,01-100001 + KD*BULKP*CONCP(I.J))/(1. + 0p«au1x01 
.c00c011;0)-c00c(1.0)/c0001 
g0000(1.a)-c00c(1;q> 
20012

' 
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C

9 

(5 

{'7

O 

30 CONTINUE 

HRITE SIMULATION RESULTS 
YEAR-..T.N‘J.El_365.-.81.. . 

[K-KIIMElNSKIP*NSK[P 
lF([K.NE.KTIME ,Aun. KTIME,NE;NTIM£)GQ TO 99 
gg1TE<6.1§o)TEAn.TTME 

130 FORMAT(1H1.'ELASPED TIME IN TEAgs:'.r13.2/ 
A V' ELAPSED ILME Tu DA!S:';F13.2l) 

V xR1TE(§.131)NPART 
131 FORMATQ/' TOTAL NUMBER OF PARIICLES ADDED: .zx.T5/) 

D9 355 K-1,NRCELL . 

flRITE(6.l41)NPER(K.ITIME).LROl(K).LCOL(K) 
245‘CONTINUE 
A141 EoanATt:x.T5.' PARTICLES ADDED AT R0i'.[3.‘. coLuMN'.T3> ' 

PRINT THE:n1sTa1suT1oN or non-noyxua REFERENCE PARTICLES 
IF(ICK1§))TH§N 
uR1TE(s.145) , , V “V_ V 

145 rqnMAT(///1 gxsxajpgxxpu or non-Movxue REFERENCE PARTICLES’/) 
uaETEgs,;45)Nxx,npART 

' 

V V V 

145 FORMAT(I9.' ouT'oE'.;s.' PARTICLES HAVE LEFT THE CONFINING BED‘) 
¥R}TE!§-141?NXYxNPART 

T47 FORHAT(I9,* our or!.T5.' PARTICLES HAVE LEFT THEVFLOH SYST§M'//) 
00 25°_I'1eNflFELL . , 

uR1TE(5,1so)(NPconE(I.a).a-1.nvcELL) 
'z5o CONTINUE 
150 fQfiMAT(1X.25I59 

ENDIF 

PRINT THE gTsTRTguT1ou or REFERENCE PARTICLES 
IF(IC(I2))THEN 
HRLTEK5-l39)YEAR.TIME 
KRIIE(§-15°) - _ 

160 FOR AT<//' DISTRIBUTION or nEEEaEucE PABIICLES'//) 
D0 Z55.lfi1;NflFELL.. 

V 
yntTE;s.1so)<MncELL(I.a).a-1.uvcELL) 

255 CONTINUE 
V ,V_ VV V 

PRINT Iflfi C0N§ENT5!TI0N DISTRIEUTION 
HRITE(61l30)YEAR.TIME 
uRTTE(s;17o) V, V _V

- 

17o EqRuAT(//' concENTaAT1o~ DISTRIBUTION (mg/L)’/I) 
no 250 I-1.NHCELL V 

un1TE;s.172)(coN£(I.q).a-1.uvcELL) 
2.5.0 CQNTINUE 
172 FORHAT(IX.20F6.Z) 

ENDIF , 

oureqr nTsTgTepTgon qr PARTICLES TO A PLOTTING FILE 
lF(LC(13))THEN 
-wR1TEc1;.as1)vEAA 

651 ronnAT(1F1o,1) 
no axo J-1.NVCELL V V _M_ 

uRtTE(11.a52)TupcELL(I.a).I-1,NHcELL) 
E19 §0flTINU§ \

< 

352 FORMAT(10I10) 
ENDIF 

ourpur CONCENTRATION DISTRIBUTION To A PLOTTQNG FTEE 
1F(1c(l$))T5EN 
un:TE(12.a51>YEAa 
no azo J-1.Nv£ELL _ V 

V yR]IE(J;;5Z2)(CONC(l.J).I-1.NHCELL) 
sac CONTINUE 
322 

_ 
EQRMAT(10E10.4) 

ENDIF 

END 95 SIMULATION LOOP 
90 ITIME-lTIME+! __ V 

IEg[T1ME.LE.uTIMETsp T0 1 

RETURN 
END 

xx-nu-an nu. a _ __ K n n . an . - — n . . . . . . x n nu 

_ 

su§RouTTNE ESQAEE 
V 

A

_

* 
* $_l_JjBVR_0l}'_f-IVtylVE uVHxVcH CAL_C!,lLATES- THE MINIMUM TIME nsoumsu FOR A PA|3T_I_CLE_ To 
* VEAVE A CELL uuocn THE INFLUENCE or THE GROUNDWATER VELOCITY r1ELp ONLY,
* 

g
. 

c SUBROUTINE PARAMETERS AND'VARIABLES
c 
c pEEx : HORIZONTAL NODE.SPAcING. IN METERS 
c DELZ : VERTICAL NUDE sgAcjAs, Tu METE3s . 

c EXT ; Mnuxugn TTME agpujagp FOR A PARTICLE To LEAVE A CELL uwosa THE 
c V 

INFLUENCE OF GROUNDHATER FLOH onET_ V V__V_V V V V 

c IDHTR : non flUM8§RSV(1[§pL) THAT nEr1uEs THE noszrgon or THE HATER TABLE 
c upoL : uunsgg or CQLUMNS or MODES A

c NREELL: NUMBER 6E CELLS In THE HORIZONTAL DIRECTION
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2

.

/ 

NROH : NUMBER OF ROHS OF NOTJES 

~ ~~

~ 

1259 C - 

1260 c NVCELL: NUMBER or C__EL_LS In THE VERTICAL‘ DIRE_CT_IO_N 
12.5.1. C NVEJ-,M = NUMEER 0.?‘ El-§M.€l*T.5. IN THE. V€.RTI.C:k|.- D1.RECT. 1.0.“

, 

1262 C VX : GROUNDNATER VELOCITY IN THE HORIZONTAL DIRECTION 
1263 C VXX : AVERAGE NORIZQNIAL 0RQUNDN_ATE_R_VELOCIIV IN A CELL 
12§_4 C VZ : QROUNDNATER VELOCITYVIANVTHE VERTICAL DIRECTION 
1265 C VIZ : AVERAGE VERTICAL GROUNDNATER VELOCITY IN A CELL 
1266 C ‘ ' 

1'26) *~lr*_*Vfit§-kkttitkitttiittflktiiifittytitt~k*l'*i11*IIIiiiitiiiiit*i~kIi*i>*wi'fi*fiwR'l'hIi'kI'* 
1268 
1__2_§9_ _. include 'dp‘ct.In'c' 
1270 
1271 DO 30 I_-1.NHCELL 
1272 [RR-0 
1273 DO 30 J-1.NVCELL 
1274 ,IF(J.GE.IDNTR(I) .-OR. J.G_E:.IDHJ‘R(I+1))GO T0 -31 

1275 IRR—IRR+2 
1276 1F(J.LT.IDBBR(I_) .ON. J.L_‘|’_.IDBBR(I+1))GO To 31 
1277 VXVX-Q.f5*(AV4X(I. )+VX(1.I_RR-1)) 
1278 VZZ-0.!-*(VZ(I; )+VZ(I.IRR-1)) 
1279 if(abs(vxx).It.1.e-l5)vxx-1.e-1§_ 
1280 if(abs_(vz;_),1t,1.e¢15b)vzz-1.e-15 
1281 ' VXX-DELX*0.5lABS(VX)() 
1282- VZ_ZrDELZ*Qe§=lAB.S.(!lZ2.) 
I283 EXT(I.-J)-AMIN1(_VXX;VlZ) 
1254 EXT(I.J)-ALOGl0(EXT(I.J)) 
1285’ GO TO 30 
_1‘ga.s 31 V 

E;XTfl(I.J)-35.0 
1287 30 CONTINUE 
12.85 .. . 

' .._ 
1239 C OUTPUT PARTICLE TIME-.-.STEP GUIDE FIELD 
1290 IF(IC(10))THEN 
1.29.1 !81T.E.(§.-.191) ,, , 

1292 101 'FORMAT(1H1._' TIME FOR PARTICLES TO LEAVE EACH CELL’/IX. 
1293 L ’(AL_L VALUES EXPRESSED AS ANTILOG BASE 10)’) 
1,294 K-0 _ 

1295 7 K-K+2S 
1295 |S’.4',¥‘Z.4. 

. . 

1297 IF(,NHCELL.l.'T'.K_)K-NHCELL 
1298 NRITE(6.102)(_I_.I-KM.K) 
1299 102 F9RMAT( /1111 . ‘COLUMN: ' .-25 I5/) 
1300 DO 50 J-NVCELL.1.-1 
130,1 i(RkI_T>E_($>.10j4)_(§X_T(I.J).I-K.M.K) 
1302 104 FORMAT(3X-.;25F5.1) 
1303 80 CONTINUE 
13.04. IF(.K-.§§9,N.H§E':'~)TH.EN. . 

1305 NRITE(6.106) 
‘ 1306 106 FORMAT(1H1) 
1307 ELSE 

V y 

1308 . NRITE(6.IO5) 
1305 ~ 105 FORMAT(1X//I) 
1310 _CO TO 7 
1311 ENDIF 
1312 ENDIF

I 

1.313 . . ,_ . . 

1314 C OUTPUT PARTICLE TIME-STEP GUIDE TO THE PLOTTING FILE . 

1315 IF(IC(11))THEN ' 

‘131.5. 90.930 J.'1-N.!CE.L.L., , 

1317 
' |lRITE(13.811)(EXT(I.J).I-1.NHCELL) 

1318 830 CONTINUE - 

1319 B11 FORMAT(l5F‘7:3) 
1320 ENDIF 
132.1 RETURN 
1322 

I***ttttfitkitfttktiltttti‘litiR*1’R'1'**l'i"k|"t**t‘k*'k***1‘****Ijififliitil"lfifl_I'ItfiI'tfi!_Qt 
I324 FUNCTION RANNRNSEED) * 

*'k**tfi*tli'fi*'kfl*Ii'ki‘A:i**'kt'k}*'k'k'fi'kI‘*f*‘k'A"k1’*‘k*tftittil‘l'tti"l"l’****'A‘*i*l"ki*IR'***'k**I 

1326 . 

*
. 

1;3_27 * FUNCTION Hi-IICH GENERATES RANDOM NUMBERS BETNEEN 0 AND 1 * 
1328 * "

; 

132,9‘ 
* The original random number generator is reputed by a random number" *

§ 

1330 ' generator which HT“ generate random numbers on a P.C. (May. 1997) *
2 

1331 * 'RANO' from page 270 of: N.~N. Press. A.A. Teuk_Ios|_:y, H>.T. Vvett__er1ing. »* E 

1332 * and B.P. Flannery. 1992. Numerical Recipes in FORTRAN: The Art. of * 
_ ‘; 

I333 * Scientific Computing. 2nd Edition. Camb’rid‘ge University Press. * 7' 

. 34 * ' * :- 

fi'kfififiijk***t*ti*ti*titiitftiiiiiiiiitiitiiiii'*t'k*£*tl"kttt*tt*t'A‘*i*'k**1*kI“kiIt1'* 
1336 - INTEGER RNSEED. IA. IH. IO. IR. MASK. K 
1337 ’ REAL RAND. AM . . . .. . 

1:39.55. PARAMETER (IA-16807. IM-21474836473, AM-1./IMV. 
1339 E 

_ 

IO-127773. IR-2836. MASK-123459876) 
1340 RNSEED - IEO_R(RNSEED.MASK) ‘

j 

134} 
/ 

K} RNSEED/IO - 

I 

‘ 
‘

; 

134; RNSEED - IA*(RNSEED-K*I0) - IR"K 
1343 IF(RNSEED.LT.0)RNSEED - RNSEED + IM 
1344 . RANO - AM*RN_5EED_ _

' 

134_5 RN_SjZ_ED - IEOR(RNSEED.MASK) _E 

1346 RETURN "E 

1347 END
'

57
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\

n 

~
~

~

~ 

1 L - ------- -- 4-‘ - 
2 C 
3_ C DPCT.INC ' 

4 C 
5 C INCLUDE for the OPCT code 
6 C - c"r'eat'ed August 7. 1997 
7 C . 

O _ 

8 L-'"""' -- "- - - - 

, 9 C LIST OF PARAMETERS: 
10 C: ._ . .. 

~- ll C. maxnx :' NUMBER OF COLUMNS OF NODES 
12 C _m"axi1i : NUMBER OF ROHS OF NOOES 
1~3_ C m;_:,zojI_1‘e : NUMBER OF HVYORQSTRATIGRAPHICV UNITS 

l 14 C mxchd ’: NUMBER OF CONSTANT HEAO NODES 
‘ 15 C rhaxbnd : BANOHIDTN FOR THE‘ PROBLEM 
‘ 15 C maxcim : N_UMB_ER OF TIME STEPS IN THE SIMULATION 

17 C maxpart: NUMBER OF PARTICLES USED IN THE SIMULATION 
18 C moxru-c V: NUMBER OF CELLS NHICH RECEIVE PARTICLES 

. 19 C maxnjn : NUMBER OF NOOOES _I_N THE PROBLEM (calculated by dpct) 
20 C maxne : NUMBER OF ELEMENTS IN THE PROBLEM (‘cg.lcjul.ate_d by dpcr.)

‘ 21 C niaxrlxe : NUMBER OF ELEMENTS IN THE X-DIRECTION (calculated by duct) 
22 C maxncz : NUMBER OF ELEMENTS IN THE Z-DIRECTION (calculated by dpct) 
23 C 
24 Lu-u ‘ ‘ 

— -'—'-u .‘.....'....T ..... --— x - : - - . .-.. .... .. 
Z5 . . . ._ . 

. 26 C USER SUPPLIED VALUES: ' 

' 27 PA_RAMETER(1naxnx-45.maxnz-20) 
O 

. 
'28 - PA_,RAME;I,ER(mxz6ne-I0) 
29 PARAMETER(mxchd-45v)_ 
30 ' PARAMETER(maxbnd-22) 

' ’ 

31 » PA.RME.!ER.(mI'Xtl'm'?5) 
Q2 P_AR_AM_E;[ER_(_maxparti25000) 
33 PARAMETER(rnaxnrc-1) 
34 
35 C OPCI CALCULATED VALUES 
36 

‘ 

PARAM_E_l'§R(maxn_x€-m'agInx,- 1 .maxy_1_ze-(maxnbz -1 P2) 
37 PARAMETERImaxnn-maxnflmaxnz-.maxne-maxnxemaxnze) 
3B " 

39 ' REAL'8 G(maxnn.maxb;Id). GG(maxrin.l\iX_chd). HEAO(mxnn). F(maxh,n) 
4a '

‘ 

41 . 

' 

REAL |<X(maxne). KZ(maxne). CHEAD(mxchd). 
42 I llX(max'nxe_.,mu;nze). VZ(mnxn)pe.mja_xnze) 
43 . I 

_ 
44 

' 

. REAL DIS,P,(mxzone). POR(mxzone). CEC(rnxzone). BULK(mxzone). 
45 I K>HORZ>(m'xzcne). VERT<mxzone). MASSI 
46 
47 REAL X(maxn_n).. Z(Iuaxnn). PMI(maxnx.maxnz). 
48 I XPOS(rna4x'par-_t). ZPOS(maj)_<'part). MASS(m'axb_8rt) 

. 49 

H 50 REAL CONCR(maxnxe.maxnze). CONC(mnxnxe.mexnze). 
_ 

‘- 

I 51 1 CONCP(ma,xnxe.maxnze). EXT(ln‘a)lnxe.mjxn'ze) ' 

‘; 

52 
,

- 

53 REAL CHVAL(maxnx.maxnz) "A" 
54 

I 55 ' 

_ I_NTEGER*2 IDBBR(mgxnx). IDNTR_(maxlix). LC('rrfax‘hx) 
. 66 

57 INTEGER*2 MAP6E0(maxnxe.m-unze). NPCELL(rnaxnxe».maxnze)O.; 
- .58 I NPGONE(maxnxe.maxnze) 

59 
..

‘ 

6'0 INTEGER’? LRO_N(maxnrc). LCOL(‘rnaxnr'c). IN(ma;'n*e_.;3). 
61 I 

- NPER(maxnrc.maxt1'm) 
62

_ 

63 LOGICAL‘! TYPE(maxnn).' PTC(maxnxe.Iuaxnze). ICH6) 
64

_ 

55 cannon DELLDEL;;NROH.NCOL,NNODE.NELM.NllELM.NHCELL.NVCE.LL.NNODE_E'. 
' 

66 I NELMLIBANDE
. 

67
_ 

SB COMMON /0NE_/ MAPGEO.‘Kl;lORZ.K\lERT.IDBBR.C_HllAL.IC.IDNTR.CH_EAD. 
. 69 1 X.Z.TvPE.IN.l(X.KZ 

70 COMMON ITIO/A,N_GLE.G.F.HEAD.LC.PHI.NCHEAD.C\C 
71 conngrg lTH_R_EE;/POR_.VVX.v.VVZ.E~XT 

V _ 
._ _ 

.72 COMMON IFOURI LCOLLRUN.PTC.NPER>.DISP.CEC'.DELT.NTlME;NREE,LL;, 
. - 73 _1 CONCR.NPGONE.CONC.NPCELL.CONCP.SOLUTE.SELC.BULK.

_ 74 2 HAFL_IF.NSKIP.MAs$I.XPOS.Z_POS._NA§S.DIFF
g 

I I

61
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RADIOACTIVE WASTE'REPOSITORYE EXAMPLE 1. 
T T#T T T F T T T_T T TVT T T F 

17 45 1 25 5 24 6
. 

6931.0 150.0 18Z5-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 
100 100 100‘ 100 100 100 100 100 100 100 100 , 

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 17 17 17

‘

I 

—~ 

iiiii 

‘iiiii 

iiiiii 

siiiii 

EEEEB 

.

. 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
' /‘ 

1 1 '1‘ 1 1
' 

17 6025. 
17 5475. 11 17 5415. 
17 5115. 17 17 

2 17 4715. 23 17 

1 ‘1 1 1 1 1 1 1 1 1 1 1 
1 17 6100. ‘2 17 6075. 3 17 6050. 
7 17 5600. 8'17 5525. 9 17 5500. 1 

13 17 5295. 14 17 5235. 15 17 5175. 1 
19 17 4935. 20 17 4875. 21 17 4815. 2

1
4 
0
6 

0.5E+02 
0.1E-O1 
0.1E-04 

1 .14E+01
2
3 
4 0.4E+02
5
6 

0.1E-O2 
0.1E-05 
0.7E+02 
O.5E-06 
0.7E-00 

340E-01 
3.0E-01 
3.0E*02 
3.0E¥01 
3;0E=02 
3;0E*02 

0.5E+01 

0.5E-05 
O.4E+01 

44111111111111111111111111111111111111111l11 
44111111111111111111111111111111111111111111 
34422111111111111111111111111111111111111l11 

V 

344221111111111111111l1111111111l11I11111111 
3344221111111111111111111l111111111111ll1111 
3344222111111111111111111l111111111111111111 
333422211111l1111l11111111111111111111111111 
33344222222222222222225222222222222221111111 
33334422223333333333335333333333333222222111 
333344Z2223333333333335333333333333222222111 
333334422233333333333353333333333333222Z2444 
33333442223333333333335333333333333222222444 
33333342222233333333335333333333333222222444 
33333344442222222222225222222222222ZZ4444444 
33333333344444444444446444444444444444444444 
33333333344444444444446444444444444444444444 

5 17 

.0E-01 

65 

1 1 
5925. 

5055. 
4615. 

7'|'T1T|—I"‘|W'I 

6 17 5750. 
12 17 5355.‘ 
18 17 4995 
45 12 2500.



RADIOACTIVE WASTE REPOSXTORY: EXAMPLE 2. 
T'T T T T F T T T T T T T T T F 

17 45 1' 12 1 45 5 
500.0 100.0 1.5 0.00 

0.1 0.0 -1.0 141.0 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 

1
1 

1 11 3800. 2 11 3810. 3,11 3820. 4 11 3830. 
'7 12 3862. 8 12 3874. 9 12 3887. 10 12 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 I4 4110. 34_14 4125. 
37 16 4240. 38 16 4295. 39 17 4350. 40 17 4360. 
43 17 4410. 44 17 4415. 45 I7 4420. 

0.0E+0O 1 0.0E+00 0.0E-00 0.0E+00 
2 1.0E-02 1.0E-02 -3.0E-01- 0.5E+01 
3 5.0E‘02 5.0E-02 3.0E-01 V0.5E+01 
4 l.0E*01 1.0E-01 ’3.0E-01 0.5E+O1 
5 1.3E-01 1.3E-01 1.0E-04 0.5E+01 

11111111111111111111111I1I111111111111555555 
11111111111111111111111111111111111155555555 
11111111111111111111l11111111111111555555555 
11111111111111111111111111111555555555555555 
111111111111112222555555S5555555555555555S55 
11111222222222225555555555555555555555555555 
22222222222222555555555555555555555S55555555 ' 

2222222222222S555555555555555555555555555555 
33333333333355555555555555555555555555555555 
33333333333555555555555555555555555555555555 
33333333335555555555555555555555555555555555 
3333333333555555555555S55555555555S555555555 
44444444455555555555555555555555555555555555 
4444444445555555555555555555555555S555555555 
44444444555555555555555555555555555555555555 
44444444555555555555555555555555555555555555 

0.00028 
35 3 100 100 100 100 100 100 100 100 

11 11 11 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 

1 1 1 1 
1 1 1 1 

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

5 I1 
11 12 
I7 13 
Z3‘l3 
Z9 13 
35 14 
41‘17 

—l"'|'|'I"'|'l'| 

13 13 
‘100 100 100 100 
13 13 13 
17 17 17 

13 13 13 

1 1 1 

3850. 
v 3930. 
3995. 
4001. 
4055. 
4190. 
4403. 

1.0E+O0 
1.0E+O0 
1.0E+00 
1.0E+00 
1.0E+O0

' 

5 

' 

‘ 

.. 

'. 

1 

.

. 

-

V 

n..
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K I

7 

t*tr*wprgt::§aywwwrtcw:Rtwattatwwvstarts:1wttttnya1nygwwtnxwwtrgysyrtwwywur 

RADIOACTIVE IASTE REPOSITORVE EXAMPLE 1, 
withttttiittwtfitittrttatttttiittacitiotatinth}ntrtkttttiartqtnitvwttatttwtr 

OUTPUT LISTINGS AND PROBLEM CONTROL 

"I—I'-1-‘I-1.-I 

-1-'4‘-I-1"! 

-I-O-1‘-4-'4 

CROSS-SECTION SUMMARY 

1.7 = NUDBER Of .8.9i§ . 

45 : NUMBER or COLUMNS 
s : NUMBER or GEOLOGICAL uNITs 

5931.00 : 

150.00 : 

: RUN THE MASS TRANSPORT R0uTINE 
: PRINT THE NUDE co-DRDINATES 
: PRINT THE ELEMENT INcIOENcEs 
: PRINT THE ELEMENT Nv0RAuLIc c0NDucTIvITIEs 
: PRINT THE IDTAL HEAD VALUES 

: DUTPUT TN; HEA0_TAL0ES To A PLDITIND FILE 
: CALCULATE THE vELOcITv FIELD

' 

- PRINT THE VELOCITY FIELD ' 

~ RUN TN; IIMEj§TEP 0010; RDUTINE 
: PRINT TRE TIME=STEP 00105 

N0R1z0NTAL"N00E_sgAcIN0_IrzI 
VERTICAL NODE sPAgIN0 (ft) 

24 : NUMBER 0r CDNSTANT NEA0 NO0Es 
.00 

CONTAMINANT PARAMETERS 

-1.00 :
5 

HALF-LIFE (days). . 

: NUNDER OF STEPS EEINEEN LISTINGS 
25 : NUMRER or STEPS IN TIME 

I 

.10 2 

.00 
I82§0000.00 : 

500000.00 : 

: emu? TN: TlH£-§TE?_§.UID.E .70 4 P1011100 FILE .. 

: PRINT THE PARTICLE AND c0NcENTRATI0N 0IsTRIeuTIoN 
: OUTPUT TN; PARTICLE DISTRIEUTIDN TO A PLDTTING FILE 
: 00TPuT THE coNgENTRATI0N 0I§TRI00TI0N To A PLDTTIND EILE 
: PRINT THE DISTRIBUTION or NON-MOVING REFERENCE PARTICLES 
: uSIN0 DISTANCE uNITS or FEET 

I 1 NUMBER or CELLS RECEIVING PARTICLES 
.00 : COEFFICIENT OF BULK OIFFISION (ft2/d) 

NUMBER OF VARTICLES ADDED TO THE SYSTEM PER TIME~STEP 

RON COL 
6 16 I

1 

PARTICLES A0050 PER STEP 

ROM AND COLUMN NUMBERS OF THE VATER TABLE 

c0L RON 
I I7 

11 17 I2 17 
Z1 L7 -2?’ 17 
31 I7 32 17 
41 17 42 I7 

c0L Row
2 

COL 

00 I00 I00 I00 
00 I00 I00 100 

Row‘ c0L R00 COL ROM 
17 4 I7 5 I7 
17 14 I7 15 I7 
17 24 I7 25 I7 
17 34 I7 35 17 
I7 44 I7 45 17 

RON AND COLDMN NUMBERS OF THE BOTTOM BOUNDARY 

c0L ROI COL ROI 
I I 2 I 

_ 
11 I 12 1 

21 1 22 I 

31 I 32 I 
41 I 42 1 

c0NsTANT HEAD vALuEs 

NEA0 
5100.000 
5600.000 
5295.000 
4935.000 

c0L RON 
1 17 
7 I7 

13 17 
I9 17 

COL.R0l COL RON COL R00 
A3 I 4 I 5 I 
13 I I4 I I5 I 

23 1 24 I 25 I 

33 1 34 I 35 I 
43 I 44 1 '45 I 

COL R0! HEAD co; 
2 I7 5075.000 3 
a 17 5525.000 9 
I4 17 5235.000 15 
20 I7 4575.000 21 

PARAMETERS FOR THE HYDROSTRATIGRAPHIC'UNITS 

I00 
100 

COL 

16 

36 

COL 

16 
26 
36 

RON 

17 
17 
17 

T0TAL c0NcENTRATI0N IN soLuTI0N (mg/L) 
: SELEcTIvITv COEFFICIENT son EXCHANGE 
5115 OF THE TIHE:STEP (days) 
INITIAL MASS ADDED PER PARTICLE (mg) 

2 ANGLE OF INCLINATION Of Kh AND Kv FROMETHE HORIZONTAL (degkees) 

100 100 . 100 I00 I00 
100 I00 100 100 100 

R00 c0L R00 COL RON c0L R02 
I7 7 17 0 I7 9 17 
A? 17 1! 1§ 1] 19 17 
I7 27 I7 20. I7 29 I7 
17 37 17 30 I7 39 17 

Row c0L Row c0L RDN COL Row 
1 7 1 

- e 1 9 I 

I 17 1 I0 I 19 I 
1' 27 1 20 I 29 1 
1 37 1, 

- 35 1 39 1 

HEAD 
_ 

c0L RON HEAD 
5050.000 4 I7 5025.000 
5500.000 10 17 5475.000 
5175 000 16 I7 5115.000 
4815.000 22 17 4715.000 

69 

COL 

II 
1? 
23 

ROM 

5...‘... 

ROM 
17 
I7 
17 
I7 

100 100 

HEAD 
5925.000 
5415.000 
5055.000 
45I5.000 

100 

c0L Roi
6 

12 
18 
45 

17 
I7 
17 
17 

I00 

READ 
5750.000 
5355.000 
-4095.000 
2500.000 

...«..,n..

4
.



0111 Kh Kv 90505111 015055 
1 .50000:¢02 .14000E+01 .30000:+00 .50000:+01 
2 .10000F-01 .10000F-02 .30000F+00 .50000:+01 
3 .10000:-04 .10000F-05 530000:-01 .50000F+01 
4 .40000E+02 .70000F+02 ‘.30000F+00 .50000£+01 
5 .50000;-05 .500005-05 .300002-01 .5D000E+0l 
5 .40000g+01 .70000£+00 1300005-01 .50000F+01 

* I-MOVEMENT 1110550 
F-MOVEMENT NOT 4010550 

HAP 0F HYDROSTRATIGRAPHIC 05115 

44111111111111111111111111111111111111111111 
44111111111111111111111111111111111111111111 
34402111111111111111111111111111111111111111 
34422111111111111111111111111111111111111111 
33442211111111111111111111111111111111111111 
33442221111111111111111111111111111111111111 
33342221111111111111111111111111111111111111 
33344222222222222222225222222z22222221111111 

33333333344444444444445444444444444444444444 

FINITE ELEMENT 5510 N00: c0-000104125 

N00! 119: x 2 N00: 110: x 

1 F .000 .000 2 F .000 
4 F .000 450.000 5 F .000 
7 F .000 900.000 5 F .000 

10 F -000 1350-009 11 F ~000 
13 F .000 1500.000 14 F .000 
15 ' 

F .000 2250.000 17 1 .000 
19 F 59515000 150.000 20 F 5931.000 
22 F 5931.000 500.000 25 F 5931,000 
25 F 5931.000 1050.000 25 F 5931.000 
25 F 5931.000 1500.000 29 F 5931.000 
31 F 5931.000 1550.000 32 F F5031.000 
34 1 5931.000 2400.000 35 F 13552.000 
37 F 13552.000 300.000 35 F 13552.000 
40 F 1305?a000 .750-000 41 F 13352-000 
43 F 13552.000 .1200.000 44 F 13552.000 
45 F 13552.000 1550.000 47 F 13552.000 
49 F 13552.000 2100.000 50 F 13552.oo0 
52 F 20793.0o0 .000 53 F 207901000 
55 F 20793.000 450.000 55 F 20793.000 
55 F 20703.000 500.000 59 F 20793.000 
51 F z0793.000» 1350.000 52 F 207935000 
54 F 20793.000 1500.000 55 F 20793.000 
§7 F Z0J9§.000 2250-000 03 I 207334000 
70 F 27724.000 150.000 71 F 27724.000 
73 F 27724.000 4500.000 5 74 F 27724.000 
75 F 27724.000 1050.000 17 F 27724.000 
79 F 27724.000 .1500.000 50 F 27724.000 
52 FF 277z4.000 1950.000 53 F 27724.000 
05 1 27724.000 2400.000 55 F 34555.000 
55 F 34555.000 300.000 . 59 F 34555.000 
91 F 34555.000 750.000 92 F 3455s.000 
94 F 34555.000 1200.000 95 F *34555.000 
_97 F 34555.000 1550.000 95 F ;4555.000 
100 F 345s5.000 2100.000 101 F 345551000 
103 F1 41555.000 .000 104 F 41s05.000 
105 F 41555.000 450.000 107 F 41555.000 
109 F 41555.000 900.000 110 F 41555.000 
112 F 41555.000 1350.000 1 113 F 141555.000 
115 F 41555.000 1500.000 115 F 41555 000 
115 F 

_ 
41555.000 2250.000 - 119 1 41555.000 

121 F 45517.000 150.000 122 F 
. 45517.000 

124 F 45517.000 500.000 125 F 45517 000 
127 - F 45517.000 1050.000 125 F 455175000 
130 F 45517.000 1500.000 131 F 45517.000 
133 F 45517.000 1950.000 134 , 

F 45517.000 
135 1 45517.000 2400.000 137 F .55445.000 
139 F 55445.000 300.000 140 1 F 55445.000 
142 F 55445.000 750.000 143 F 55445.000 
145 F 5544a.00o 1000.000 145 F 5s445.000 
145 A F 55445.000 1550.000 149 F 55445.000 
151 F 55445.000 2100.000 152 F 55445.000 
154 F 52379.000 .000 155 F 52379.000 

70 

.050 
.10000:+00 
.10000E+00 
.100005+00 
.10000:+00 
.10000:+00 
.100DOE+00

Z 

150.000 
500.000 
1050.000 
1500-090 
1950.000 
2400.000 
300.000 
750.000 

1200.000 
1650.000 
2100.000 

.000 
450.000 
900.000 
1350-900 
1800.000" 
2250.000 
1500090 
500.000 
1050.000 
1500-000 
1950.000 
Z500-000 
300.000 
150.000 

1300-000 
1550.000 
2100.000 
..-900 
450.000 
900.000 
1350.000 
1000-000 
2250.000 
150.000 
500.000 

1050.000 
150°-000 
1950.000 
2400.000 
300.000 
.150-000 
1200.000 
1550.000 
2100.000 

.000 
450.000 
900.000 

1350.000 
1500.000 
2250.000 
150.000 

FTc1*
F
F 
T 
F 
F
F 

5014 
.10000E+01 
-10000E+01 
.10000F+01 
.10000F+01 
.10000g+01 
.10000;+01 

NODE TYPE 

9 .4 
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5931. 
5931. 
5931. 
5931. 
5931; 
5931. 
13552. 
13552. 
11552.” 
13552. 
13552. 
13552. 
20793. 
20793. 
Z079?-. 
20793. 
20793. 
27724. 
27724. 
27724. 
21724._ 
27724. 
27724. 

. 045,55. 
534555. 
34555. 
34555. 
34555: 
34555. 
41555. 
41555. 
41555. 
41555. 
41555. 
45517. 
#851? 
45517. 
45517. 
45517. 
45517. 
55445. 
55445. 
55445 
55440 
55445 
55445 
52379 

000 
000 
000 
000 
000 
000 
.000 
000 
000 
000 
000 
000 
000 
.000 
.000 
.000 
.000 
.000

1 

300.000 
750.000 

1200-000 
1550.000 
2100.000 

.000 
4501000 
900.000 

1350.000 
1500.000 
2250.000 
150.000 
500.000 
10505000 
1500.000 
1950.000 
2400.000 
3009000 
750.000 

' 1200-000 
1550.000 
2100.000 

.000 
450.000 
900.000 

1050.000 
1500.000 
19505000 
2400.000 
300.000 
750.000 

1200.000 
1550.000 
2100.000 

.000 
450.000 
900.000 
1350.000 
1500.000 
2250.000 
150.000 
500.000 

"1050.000 
1500.000 
1950.000 ' 

2400.000 
300.000

‘

V

A



.fiiiiii 

IIIIII’ 
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‘ 

IIIIII 

IIIIII_" 

IIIIII 

H’ 
IIIIII

. 

IIIIII

_ 

IIIII 

IIIII 

IIIII 

III!!! 

’.__.. 

III!!! 

Ell!!! 

1EEEEEI 

~IEEiEfl 
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157 
150 
163 
166 
169 
172 
175 
170 
101 
104 
107 
190 
193 
196 
109 
202 
205 
200 
311 
214 
217 
??0 
223 
226 
22? 
232 
235 
230 
241 
244 
247 
250 
253 
250 
259 
262 
255 
309 
271 
274 
217 
200 
203 
206 
209 
292 
295 
290 
301 
304 
007 
310 
313 
010 
310 
322 
325 
320 
331 
334 
337 
340 
343 
346 
349 
352 
355 
350 
361 
364 
367 
370 
373 
376 
379 
302 
305 
300 
391 
394 
307 
400 
403 
405 
409 
41? 
‘15 
410 
421 
424 
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62379.000 
62379.o00 
523725000 
62379.000 
62379.000 
593100000 
69310.00o 
69310.000 
093100000 
69310.000 
69310.000 
76241;000 
76241.000 
76241.000 
76241.0o0 
762415000 
03172.000 
03172.000 
03172,000 
03172.000 
03172-000 
03172,o00 
90103.000 
90103.000 
90103.000 
90103.000 
90103.000 
001932000 
97034.000 
97034.000 
07034.000 
97034.000 
97034.000 

103965.000 
103965.000 
103965.000 
103965.000 
103965.000 
103965.000 
110096.000 
110090-000 
110096.000 
110096.000 
110000-000 
110096.000 
117027.000 
117027.000 
117027.000 
117027.000 
117027.000 
124750.000 
124750.000 
124750.000 
120750-000 
124750.000 
124756.000 
131600.000 
131609.000 
131609.000 
131609.000 
131609.000 
131689.000 
130620.000 
130020-000 
130620.000 
130620.000 
130620.000 
145551.000 
145551.000 
145551.000 
145551.000 
145551.000 
145551.000 
152402.000 
152402.000 
152402.000 
152402.000 
152402.000 
152402.000 
159413.000 
159‘10-000 
159413.000 
159413.000 
159413.000 
166344.000 
100344-000 
166344.000 
166344.000 
166344.000 
166344.000

\ 

450.000 
900.000 
13:0-090 
1000.000 
2250.000 
150.000 
600.000 

1050.000 
1500.000 
1950.000 
2400.000 

2100.000 
.000 

450-000 
900.000 
1350.000 
1000-000 
2250.000 
150.000 
600.000 
1050.000 
1500.000 
1950.000 
2499.009" 
300.000 
750.000 

1200.000 
1650.000 
2100.000 

;-000 
450.000 
900.000 
1350.000 
1000.000 
2250.000 
150.000 
600.000 

‘1050.000 
1500.000 

. 19$0=000 
2400.000 
300.000 
750.000 

1200.000 
1650.000 
2100.000 

_.000 
450.000 
900.000 
1350.000 
1000.000 
2250.000 
150-000 
600.000 
1050.000 
1500.000 
1950.000 

. 2400.000 
‘300.000 
.750-00° 
1200.000 
1650.000 
2100.000 

.000 
450.000 
_900.000 
1350.000 
1000.000 
ZZ§0-000 
150.000 
600.000 

1050-000 
1500.000 
1950.000 
2400.000 
000-000 
75 000 

120 .000 
1650.000 
2100.000 

.000 
450.000 
900.000 
1350.000 
1000.000 
2250.000 

153 

209 
212 

260 
263 

§02 
005 

425 
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52379.000 
§Z379.QU§ 
62379.000 
5Z379.0U0 
5Z3]9.000 
693191000 
59310.000 
69310.UUO 
093101000 
69310.000 
175241.030 
75241.00o 
76241.000 
75241.000 
7§Z4I.QQO 
76241.000 
3317Z.000 
53173-000 
53172.000 
83172.000 
03172.000 
03172.000 
90103.000 
90103-000 
301033000 
90103.000 
9Q103.UUO 
070349000 
97034.000 
97034.00U 
S7D3§.QQO 
97034.0U0 
97034.000 
109955-900 
103955.000 
103955.000 

' 103365.090 
103965.000 
103965.000 
110096.000 
110096.000 
110096.000 
110096.000 

'110096.000 
117027.000 
117027.000 
117027-000 
117027.000 
117027.000 
117037-000 
124756.000 
124750.000 
124750.000 
124750.000 
124750.000 
‘124758.000 
191509-009 
131609.000 
'1316§9.000 
131609.000 
131509.000 
130620.000 
130020.000 
130620.000 
130620.000 
130520.000 
130620.000 
145551.000 
145551.000 
145551.000 
145551.000 
145551.000 
145551.000 
152402.000 
152402.000 
15240?-000 
152402.000 
152402.000 
159413.000 
109413-000 
159413.000 
159413.000 
159413.000 
159413.000 
1003442000 
166344.000 
166344.000 
166344.000 
15§34‘:000 
166344.000 

71 

600.000 
1050.000 
1500.000 
1950.000 
2000.000 
300.000 
750.000 

1200.000
7 

1650.000 
2100.000 

.000 
'950-000 
900.000 
1350.000 

2100.000 
.000 

' 

450 000 
900.000 

1000-000 
1000.000 
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 
1000.000 
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" 
1000.000 
2250.000 
150.000 
500-000 
1050.000 
1500.000 
1050-000 
2400.000 
300.000 
750.000 
1200.000 
1650.000 
2100.000 

.000 
450.000 
900.000 

1350.000 
1000.000 
2250.000 
1§0-090 
600.000 
1050.000 
1500.000 
1550.000 
2400.000 

159 
102 
165 
160 
171 
174 
177 
100 
103 
186 
109 
192 
195 
103 
201 
204 
107 
210 
213 
216 
219 
222 
225 
220 
231 
234 
237 
240 
243 
246 
249 
252 
255 
250 

-_261 
264 
267 
270 
273 
276 
279 
202 
205 
200 
-291 . 

294 
297 
300 
303 
306 
309 v 

312 
315 
310 
321 
’3Z4 
327 
330 
333 
335 
339 
30? 
345 

» 308 
351 
354 
357 
360 
304 
366 
369 
372 
375 
370 
351 
384' 
307 
390 
390 
396 
399 
402 
405 
406 
411 
414

‘ 

417 
420 
423 
420 fl 

1 
M
M 
M
1 
fl
M 
i 
w 
1 

w-1

1 
m 
M 
H 
m 
1
1 
m
1
1 

4‘h 

m'n 

fl'WIM 

fi 
M 
1 
w 
W 
W 
1 

13m 

fl«4 

M 
M 
n
1 
m 

fi_m'm 

m 
m 
w 

wvwlwum 

m.a 

m 

m'1 

1
1 
1 

wlwlwrfi 

m 

mim 

m'p1m-471:1 

m‘n 

m 

1‘i 

T‘fi 

fi‘fl

m 
fl 
m
fl 62379.000 

62379.000 
62379.000 
62379.000 
69310.000 
69310.000 
69310.000 
09310-000 
69310.000 
69310.000 
76241.000 
76241.0o0 
76241.000 
76241.000 
76241.000 
76241.000 
83172-000 
031721000 
03172.000 
03172-000 
031704000 
90103.000 

’ 90103.000 
90103.000 
90103.000’ 
90103.000 
90103.000 
97034.000 
97034.00o 
070345000 
97034.000 
97034.000 
_07034,000 
103965.000 
103965.000 
103965.000 
103965.000 
103965.000 
110395-000 
110096.000 
110096.000 
110395-000 
110096.000 
110096.000 
117027.000 
117017-000 
117027.000 
117027.000 
117017-000 
117027.000 
124750.000 
124760.000 
124750.000 
124750.000 
124750.000 
131009.000 
131609.000 
131639.000 
1010001000 
131609.000 
131609.000 
130620.000 
130620.000 
133620.000 
130620.000 
130620.000 
138620;000 
145551.000 
145551.000 
145551.000 
145551.000 
145551.000 
152462.000 
152402.000 
152402.000 
152402.000 
152402.000 
1524023000 
159413,000 
159413.000 
159413.000 
159413.000 
159413.000 
159113-000 
166344.000 
166344.000 
166344.000 
149944.990 
166344.000 
173275.000 

750.000 
1200.000 
1650.000 
2100.090 

.000 
450.000 
_40o.o0o 
1350.000 
1500.000 
2250.000 
150.000 - 

600.000 
1050.000 
l500:000 
1950.000 
2400.000 
300-000 
750.000 

1200.000 
1959-090 
2100.000 

.000 
459.000 
900.000 
1350.000 
1999-099 
2250.000 
150.000 
600.000 
1950-000 
1500.000 
1950.000 

.2400.000 
300.000 
750.000 
1200.000 
1650.000 
2100.000 

.000 
450.000 
900.000 
13502000 
1000.000 
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 
1300.000 
2250.000 
150.000 
600.000 
1050.000 
1500-000 
1950.000 
2400.000 
‘300-000 
750.000 
1200.000 
1650.000 
2100.000 

450-000 
900.000 
1350.000 
1000.000 
2250.000 
150.000 
600.000 
1050.000 
1500-000 
1950.000 
2400,000 
300.000 
750.000 

1200.009 
1§50-000 
2100.000 

.000 

.~.4.,...

.

.
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607 
610 

637 
640 
643 
646 
640 
552 
655 
658 
661 
664 
667 
670 
673 
676 
679 
602 
665 
688 
691 
694 
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173275.000 
173375-999 
173275.000 
173275.000 
173375-999 
173275.000 
100206.000 
199395-999 
100206.000 
100206.000 
199395-999 
-187137.000 
107137.000 
107137.000 
167137.000 
107137.000 
197137-999 " 

194060.000 
194060.000 
194959-999 
194065.000 
194060.000 
194959-999 
200999.000 
200999.000 
399999-999 
200999.000 
200999.000 
207930.000 
397939-999 
207930.000 
207930.000 
397939-999 
207930.000 
214661.000 
314951-999 
214061.000 
214661.000 
319991-999 
214061.000 
221792.000 
221792.000 
221792.000 
221792.000 
331793-999 
220723.000 
220723.000 
339733-999 
220723.000 
220723.000 
220723.000 
335554-999 
235654.000 
235654.000 
235654.900 
235654.000 
235654.000 
343595-999 
242535.000. 
242505.000 
343595-999 
242505.000 
249516.000 
200516.000 
249516.000 
249516.000 
249516.000 
249516.000 

’256447.000 
256407.000 
250447-000 
256447.000 
256447.000 
256447.000 
353379-999 
263376.000 
263370.000 
263376.000 
253979-999 
270309.000 
270309.000 
270309.000 
270309.000 
270309.000 
270309.000 
277240.000 
271250-000 
277240.000 
277240.000 
277240.000 

150.000 

1650.000 
2100,000 

' 

.000 
450.000 
900.000 

"1350.000 
1000.000 
2250.000 
150.000 
600.000 
1050.000 
1500.000 
1950.000 
2400.000 
200.000 
750.000 

1200.000 
1650.000 
-2100.000 

.000 
450.000 
900.000 

1350.000 
1000.000 
2250.000 
150.000 
600.000 
1050.000 Iwomw 

' 1950.000 
2400.000 
300.000 
750.000 

1200.000 
1650.000 
2100.000 

.000 
450.000 
900.000 

1350.000 
‘ 

1000.000 
2250.000 
150.000 
600.000 

1050.000 
1500.000 
1950.000 

420 
431 
434 
437 
400 
443 

449 
452 
455 
498 
461 
464 
407 
470 
473 
476 
479 
402 

' 

400 
491 
494 
497 
500 
593 
506 
509 
512 
515 
‘$18 
521 
534 
527 
539 
533 
536 
539 
542 
"S45 
549 
551 
554 
557 
560 
563 
566 
559 
572 
575 
579 
561 
504 
587 
590 
‘593 
595 
599 
602 
595 
600 
611 
014 
617 
620 
533 
626 
629 
632 
535 
630 
641 
694 
657' 
650 
653 
656 
559 
553 
665 
660 
671 
674 
677 
600 
603 
699 
609 
692 
695 
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173275.000 
173375-999 
173275.000 
173275.000 
173375-999 
100206.000 
100206.000 
100206.000 
100206.000 
100206.000 
139395-999 
107137.000 
107137.000 
197137-999 
107137.000 
107137.000 
197137-999 
194060.000 
194060.000 
194060.000 
194060.000 
194060.000 
399999-999 
200999.000 
200999.000 
399999-999 
200999.000 
200999.000 
207930.000 
207930.000 
207930.000 - 

297939-999 
397939-999 
207930.000 
214061.000 
214061.000 
214061.000 
214061.000 
214661.000 
221792.000 
221792.000 
331793-999 
221792.000 
221792,000 
331793-999 
220723.000 
220723.000 
339733-999 
220723.000 
228723.000 
339733-999 
235654.000 
235654.000 
235654.000 
235654.000 
235654.000 
242565.000 
202505-000 
242505.000 
243535-999 
242605.000 
242505.000 
349515-999 
249516.000 
249516.000 
249516.000 

- 249516.000 
249516.000 
256447.000 
355947-999 
256447.000 
256447.000 
256447.000 
263370.000 
353379-999 
263376.000 
263370.000 
263370.000 
359973-999 
270309.000 
270309.000 
270309.000 
379999-999 
270309.000 
270309.000 
277240.000 
377349-999 
377349-999 
277240.000 
277240.000 
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300.000 
750.000 
1200.000 
1650.000 
2100.000 

.000 
450.000 
999-999 
1360.000 
1000.000 
2250.000 
150.000 
600.000 
1050.000 
1500.000 
1950.000 
2400.000 
300.000 
750.000 

1399-999 
1650.000 
2100.000 

.000 
450.000" 
900.000 

1359-999 
1000.000 
2250.000 
159-999 
600.000 
1050.000 
1500.000 
1950.000 
2400.000 
300.000 
750.000 
1200.000 
1650.000 
2100.000 

.000 
450.000 
000.000 
1350.000 
1999-999 
2250.000 
150.000 
600.000 
X959-999 
1500.000 
1950.000 
3499-999 
300.000 
750.000 

1200.000 
1559-999 
2100.000 

.000 
450.000 
900.000 
1350.000 
1000.000 
2250.000 

2400.000 
300.000 
750.000 

1200.000 
1650.000 
2100.000 

.000 
450.000 
900.000 

‘1350.000 
1000.000 
2250.000 
150.000 
600.000 

1050.000 
1500.000 
1950.000 
2400.000 
300.000 
750.000 

1200.000 
1650.000 
2100.000 

439 
432 
435 
430 
441 
444 
447 
450 
453 
456 
459 
462 
465 
460 
471 
474 
477 
400 
403 
406 
409 
492 
495 
490 
591 
504 
507 
510 
513 
516 
519 
522 
625 
526 
531 
534 
537 
549 
541 
546 
559 
552 
555 
558 
561 
564 
567 
570 
573 
579 
579 
502 
505 
599 
591 
594 
597 
600 

Q06 
609 
012 
615 
610 
621 
624 
627 
630 
533 
636 
639 
642 
645 
548 
651 
654 
657 
660 
663 
666 
669 
672 
675 
670 
601 
604 
597 
690 
693 
696 

179275-999 
173275.000 
173275.000 

‘173275.000 
173275.000 
'180206.000 
100206.000 
100206-000 
180206.000 
120206.000 
199296-999 
187137.000 
147137.000 
187137.000 
187137.000 
107127-000 
194068.000 

'-194068.000 
194953-999 
194060.000 
194060.000 
194999-999 
200999.000 
200999.000 
399999-999 
200999.000 
200999.000 
200999.000 
207930.000 
207930.000 
207930.000 
297939-999 
207930.000 
214061.000 
214061.000 
214661.000 
214061.000 
314991-999 

‘ 214861.000 
221792.000 
221792.000 
221792.000 
221792.000 
221792-000 
221792.000 
2Z8723,000 
220722.000 
228723.000 
228723.000 
220723.000 
235654.000 
235654.000 
235654.000 
335554-999 
235654.000 
235654.000 
343595-999 
242505.000 
242505.000 
242505.000 
242505.000 
343595-990 
249516.000 
249516.000 
249516.000 
249516.000 
249516.000 
256447.000 
256447.000 
256447.000 
266447.000 
256447.000 
256447.000 
263370.000 
263370.000 
263370.000 
263376.000 
263370.000 
263370.000 
270309.000 
270309.000 
270309.000 
270309.000 
270309.000 
277240.000 
277240.000 
277240.000 
277240.000 
277240.000 
277240.000 

450.000 
900.000 

1350.000 
1000.000 
ZZ50.000_ 
150.000 
600.000 

1050.000 
1500.000 
1959-999 
2400.000 - 

300.000 
750.000 
1200.000 
1650.000 
3199-999 

.000 
450.000 
900.000 
1350.000 
1599-999 
3359-999 
150.000 
600.000 
1050.000 
1500.000 
1950.000 
2500.000 
300.000 
750.000 

1399-999 
1650.000 
2100.000 

.000 
450.000 
900.000 

1350.000 
1999-999 
2250.000 
150.000 
600.000 

1050.000 
1500.000 
1950.000 
2400.000 
399-999 
750.000 

1200.000 1u00w 
2100.000 

.000 
450.000 
.900.000 
1359-999 
1000.000 
2250.000 
159-99° 
600.000 
1050.000 
1500.000 
1950.000 
3499-999 
300.000 
750.000 
1200.000 
1650.000 
2100.000 

.000 
430.000 
900.000 
1350.000 
1000.000 
Z359-999 
150.000 
600.000 ' 

1050.000 
1500.000 
1050.000 
2400.000 
300.000 
750.000 

1200.000 
1650.000 
2100.000 

.000 
450.000 
900.000 

1350.000 
1000.000 
2250.000 

‘1-. 
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.

.

. 
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1 

IIIIIIII 

Illlllll 
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IIIIII 

1IIIIII 

IIIIIIH 

flIIIII-

' 

Illilll 

IIIIII 

IIIIII 

Illllfl 

flllllll 

IIIIII' 

IIIIII 
tibial Q!-‘OI 

597 
700 
703 
105 
709 
712 
715 
715 
721 
724 
727 
730 
733 
735 
739 
742 
745 
745 
751 
754 
757 
760 
753 

'IIIIl 

!!!!! 

.... 

OI!-‘CD

.

\ ,6. F 

'301§ 

TI-‘n'n'n‘7I'n‘n'rI1I‘V\VI‘n11‘II‘VI"I‘VI‘lI'n'II1'I11V9 

277240. 
.000 
.000 
0000 
.000 
.000 

254171 
294171 
204071 
294171 
254171 
3§11°3? 
291102. 

- 291102. 
??110Z3 
291102. 
291102. 
Z?§033. 
290033. 
293033. 
ZQQD33. 
293033. 
293033. 
395954~ 
394954. 
304954. 
§9495‘- 
304954. 

ELEMENT 1901029025 

ELEMENT 1901050025 

177 178 

000 

000 
000 
000 
000 
000 
000 
000 000-1» 
000 
000 
000 
000 
000 
000 . 

000 
909 
000 

2400.000 
300.000 
750-000 
1200.000 
1550.000 
‘2100.000 

.000 
450.000 
900.000 
1350.000 
1500.000 
2250.000 
1594000 
500.000- 

1050.000 
1500.000 
1950.000 
2400.000 
3005000 
750.000 

-1200.000 
16591000 
2100.000 

ELEMENT INCIDENCES 

Z421 
247: 
252: 
257: 
202: 
267: 

. 272: 
277: 
202: 

_ 207: 
292: 
297: 
302: 

145 
143 
151 
154 
15? 
159 
152 
154 
157 
1500 
173 
175 
179 

13? 
142 
144 
147 
149 
152 
155 
158 
160 161 

690 
701 
Z04 
707 
710 
713 
716, 
719 
722 
I35 
725 
731 

. 734 
737 
740 
Z43 
745 
749 
752 
755 
755 
751 
754 

ELEMENT INCIDEMCES 

"VI’fl“'I‘VI"1"11"I"1'fi‘fl-"I"I‘V1’!'I"VI’VI"I"VI‘!1"I-"I'fl'YI 

133 
A135 
139 
141 
144 
145 

T 149 
151 
155 
157 ""150 

-152 
165 

V 
167 
170 " 
173 
I76 
178 

Z9‘l71!000 
294171.000 
200171.000 

_ 284171.000 
254171.000 
254171.000 
.29110Z.000 
291102.000

, 

291102.000 
201102.000 
291102.000 
291102.000 
1900339000 
293033.000 
295033.000 
0900337000 
293033.000 
304954.000 
304954.000 
304954.000 
-304954.000 
304954.000 
304954.000 

20 ‘ 4 
5 0. 

25- - 14- 
10 19: 
30 -24: 
15 29: 
36 34: 
21 39: 
41 44: 
26 49: 
46 54: 
31 S9: 
51 64: 
37 69: 
57 74: 
42 79: 
62 84: 
47 89: 
67' 94' 
53 99 
73 104 
55 109 
78 114 
63 119 
53 -124 
55 .129 
B9 134 
74 139 
94 144 
79 149 
99 154 
34 159: 
105 164: 
90 169. 
110 174: 
95 179: 

115 184: 
100 1591 
121' 194: 
106 199: 
120 204: 
111 209: 
131 214 
115 219: 
135 224: 
122 229: 
142 ‘234: 
12] 239: 
147 244: 
132 249: 
152 254: 
138 259: 
153 264: 
143 269: 
163 274: 
148 279: 
150 234i 
103 289: 
174 294: 
159 299: 
179 304: 

73 

450. 
900. 

1350. 
1500. 
2250. 
150. 
500. 

1050. 
150°-.. 
1950.000 
2000.000 
300.000 

000 

750.000 
1200.000 
1550.000 
2100.000 

000 
450.000 
900.000 
1§§0-000 
1500.000 
2250.000 

161 

20 
22 
25 
27 

171 
174 
175 
179 

5120297 1uc10zuc:s 

Z3
8 

599 
702 
70§ 
705 
711 
714 
717 
720 

725 
729' 
132 
735 
739 
741 
744 
747 
7i9 
753 
756 
75? 
752 
765 

515x507 

10: 

280: 
2351 
290: 
295: 
300: 
305: 

-1TfI'VI‘lI"I"I'lI‘V|"I'I‘I'11'|'|'|'fl"l'V1'Vl‘Vl'VI-‘l|'Vl‘I'|VI‘VI‘V 

284171.000 
254171.009 
090171.000 
234171.000 
254171.000 
205171-900 
291102.000 
291102.000 
291102.000 
291102.000 
291102.000 
295033.000 
295033.000 
293033.000 
298033-D00 
295033.000 
295033.000 
394554-090 
304954.000 
304954.000 
395964-999 
304954.000 
304954.000 

I_N_C;I>l_JE:|lCES 

E 145 
145 
151 
154 
157’ 
159 
152 130 

150.000' 
590.009 
1050.000 
1500.000 
1350.000 
2400.000 
300.000 

_ 
750;000 

1209-009 
1650.000 
2100.000 

..ooo 
450.000 
900.000, 

1350.000 
1300.000 
2250.000 
150.000 
500.000 

11050.000 
.1500;000 
1950.000 
2400.000 '



: 162 

: 185 

: 216 
_.j 240 
: 242 
: 245 
i: 247 
‘ 250 

252 
.=. 15,6 
: 258 
: 261 
I: 253 
: 266' 
: Z68 

_: 271 
: 274 
' 277 
: 279 
:' 26,2 
: 284 
: ‘Z87 
_: Z90 
: 293 
': 295 
1 Z98 
: 300 

: 
30'9" 

-226 " " 

2 l§.3 

154' 

- 203 

= 2.‘.-5 

: 383 
: 386 
: 3,88 
: 39; 
: 394 
: 397 
: -399 

74‘ 

235 

E :62 

ziio 
3.13 
315 

: 318 
A 3.’-'9 

7: 32¢ 
: 326 

..= 32.9 
: 331 
: 334 ‘ 

.3 133.5, 

: 339 
: 342 
2 345 ._ 

: ‘:3-57
_ 

: 350 
: 352 
‘: 355 ‘ 

= 35.3. 

I: 36] 
: 363 
: 366 ‘ 

: 166 
‘: 371 

: 373 
' 377 ' 

- 3.7.9. . 

..‘. 3.3? 
: 384 
: 337 
: -359 

V 
: >393 
: 395' 
: 398 
'.-_ 400 

319



*lI!III 

fl!I!!I 
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5-5% 

EIEI1 

’IiIiiI 

1' 

’-

I

_ 

1 401 419 
: 454 421 
: 405 424 

H: 410 427 
: 412 430 
: 415 432 
: 417 435 

A: 420 437 
: 422 440 
: 425 443 

.= 4&9 445‘ 
2 431 448 
- 433 451 
: 436 453 
: 438 456 
: 441 453 
; 444 462 
. 447 464 
: 449 467 
; 45; 459 
. 454 4724 
: 457 474 
: 460 478 
: 463 480 
455 433 

:.45a 455 
: 470 453 
3 Q73 490 
: 475 49: 
: 479 495 
: 451 499 

N5 434 551 
: 455 554 
; 459 505 
: 491 505 
: 495 512 
; 497 515 
: soo 517 
: 502 520 
: 505 522 

_: 507 5:5 
: 511 52a 
: 513 531 
: 515 533 
: 515 535 
; 521 535 
5 523 541 
: 525 543 
: 529 547 
: 532 549 
54534 552 
: 537 554 
: 539 557 
: 542 559 
I 545 553 
: 545 555 
: 550 553 
= 553 579 
: 555 573 
: 555 575 

_: 550 578 
2 554 551 '; 555 534 
I 559 54$ 

Z 535 553 
535 555 

: 402 
: 405 
j 407 
: 411 
7 413 
: 416 
: 418 
: 421 
: 423 
: 4:7 
: 429 
: 432 
2 434 
: 437 
: 439 

V: 443 
; 445 
: 448 
I 450 
: 453 
2 455 
: 458 
: 461 
: 464 
: 456 
: 469 
: 471 

V: 474 
V: 477 

: 480 
: 482 
: 4&5 
: 487 
: 490 
I 492 
. 496 
: 498 
: 591 
: 503 
: S06 

_: 508 
: 512x 
: 514 
: 517 
: 519 
: 522 
fi‘§Z£ 
= 524 
: 530 
: 533 
1 53$ 
: 538 
: 540 
: 543 
: 546 
: 549 
: 551 

. 

I 554 
: 556 
: 559 
I §$Z 
: 565 
: 567 
: 579 
: 572 
: 575 

_I 577 
:'581 
: 533 
I 5§§ 
588 

: 591 
E 5?? 
: 597 
: S99 
: 692 
: 694 
:‘607 
609 

= 513 
1 515 
:‘618 
: 620 
: 623 
I 525 
: 628 
531 
534 
6J§ 

: 639 

403 
423 

429 

‘ 75 

1144: 
1149: 
1154: 
1159: 

1169: 
1174: 
1179: 
1154: 
1189: 

11995 
1204: 

: 403 
: 405 
: 409 

_: 411 
: 414 
; 416 
: 419 
= 431 
: 424 
; 427 
: 430 
: 432 
= 435 
: 437 
:'440 

I: 443 
: 446 
:-448 

: 530 547 545 

: 537 555 535 
640 657 658

~



1206: 
1211: 
1216: 
122]: 
1226: 
1231: 
1236: 
1241: 
1246: 
1251: 
1256: 
1251: 
1Z§§= 
1271: 
1275: 

I 1151: 
1286: 
1291: 
1296: 
1301: 
1306: 
13111 
1316: 
1321: 
1326? 
1331: 
1336: 
1341: 
1346: 
1351: 
1354; 
1361: 
1366: 
1311i 
1376: 
1381: 
1386: 
1391: 
1396: 
‘1401: 
1406; 

640 656 641 
643 660 661 
645 663 646 
649 666 667 
651 669 652 
654 671 672 
555 574 557 
659 676 677 
661 679 662 
555 55? 533 
667 685 666 
670 667 666 azsw M3 
675 692 693 
677 695 676 
581 593 §?3 
663 791 664 
666 703 704 
589 70$ 59? 
691 766 709 
693 711 694 
696 713 714 
699 717 700 
702 719 726 
704 722 795 
707 724 725 
709 727 710 n27n no 
715 733 716 
716 735 736 
726 736 721 
723 740 741 
725 743 726 
72§ 74} 745 
730 746 731 
734 751 752 
736 754 737 
739 756 757 
741 759 742 
744 761 762 
746 764 747 

1207: 
1212: 
"1217: 
1222: 
1227: 
139?! 
1237: 
1242: 
1247: 
1252: 
1257: 
12521 
1257: 
1272: 
1277: 
125?: 
1287: 
‘I292: 
1297: 
1302: 
130]: 
1312: 
1317: 
1322: 
132]: 
1332: 
1337: 
134Z¢ 
1347: 
135?! 
1357: 
1362: 
1357= 
1372: 
1377: 
1382: 
1387: 
1392: 
1397: 
1402: 
1407: 

541 
643 
647 
649 
652 
654 
657 
659 
552 
665 
666 
Q70 
673 
675 
675 
531 
664 
686 
669 
691 
§94 
696 
700 
702 
795 
797 
710 
712 
716 
716 
721 
723 
725 
726 
732 
734 
737 
739 
742 
744 
747 

ELEMENT HvpnApL1c CUNOUCTIVITIES 

uvon4uL. 
ELEMENT (HORZ. 

1: .1063:-64 
4: .1000:-o4 
7: .1000E-D4 

19: .1003:-94 
13: .1966:-o4 
16: .1000E-O4 
19: .l000E-04 
22; .1990:-94 
25; .1oooc-o4 
28: .1000E-04 
31: .496gc+o2 
34: .1906:-o4 
37: .1000E-04 
40: .1639:-o4 
43: .1066:-o4 
46: .100DE-04 
49: .1999:-o4 
52: .1000E~04 
55: .1000E~04 
58: ~.4ooqg+o2 
61: .4opq;+o2 
64: .4000E+02 
67: :1ouo:~o4 
76: .19g6£~o4 
73: .1009:-o4 
76: .1ooo£~o4 
79: .1000:-a4 
62: .1009:-o4 
65: ,4oog;+o2 
66: .4ooa£+o2 
91: .4oop£+o2 
94:’ .5ooo2+o2 
97: :1oo6E-o4 

1oo: :1ouo:-o4 
103: .1060:-o4 
106: .1000E-04 
139: .1066:-p4 
112; .1006;-o4 
115: .4DO0E+02 
118: .4ooo;+q2 
121: ,1qoo2=q1 
124: .1uoo2=o1 

9910- 
VERT.) 

-JQ99E'°§ 
.1000:-o5 
-1600:-o5 
-l999§'°§ 
.1006:-o5 
.1oooz-o5 
.1000E-05 
.1009:-o5 
.1000E-05 
.1000E-05 
.7oq9£+o; 
.1000Ea05 
.1000E-05 
.1000£-05 
.1ooo2-os 
,1ouu:-us 
-19095'°§ 
.1oou:-o5 
.1000E-05 
.7oogs+o2 
.7ooag+o2 
.7oooe+o2 
.1ooo£-as 
.l000E-05 

.1aoog-o5 

.1po9E-05 

.7ooo:+o2 

.7ooo2+o2 

.7ooo2+oz 

.14°9§#01 
:1oopg-05 
.1000:-cs 
.1ooo:=o5 
.1000:-05 
:1Q°°§-95 
.1000:-05 
.7ooo:+o2 
.7qoo;+qg 
.1ooog:o2 
.1900:-oz 

$58 659 129E 
661 644 1213: 
664 665 1218: 
657 650 1223: 
669 E70 1228: 
672 655 1 1233: 
674 675 1238: 
677 660 1243: 
679 650 1248: 
683 666 1253: 
685 686‘ 1258 
688 671 1263: 
690 691 1268: 
693 676 1273: 
595 €95 1ZZQ= 
699 652 1283: 
701 702 1288: 
799 657 12931 
706 707 1298: 
709 692, 1303: 
7!! 71? 13°3= 
714 697 1313: 
717 718 1318: 
729 703 12?3= 
722 723 1328: 
726.708 -1333: 
727 723 1333i 
730 713 1343: 
733 734 1340: 
Z3§ 71? 1353: 
738 739 1358: 
741 724 1363: 
743 744 1368: 
746 729 1373: 
749 750 1378: 
752 735 1383: 
754 755 1388: 
757 740 1393: 
759 Z60 1333: 
752 745 1493: 
764 765 1408: 

(ftld) 

ELEMENT 

2: 
5: 
8: 

11; 
14: 
17: 
29: 
23: 
26: 
29: 
32: 
35: 
38: 
41: 
44: 
47: 
50: 
53: 
56: 
59: 
62: 
65: 
68: 
71: 
74: 
77: 
80: 
83: 
86: 
89: 
92: 
95: 
98: 

101: 
104: 
107: 
110: 
113: 
116: 
119: 
122: 
125: 

: 641 659 642 
644 661 662 
557 665 545 
650 667 668 
652 670 653 
555 57? 573 
657 675 658 

€62 €59 553 
666 683 664 

: 666 666 669 
671 666 669 
673 691 674 
676 693 694 
615 595 E79 
662 699 700 
664 702 665 
597 794 705 
689 7o7 690 
692 709 719 
524 71? 595 
698 715 716 
70a 718 701 
793 729 721 
705 723 706 
709 725 726 

713 739 731 
716 734 717 
719 736 737 
721 739 722 
724 741 742 
726 744'727 
729 746 747 
732 759 733 
735 752 753 
797 755 793 
746 757 756 
7!? 759 743 
745 762 763 
747 765 746 

HYORAUL. 
(HORZ. 

.1000:-o4 

.1000E-04 

.1000E-04 
mos:-04 
.1000£-04 
.1ooo6-o4 
.1000E-04 
.1000E-O4 
.1oou&-o4 
-999QE*9Z 
.4ooo:+o2 
.1000E-04 
.1960;-o4 
.1000:-04 
.1000E-04 
-1999§'D4 
.1000:-o4 
.1600:-64 
.1000E-04 
.4ooo:+o2 
.4ooo£+o2 
.1030:-o4 
:J99QF'°4 
.1oo6:~o4 
.1600:-o4 
.1090:-o4 
.1699:-o4 
.1000E-04 
.4oooE+o2 
.4ooo:+o2 
-4°99§*°Z 
.5pogg+oz 
.1000:-04 
.1060:-64 
.1600;-o4 
-10905704 
.1000£-04 
.4ouoe+o2 
.4ouoE+o2 
.4oop:+o2 
.1000;-o1 
.5oou:+o2 

660 677 678. 

710 723 711
_ 

conb. 
V291.) 

176 

.1030:-05 

.1000E-05 
-10!9§'°§ 
.1ouqg=o5 
.1DO0E-05 
.1000:-as 
-1909E'°§ 
.1OUOE-05 
.1000:-05 
-7999E*9? 
.7ouo:+o2 
.1000E-05 
-1999E'°5 
.1606:-o5 
.1000:-as 
.1999:-o5 
.1000:-o5 
.1000:-o5 
.-1°09F'°5 
.7ooog+o2 
.7ooos+o2 
.1000:-o5 
.1996:-o5 
.1uoo£»o5 
.1000E-05. 
.1066;-cs 
.1opg;4q5 
.1000E-O5 
.7000E+02 
.7ooo§+o2 
.7000E+Q2 
.14oo:+o1 
.1000:-o5 
.1ooo:>o5 
.1oupg;q5 
.1ooo::o5 
.1ooo:5o5 
.7uooE+o2 
.7oooE+o2 
,7qoog+q2. 
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1402: ._5_000£+o2 ..1400:+_0_1 1_40_3_: .50002+o2 .-14006_+o1 1404: .5000:+02 .1400E+01 
1405: ..50'00£+02 ..1400E+01 1406: .5000E+02 .14006+o1 1407: .50DOE4-Q? .1400E+.0l 
1408‘: .5000E+02 .1400E+01 

stun: ELEMENT GRID 5014147181 

11011869 or 00065 765 
NU_H8ER or "ELEMENTS 140,8 . 

,
, 

2511111160 81100111018 19 . 4_ 

NMSER or cousmn-«:40 N00'£‘s 2'4 -

3 
NUMBER OF DEGREES or FREEDOM 741 .1 

FINAL BANDIHDTH 
_ 

19 «

1 

smnv--sms ~1«v01uuL1c 11:40 0ISTRIBUTION(f_eet above an 86:06‘) 

NODE_ TOTAL-HEAD MODE 
1 

1017_11-.m0 ~00: T'OTAL-HEAD 800: 10141-11610 NUDE TOTAL-HEKD .
a 

1 6085.871 2 6085.936 3 6086.131 4' 6086.457 5 6086,2917 
6 6087.513 7 6088.249 8 6089.130 9 6090.161 . 10 6091.;34_9 

11 6092.703 ' 

12 6094.230 13 6095.942 14 6097.850 .15 6_0_99.973 
16 60__99.98_0 17 6100.000 18 6072.017 19 6072.039 . 20 6072.106 .; 

21 6072.217 22 6072.372 23 /6072.568 24 6072.805 25 6073.081 -
> 

26 6073.394 27 6073.740 28 6074.117 29 6074.520 30 60742946

81



375 
351 

391 
395 
401 
405 
411 
415 
421 
425 
431 
435 
441 
445 
451 
4fi§ 
451 
466 
471 
475 

5745.455 
5555.055 
5555.151 
5504.152 
5549.434 
5550.274 
5529.522 
5525.000 
5571.535 
5499.234 
5499.719 
5550.941 
5495.295 
5457.545 
5513.257 
5454.325 
.5413.134 
5414.555 
5442.030 
5354.541 
5354.745 
5370.570 
5333-197 
5294.924 
5295.000 
5235-517 
5234.952 
5234.992 
5225.454 
5155.595 
5174.995 
5157.247 
5140.344 
5114.995 

' 

5114.999 
§9§§-033 
5054.985 
5054.957 
5914-432 
5002.870 
-4994.909 
4995.000 
4941.795 
4934.518 
4934.790 
4572.415 
4572.599 
4573.155 
4501.211 
4502.319 
4804-€07 
4511.953 
4730.001 
47125594 
4713.539 
4555.797 
4530.575 
4§1‘s557 
4515.000 
4051.552 
4514.571 
4514.595 
3575.432 
4307.101 
4415.057 
3504.220 
4905-599 
4315.290 
4315.290 
3733.102 
4315-327 
4215.493 
3551.755 
3234-11? 
4115.597 
4115.597. 

432 
437 
442 
447 
452 
457 
452 
457 
472 
477 

5074.973 
50455554 
5049.242 
5049.559 
5019.530 
5020.155 
5021.217 
5022.571 
59734551 
5950.591 
5951.255 
59279575 
5927.253 
5795.225 
5750.000 
5888.085‘ 
5792.495 
5603-664 
5550.175 
5142-990 
553011§9 
5704.590 
5535.141 
5499.245 
5499.551 
5550.953 
5452.154 
5455.753 
5513.270 
5964-§§§ 
5413.254 
5415.000 
5941-9&7 
5354.595 
5354.524 
537°-879 
5314.025 
5294.934 
5259-5§Z 
5273.932 
5234.953 
5334-995 
Z . 

5175.006 
5174.997 
§1§].247 
5131.897 
5114.995 
5119.000 
5079.823 
5054.979 
5055-991 
.5014.532 
4995.555 
4994.921 
4943.625 
4939.971 
4934.530 
4934.592 
4572.415 
4572.591 
4573.540 
4501.211 
4502.925 
4505.199 
4515.000 
4725.501 
4712.705 
4713.974 
4555.797 
4522.775 
4514.514 
3945.541 
4175.937 
4514.572 

'4514.901 
3575.539 
4414.977 
4415.055 
3504.220 
4110.542 
4315.290 
4315.290 
3529.551 
4215.493 
4215.493 
3551.755 
"92€-351 
4115.597 
3590.559 476 

9 

5074.957 
5045.730 
5049.425 
5049.905 
5019.555 
5020.450 
5921-Z49 
5025.000 

5294.947 
5299.662‘ 
5260.982 
5214-989 
5235.000 
5217.757 
5174.995 
5174-998 
5157.247 
5123.450 
$114-996 
5056.039 
5073.613 
5954-979 
5054.995 
5014.828 
4994.902 
4994.937 
4943.525 
4938.148 
4934.555 
4915.000 
4872.445 
4872.707 
4873.975 
4501.211 
4503.595 
4806.202 
4730.004 
4723.013 
4712.759 
4714.470 
4059.110 
4614.979 
4614.691 
3946.041 
4289-074 
4514.076 
4514.903 
3983.441 
4415.006 
4415.088 
3004.220 
4213.015 
4315.290 
3733.006 
3926.020 
4215.493 
4215.493 
3551.579 
4115.505 
4115.697 
3590.569 

82 

5075.000 
5045.522 
€949-§?3 
5049.922 
5019.532 
5020.754 
6921-£55 
5979.597 
5950.311 
5950.774 

-5923.054 
5927.447 
5927-317 
5735.935 
5555.051 
§§§3-125 
5502.395 
5500.000 
5550.240 
5525.000 
5529-195 
5704.552 
5559.545 
5499.440 
5550.590 
5530.205 
5450.217 
5472.425 
5513.292 
5423.557 
5413.777 
5442.070 
5395.323 
5354.537 
5355.000 
.§371.471 
5294.915 
5294.953 
5299.552 
5247-997 
5234.955 
5225.454 
5207.070 
-51741995 
5174.999 
5157.238 

4572.454 
4572.751 
4374-479 
4501.212 
4504.355 
4507.541 
4730.004 
4719.547 
4712.920 
4715.000 
4545.429 
4514.510 
4514.754 
3945.541 
4401.705 
4514.832 
3575.432 
4091.335 
4415.057 
4415.059 
3504.322 
%31§al55 
4315.290 
3733.005 
4022.479 
4215.493 
4215.493 
-3752.524 
4115.597 
4115-997 
3590.559 

‘39 
435 
440 
445 
450 
555 
450 
455 
‘79 
475 
450 

5045.511 
5045.935 
5049.559 
5049.959 
5019.759 
9021-173 
5021.315 
5979.525 
5980-574 
5950.505 
5925.000 
5921-241 
5927.329 
5742.425 
5899-044 
5555.153 
5503.475 

5514.344 
5455.707 
5475.000 
5503.555 
5413.095 
5414.140 
5442.070 
53759495 
5354.555 
5370.570 
53531339 
5294.915 
5294.951 
5199-§§9 
5234.995 
5234.959 
5223-‘$4 
5195.353 
5174.995 
5175.000 
5145.791 
5114.995 . 

5114.995 
5955-939 
5051.194 
5054.953 

4994.975 
4943.523 
4934.515 
4934.595 
4572.415 
4572.532 
4372-92? 
4575.000 
4501.755 
4504.411 
4509.551 
4730.004 
4775.197 
4713.153 
4555.797 
4599.092‘ 
4514.522 
4514.559 
3945.455 
4514.237 
4514.809

' 

3575.432 
4199.222 
4415.057 
4415.059 
3905.495 . 

4315.290 
4315.290 
3733.005 
4115.935 
4215.493 
3551.755 
3543.370 
4115.597 

'4115.597 
3590.554

~



‘NIIIIII

’ 

lllllln 

7lIIIII' 

451 
456 
491 
495 
501 
505 
511 
516 
521 
526 
531 
536 
541 
546 
551 
555 
561 
555 
571 
576 
551 
555 

, 591 
596 
601 
505 
611 
616-‘ 
521 
525 
531 
635 
541 
_545 
551 
555 
551 
555 
571 
575 
551 
555 
591 
595 
701 
705 
711 
715 
721 
725 
731 

. 735 
741 
745 
751 
755 
751 

I30)! ‘32 

Roi 29 

R0! 28 

ROM 27 

ROM 26 

RON 25 

009324 

3575.555 
4015.901 
4015.901 
3519.347 
3536-705 
3915.105 
3445.123 
3595.413 
3515.311 
3515.311 
3375.955 
3715.449 
3715.517 
33°§:§59 -

‘ 

3492.259 
3515.723 
3515.723 
3290.970 
3515.929 
"3515.930 
3153.205 
3355.497 
3417.135 
3091.975 
3092.705 
3317:33? 

. 
3317.354 
3044.747 
3192.595 
3217.505 
2945.559 
3047.917 
3117.215 
3119.357 
2925-Z99~ 
'3030.209 
3030.525 
2551.371 
.2925.054 
2943.592 
2502.057 
2523.574 
2555.530 
2557.151 
?75Ze$57 
2762,37? . 

2772.255 
2707.355 
2707.355 
2705.125 
2705.015 
Z559-733 
2554.090 
2542.757 
2530.310 
2524.525 
2575.423 

VELOCITY FIELD (feet/day) 

452 
457 
492 
457 
502 
»507 
512 
517 
522 
527 
532 
537 
§4Z - 

547 
552 

. 557 
552 
557 
572 
577 
552 
557 
532 
597 
502 
691 
512 
517 
522 
527 
532 
537 
543 
647 
5§Z 
657 
552 
557 
€73 
577 
532 
5&7 
592 
597 
792 
707 
712 
717 
732 
727 
732 
737 
742 
747 
752 
757 
752 

COLUMN: 1 

0052:‘ .4509:+00 
VERT1 -.3122£-01 

HORZ: .4505£+00 
VERT: -.2055:-01' 

5092: .4505E+00 
VERT;. -.1041£-01 

H052: .4509E+00 
VERT: -.2057:-01 

H052: .1202:-05 
VERT: -.4715:-05 

H022: .1101;-05 
VERT: -.4470:-05 

HQRZ: .1101:-05 
vent: -.4241: 05 

H051: .1010:-05 
VERT: -.1490:-05 

HOR2: .1010£=05 
VERT: -.3504:-05 

3750.719 
4015.901 
4015.901 
3§19-42§ 
3916.027_- 
3916.106 

3515.723 
3234.439 
3347.445 
3515.929 
3515.930 
3153.259 
3417~°QI 
3417.137 
3091.975 
3311.555 

v3317.335 
3317.355 
3055.950 
3217.375 
3217.555 
2945.550 
3050.722 3u50p 
2900.345 
2952.253 
3°39-Z39 
.3030.555 
2551.372 
2943.493 
—2943.519 
2502.057 
2934.217 
2555.590 
2557.205 
Z752-€73 
2755.350 
2773.051 

"Z7°7-3§5 
2707.575 
2700.133 
2559.771 
2559.711 
2551.502 
2541.311 
2530.271 
2915-451 
2553.453

2 

.4509:+00‘ 
-.20555-01 

.4815E+O0 
-.6440E-Q1 

.4815E+00 
-.20B7E-01 

.45l9E+00 
-.5fi88E-01 

.4519E+00 
-.31295-01 

.4515;+0o 
-.2505:-01 

~4§l§E+00 
-.1043:-01 

.4a20£+00 
-.z455£.01 

’.1205E-05 
-.9475:-07 

453 
455 
493 
495 
503 
505 
513 
515 
523 
.525 
533 
535 
543 
548 
553 
555 
563_ 
555 
573 
528 
553 
559 
523 
595 
503 
505 
513 
515 

.5012£+00 
-.1255:~02 

.6586{+0O 
-.7558E-01 

.6566E+00 
-.1138E-02 

.6871E+O0 
-.3B04E-01 

.5497E+O0 
-.2606E-01 

-ss90:+9o - 

-.513SE-01 

.s500£+0o 
5.Z458E-01 

-5505:+00 
-.7514:-01 

.5505:+00 
-.3575:-01 - 

.~2773 

.-2530 

3545. 
4015; 
4015. 
'359B. 
3915. 
3916. 
"3443- 
3742: 
.3315. 
3375. 
35125 
3716. 
‘371§. 
33051 
3616. 
3516. 
32342 
3403. 
3515. 
3515; 
3213. 
3417. 
3417. 
3091. 

- 3313. 
3341! 
3020. 
3093. 
3317. 
3217: 
2948. 
3113. 
31194 

751 
901 
901 
745 
105 
105 
123 
529 
311 
597 
755 
517 
517 
731 
551 
723 
439 
922. 
930 
930 
503 
135 
137 
975 
115 
342 
742 
511 
415 
555 
545 
475 
515 

2900.348 
2978. Z13 
3030.354 
3030. 
Z869. 
Z943; 
Z943. 
2802. 
15455 
2856. 
Z752. 
‘Z752: 
2757. 

2707. 
2707 
2705. 
2559. 
2559 
2549 
2540. 

2610. 
2545. 

.2405: 
-.7555: 

.2393E 
-.60S4E 

.4759E 
'{7335E' 

<33§9E 
.6415E- 

.33551- 
-.1073:- 

.l945E- 

.6567E- 

.7782E 

.4106E 

579 
791 
510 
540 
057 
405 
553 
572 
502 
757 
.515 
357 
.797 
107 
769 
.554 
.409 
697 
.215 
.575 
754

4 

#01 
-01 

+01 
-01 

.23932+01 - 

-.3504: .01. 

.2379E+01 
-$2044E- 01 

-03 
05 

.g3 
03 

02 
05 

D3 
03 

+00 
-01 

83 

454 
459 
494 
499 
594 
509 
514 
519 
524 
529 
534 
539 
544 
549 
554 
559 
5§4 
559 
574 
57? 
584 
559 
594 
599 
504 
509 
514 
519 
524 
529 

539 
944 
649 
554 
959 
564 
559 
674 
579 
554 
€89 
594 
599 - 

704 
709 
714 A 

719 
724 
729 
734 
739 
744 
749 
754 
759 
764

5 

.4Z08E+0I 
-.6054E-01 

.4245:+01 
-.1093:+o0 

.4245:+01 
-.2044:-01 

.432a£+01 
-.12535+00 

.5555:-03 

.5415:-03 

-1035:-oz" 
-.1442:-03 

-1035i-0? 
.5557:-03 

.1188E-02 
-.4&36E-04 

.l188E-OZ 
-.2211E-05 

3930.754 
4915-901 
3519.347 
3575.055 
3915.105 
3915.105 
3445.195 

, 3316.253 
3515.311 
3375.597 
355°-555 
3715.517 
3715.517 
3357.917 
3515.723 
3515.723 

.3234.439 
3450.395 
3515.930 
31§§-39§ 
3254.555 
3417.135 
3417.137 
0092.035 
3315.599 
3317.347 
3020.742 
3143.253 
3217-477 
3217.599 
2951.993 
3114.915 
3179-033 
2900.345 
3004.152 
3030.475 
2551.371 

’ 2888.213 

2707.955 
2705.057 
2559.752 
2555.075 
2547.005 
2530.342 
2530.145 
2591r5Z3 
2524.531 

6
. 

.3507E+01 
-.1093E+O0 

.3462E*01 

.7804E-01 
’ 

.3452£+01 
-.1253:+00 

.3332£+01 

.4217:-01 

.3332:+01 
7-.2019a+00 

-31595*91 
.5955:-02 

.31&95+01 
-.54905-01 

.3135£+01 
-.21035-01 

.6270E-03 

.1431E-02 

455 ‘ 4015.515 
490 4°}5-301 
495 3519.347 
500 3757.355 
505 3915.105 
510 3915.105 
515 3521.905 
520 3515.311 
525 3515.311 
530 3375.597 
535 3543v55Z 
540 3715.517 
545 3305.559 
550 3430.103 
555 3515.723 
550 3515.723 
§§5 3334-495‘ 
570 3515.573 
.575 3515.930 
550 3153.205 
555 -3315.724 
590 3417.135 
595 3417.137 
50° 3°9Z3Z6Z 
5057 3317.330- 
510 3317.351 
515 3020.742 
520 ’3155.215 
525 3217.544 
530 2945.572 
535 3014.992 
540 3115.195 
545 11192275 
550 2900.345 
655 3030-163 
550 3030.551 
555 2551.371 
570 2905.537 
575 ' Z94l=5§3 
550 . 2943.559 
555 -2512.553 
59° 2556.399 
595 2557.110 
700 2752.570 
705 2755.595 
710 2771.172 
715 2707.355 
720 2707.353 
725 Z7°§~Q75 
730 2705.032 
0735 2559.750 
740 ‘2555,2g0 
745 2544.733 
750 2530.334 
755 2530.055 
750 2591-925 
755 2500.000

7 

.l803E40l 

.75045.01 

.1a05E+01 

.7522:-01 

.1505£+01 

.4217:-01 

}1798E+01 
.5152E-01 

" .1795E+01 
.8966E-02 

4 

-.17a3E+01 
i.27915-01 

.1753:401 
-.2103:-01 

.1753:+01 

.5153:-02 

.17532+01 
-.3359:-01 

.5012:900 

.7522;-01 

.6634E+00 
-.4335:-02 

.6634E+00 

.515ZE-01 

. 
.70575+00 
-.4415:-02 

.7057E+00 
.2791:-01 

.7317:}00 
-.4435:-02 

-Z3l7E+Q9 
..5153:~02 

;73B9E+D0 
-.4230E-02 

.7339E+00 
-.1701E-01 

.5012;+00 
-.4335:-02 

.5595:+00 
A--.5000:-01 

.6596E+00 
-.4415:-02 

.705BE+00 
-.6416E-O1 

.705BE+O0 
-.4436E-02 

.7412§?00 
-.5015:-01 

-Z41Z£+0° 
-.4230:=02 

.7570:+o0 
-.3751:-01 

.7670E+00 
-.3$23E-02



Row 

Row 

Row 

Row 

R0! 

ROI 

how 

RON 

aoi 

Rdi 

Ron 

nbu 

ROE. 

now 

non 

nou 

R0! 

ROH 

RQN 

RON 

RON 

RON 

EON 

RON 

RON- 

apu 

ROW 

as 

HORZ: .9419:-as 
year: -.9475:-o7 

nonz:v .9479:-as 
VERT: -.3394:-as 

HDRZ: .5939:-os 
VERT: -.a9so:-o7 

Hoaz: .3939:-os 
VERT: -.3007:-as 

HORZ: .e4s§E- 
year: -.3370:-o7 

uonz: .5459:-as 
vznr: -.2s4a£-as 

Honzé .3054:-as 
VERT: -.7594:-o7 

nonz: .3054:-os 
VERT: -.2291:-os 

HORZ: - .7713;-as 
VERT: -.6944:-o7 

HORZ: .7713:-os 
VERT: --1957:-as 

_ Hbfiz; .742§£~o5 
VERY: -.6l34E-07 

aouz: .7425:-os 
VERT: -.1535:-05 

ugai; 
’ 

.71§§g-as 
veer: -.5272:-o7 

H9RZ= -Jléfii-06 
veer: -.1325:-as 

‘H931: .5995:-as 
vzar: -.4355:-or 

udnz: .69gs£-as 
vsar: -.1022:-as 

u931: .se4g£-op 
vsar: -.3430:-o7 

non}; .5a49g-as 
VERY: -.7254:-o7 

uqaz; .s74s:»os 
VERT: -.Z46BE~07 

aqnz: .6745:-06 
VERY: -.4335:-o7 

Hang: .6583:-os 
vgnr; -.14aa:-o7 

HQR1: .5553;-as 
VERT: --1442:-o7 

Honz; .5553:-no 
VERT: -.4971:-as 

COLUMN: 10 

flORZ: .144;g+o) 
vzar: -.3000:-01 

H9RZ= -1§9Z£+01 
vanr; -.1334:-o1 

uoxz: .13s2:+o1 
VERI: -.5415:-o1 

nonz: .x3s2£+o1 
VERT: -.1292:-o1_ 

nonz: .1§§g;+o; 
VERT: -.5013:-o1 

nqxz: .1ggz:+o; 
VERT: =.11s1:-o1 

.l186E-05 
-.5109E-08 

.1186E-05 
-.8960E-07 

.1167E-05 
-.l704E-08 

.1167E-05 
-.B370E-07 

.1159E-05 
~.5o1q:-o7 

.1159é-as 
-.7694:-o7 

.1153E-05 
'.4564E-07 

.1153E-05 
-.6944E-07 

.1146E-05 
-,41X7E-07 

.1145E-05 
-.6I34E-07 

. .1141:-05 
-.3E37E~07 

.1141:-as 
.-s27z£-o7 
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.137os+o1 .137o:+o1 

.4692:-o7 _.3449E-or 

-1JZ°E*9! -1§79§*91 
.3449:=o7 .2215: or _ 

25 . 25 

.24oo:+o1 .2aou:+o1' 
-.3995:-os -.4213:-as 

..24dq:+o; .g4ooE+d1 
-.4213:-as -.1717:-as 

-z49o:+o1 .é4oo:+q1 
-.1039:-o4 -,;2;os=os 

.144s;+o1 
-.49ss:sq3 

.14SOEf01 
-.23se:=q2 

:1450E+01 
::3733E-03 

.145i:+o1 
-.1775:-oz 

.1451E+01 
-.Z316E-03 

.l452E+01 
~.l099E-D2 

.1452E+D1 
-.7845E-04 

V 
.1452:+o1 

-;37z1£-as 

.2904E-03 

.727OE-O7 

.2§O4E-O3 
-.3466E-O7 

.2904E*D5 

.B352E-D6 

.3bos:-as 

.4029:-os‘ 

.3009E-05 

.8855E-06 

.311§:-as 

.40l1E'06 

;3l13f~D5 
' .8§57f-06 

.321iE-as 

.4051:-as 

'.;2;7£-05 
.3353:-as 

:3§21E-95 
.4057:-os 

.3321E-05 

.8fl§9E-O6 

-3424[-05 
.4Q60E'Q5 

.3424:¥a3 

.3555:-07 

.3425:-an 

.4051:-o7 

.137DE+0l 

.6633E-07 

.1370E+D1 

.3046E-07 

.1370E+01 

.22l5E-07 

.1a7ot+o1 

.1015:-o7 

27 

.2£00E+01 
-;l7l7E-06 

.2400E+01 
-.1454E-06 

:Z4DQE+01 
-.51l3E-06

~



'ROfl 12 Hflfili .3}56E-O5 .§34BErQ§ ;4010§-Q5 .42]4E-05 .8Z}4E-05 .$321§-O5 .{250E-OS ‘.&2§O§-05 }fi2§9E-Q5 

.nou 1 nonz: .i37o£+o1 .137o:+o1 -.1s7o:+o1 .x37o:+q1 .13jo;+og 4L370E+O1 ix37a:+q1 ,137p§+q1 .1a]9g+q1 

R0! 29 HDRZ: ;146ZE+O1 .1S49E+O1 .229BE+01 .Z385E+Ol .2402E+01 ..2400E401 .240OE+O1 .Z400E+01 .Z40OE+01 
VEBT: '-.1541E-0! ~.7564E-01 -.1542!-O1 -.325ZE-02 -.l655E-03 -.1D89E-04 -.1210E-05 -.5113E-06 -g4359§-OS 

ROI 28 HORZ: .146Z§+01 .154SE+O1 .Z298E$01 .2385E+O1 I240ZE+0l .Z50DE+01 .2400E+01 .240DE+O1 .Z400E+01 
VERT: -.2B4SE-02 2.13535-01 -.5943E-01 -.1354E-01 -42889!-OZ -.208ZE-03 -.153SE-04 -;1847E-05 -58&04E-06

« 

R0! 27. HORZ: .1471E+01 -1§85E+01 .2Z63E+01 .2377E*01 .Z40OE+01 -2400E+O1 .2400E+01 .2400E+01 .2400E+01 
VERT: -.1353E-01 -.5943E’0l -.J354E—D1 -.Z889Er02 -.2082E'03 -.1535E-D4 

_ 
-.I847E-05 -.B404E-06 -.7Z56E-06 

ROM 26 HORZ: .147]E+01 .]585E+01 .22s3£+o1 .z3z7§+61 ,g4oaE+o1 .24ooE+d1 .z4oo£+o1 - ,24oo;+p1 €g4opg+d1 
VERT: -.2368E-02 -.11n5E-01 =.447s£-o1 -.1107:-01 -.2392:-oz -.2093:-03 '-.1saz£»o4 -.2275:-as -.1155:-as 

now 25 ,agRz: .1477:+o1 .1611E+01 ,gg37;+q; .2a7o§+91 ;;3§§E+01 .g4uo;+o; .z4qo§¢o1 ,24oo;+91 
VERT: -.1105:-o1 -.4475:-o1 -.1107:-ox -.2392:-oz -.2093:-as -.1552:-no -.2276E-05 -.11ssE=os -.1014:-as 

ab! 24 agar: ,1477:+o1 .1611E+01 .2z37é+o1 .z37o:+q1. .z39a:+o1 .z4ao:+o1 .z4oo;+o1 ,g4oot+d1 ,z4ooE+o1 
VERT:v -.1775:-oz ~.a17s:-oz -.3123:-o1 -.a1ao£-oz -.1786E-02. -.1772:-o3 V-.1531:-an -.24au:;o5 -.1453:-as 

RON 23 HORI: .l482E+O1 w1628E+°1 .2219E+U1 .2365E¢01 .2397E+O1 .2400E+D1 .2KO0E+01 .2400E+51 .2400E+0l 
VERT: -.8175E-02 -.31ZDE-01 -,B180E-02 -.l7B6Er0Z -.1772E-03 'mI531E'04 -.2480E-O5 -.I453E-05 -.l3OZE-05

. 

ROM 22 HDRZ: .1452E+O1 .1628E+D1 .2219E+D1 .2365E+01 .Z397E+0I .2400E+O1 .2400E+01 .2400E¥0l .Z400E+0l
5 

VEfiT: -.1099E:0Z -.5011!-Q2 -.1B42E-01 -.50l4E-02 -.1100E-02 -.I2U8E-03 -.1130E-04 -.2487E-05 -41Z36E-05 

R0! 21 HORZ: .1485E+01 .l63§E+O1 .2209E+01 .236ZE+01 .2396E+01 .2400E+01 .2400E+O1 .240OE+0l .24DOE+0i 
VERT: -.50!1E-02 -.1642E-01 -.5014E-02 -;1100E-02 -.12D8E-03 aI13°E‘°4 .2487E-05 -.173GE-05 -.1538E-05 

ROM 20 Hbkl: .1485E+01 .1639E+01 .2209E+01 .Z36?E+Ul .2396E+0l .2400E+0I .2400E+01 .Z40OE+0l ;2400E+01 
VERT: -.37Z1E-03 -.1688E-02 -.5094Ef02 -.15B9E-02 -.3655E-03 .4995E-04 -.5G14E-05 -.2359E-05 -.Z009E-OS 

now 19 Honz: .14sss+o1 .1s42£+o1 .22o5E+o1 ,_ .23s1£+o1 .239s:+o1 .z399:+o1 .a4out+o1 .24ooE+o1 .24oo5+o1 
VERT: -.1555:-oz -.6094:-oz -.1539: oz -.3sss:~o3 -.1995:-on .ss14£~os '».2a59£-as -.2009:-as -.1374:-as 

RON 1a HORZ: .2973:-as ‘.3235:-oz .441o:»q3 £4723:-03 .zggs§-os .4799£:o3 ;4aoo;;o3 .4aoo;=o3 ;4soo:-o3 
VERT: -.3455:-o7 ~.3412£-05 -.1232:-us ~.239sE-as .5212:-o7 .14oa:>o4 -.z425£-us -.2271:-as -.2144:-as 

now 17 NOR}; .2973:-on .3235:-as .44o5§=q3 .¢sg9g-03 .z¢2gg-cs .4774:-o3 .4799: as .4799: as .4799:-63 
vznw: ..341z5-os -.1232:-os -.2395:-as .1042:-on -.7033:-o7 .2425:-as -.2271:-os -.2144:-as -.zo17csos 

now 15 nokz: .2973:-us .3285:-as .£4oa;-os .4559:-os .2422:-os .4774E=os .4799E=os .4799g—o5 .4799:-as 
VERT: .4029:-us ~.2o42£~o7 -.1sss£;oe .7554:-as .8662E-06 .Z50lEr04 -.z391£=u4 -.2271:-04 -.2144:-04 

Row 15 noaz: .3055:-as .3319:-as .4Z08§t0§ .4459;-05 .s;1s§-cg .455o;:os .45z5:=d5 .4524E!05 .4524:-as 
vzav; ~.2o4ze-07 -.1685!-06 .7sa4::o5 .1732£-os -.1250:-no .2397:-on -.2271:-o4 -.2144:-n4 -.2o17E=o4 

R9! 14 H0823 .30é5E~05 .331}£”0S 442055-Q5 .448§£-05 .5316E-Q§' .45iOE-Q5 .452§§=Q5 .Q524E-Q5 .4§§4E-05 
VERT: .4041E-06 -.1493E-07 -.I493E=06 .7645E-06 .8781E-06 -.2503E-04 *.2397E‘04 ‘.227lE-04 -.2144E-04 

R0! 13 NOR]; .§1§GE-05 .3§48§~0§ ;4019E-Q5 .42]4E~0§ .8Z14E-05 ,4321£‘Q$ ,§Z59E-Q5 .Q25OE-Q5 .4250!-O5 
VERT: '*.1493E-07 -.1493E-06 .7645E-06 .1756E-05 -.1Z51E-04 '.2397E*O4 -.2Z7lE~O4 -.Z144E~04 -.2017E-04 

VERT: .4051:-as -.xo7a£-o7 -.1349:-os .7702:-os .9350E-O6 -.2514£=o4 -.2397:-o4 -.z271£-04 =.2144:-on 

now 11 HORZ: .3z4sE~n5 .3374;-as ;3a14£-as .4035:-as -1114:-oa .4069£-05 .3976E-O5 .3975:-as ;397§§-os 
VERT: -.l078E-07 -.1349&-os .7702:-as 

V 

.1370:-05 -.1257:-o4 -42397:-04 -£2271:-o4 -.2144:-on =;zo17:-04 

now 10 uqgz: .3zq§a~o5 .3374:-gs ;3a14£-qs .4935;-oi .1114:-04 .4069;-gs .3979:-as .397§g as ;3915E—QS 
VERT: .4057:-as =.7§E9E-ca -.1254£so5 .7750E-06 .1o37&-05 ~-.2535E=o4 '~.239eE=o4 =.Z271E-04 =.21I4E=o4 

ROI 9 HORZ: .3§35E-9§ .3§00E-Q3 53619£-05 .3]i§E-05 .14}Q§-04 :§77Z§-Q5 .370}E-Q5 .370fl§-05 ;J7p9E-Q5 
VERT: ~.7989E-08 -.1Z54E-06 .7750Ea06 ,2075E-05 -.1Z67E-04 -.239BE:O4 -.2Z7lE-04 -.Z144EsO4 *.2017E-04 

ROI 3 HQRZ: .3§§5E-Qfi .3§0OE-Q5 .3619E-05 .3755E-D5 .141QE-09 .317Z£-05 .370lE-05 .3700§:05 .3]O0§-05 
V§RT: .4060E~O6 -.6589E-08 *.1207E-06 .7779E-06 .1187E-05 j.2564E-04 -,2398Ez04 -;ZZ71EeO4 -.2144E-G4 

Row 7 HORZ: .3qgq:-95 .3425;-pg .3435;-as .34o9s-05 .1714:-o4 .3412; as ,34z5;-as .3425:-as .3425:-os 
vsar: -.5539: as -.1207:-as .7779:-os .2373:-as -.1232:-04 '§2398E'04 -4z271£—o4 -.z144t.o4 r.Z°17E104 

Row 5 uoaz: .3424:-0; .3425; on .3425:-03 .3409:-03 .1714:-04 .3412:-an ..342s:-as ;342s£-as .3425;-o3 
VERTi .aos1:-o7 -;seea£-o9 -;11a7:-o7 .6118E-07 -.3476E:07 ;34a9£ as -.23aa£-as -.2270:-cs -.2143:-as 

RUE 5 HORZ: .34Z5E-03 .34Z5£-03 .3425E-03 .3425E-D3 .1712E-04 .3425E-03 .3425E-03 .3425E-03 .3425E*03 
VERT: «.5388:-09 -.I1B7E-07 .6118!-07 -.6952E-05 .1735E-07 -.Z384E-05 -.2270E-O5 -.2]43E-05 -.20l6E-05 

nm4nm:.umw1.mmw1 nmmx umwx yum: umml uwm1 3mm; nwm1 
VERT: .3045:-o7 -.44uo£-as -.3595:-as .4453:-o7 -.1054:-os .aos1s>as -.1737:-as ~.17o3£-cs -.1507:-os 

R0} 3 H031: .1370E+Q1 
A 

.1J70£+O1 .l3]QE+01 .l370E+01 .1370E+02 g1379§fQ1 .l37QE+DI .137QE+01 .l3]QE+01 
VERT: -.4400E-O9 -.8B95E-D8 .4468E-07 -.1D64E-O4 .BQ51E-06 -.I7B7E‘05 r.l7OQEiD5 t.16°7EF05 -.l512E‘05 

R0! 2. HORZ: .1370£+01 ,1370£+01 .137OE+O1 .137DE+01 .1370E+02 ;1370E+01 .137OE401 .137DE¥01 .l37DE+0l 
VERT: .lO15E-O7 v.1500E-Q9 -.2965E-08 .1458E~07 'u3545E'°5 {Z6835-05 -.S952E-O6 -.5675E-06 -.5358E-06 

VERTE -.!500E-O9 -.Z965E-08 .1458?-07 -.3545E-05 .Z583E-06 -.5952E-06 -.5675E=06 '.53S§E-06 -.5031E*06 

copvnu: 25 
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31 
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29 
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Z4 

23 
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19 
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ID 

HORZ; .24oo£+o1 
VERT: -.1454:-as 

xonz: .24oh:+o1 
VERT: ‘\1:s1:-cs 

Honz: .24ooE+o1 
vsar: -.4359:-oe 

nonz: .24oo£+n2 
vznrg -.4052:-as 

Honz: .24oo£+o1 
vzar: ~.7256E-D6 

noazz .g§0o£+o1 
v:n1; -.s7s2a-do 

HORZ: .g4oo:+g; 
wear; -.1014:-os 

upnz: .2§QOE+g; 
VERT: -.9452:-os 

H9811 -2500E+91 
vsnyz -.13oz:=o5 

H931: .2€00E+91 
VERT: -.1215:-as 

HoRz= 
' 

sZ4°°§*91 
’ VERT: -.1553:-os 

“Q81: a2€°0E+91 
VERT: -.1455:-05 

nqgz: .2qoo:yo1 
vsnr: - 1:742:95 

Hoxz; .Z400E+0l 
vzar: -.1755:-os 

uonz: .¢799:-o3 
VERY: -.2017:-us 

nonz: .4799:-o3 
vznr; -.1390:-as 

.uonz: .4799:-as 
VERI: -.2017:-o4 

uonz: .4524:=o5 
VERT: -.1390:-o4 

HORL: .45;4;=os 
vsnr: -.2017:-04 

H9Rl=v -‘Z595-05 
VERY: -.1390:-on 

nonz: .4250:-os 
wear: a.zo17s-o4 

agkz: .39z5c<os 
VERT: -.1390:-o4 

nonz: .3925:-cs’ 
VERY: -.2017:-04 

uoxz: .37on:—os 
VERT: -.l890E-04 

HURZ; .3700E-05 
VERY: -.2017E-04 

HORZ: .3425E-05 
VERT: -.1B9DE-04 

nonz: ‘.a42s:~o3 
_VERY: -.2D16E-O5 

HORZ: ;$4§§E“Q3 
VERT: -.1B89E-05 

KORZ:r .l370E+D1 
VERT: -.1512E-05 

HORZ: .1370E+01' 
VERT: -.1417E-05 

.24oqc+o1 
-.135}:-as 

.;49d:+q1 
-.12'5‘9E-O6" 

.2aoo:+a; 
-.4052:-as 

.2boq£+o1 
-.3777:-os 

.z4oo:+o1 
~.6752E-06 

-ZA00E+01 
~.s295c>os 

.zgooE+o1 
-.9452EHn6 

.z4oog1o1 
-.3514;-os 

.24oo£¢u1 
=.1z1s:,os 

.Z49OEjQ1 
k.1133E-05 

.24on£+q1 
-.14B5E5O§ 

.Z400E+01 
:.]G65E-05 

.2400E+01 
-.l75SE-05 

.240dE+O1 
-.1637E-05 

.4799:-03 
-.1590:-05 

.4799;-0: 
-.1763E-D5 

.4799:-as 
-.1390:-04 

-45255-05 
-.1763E-O4 

-4524i-05 
-.1390:-ua 

.42sdE-os 
-.1763E-04 

.4250:-Us 
-.1e9o:7o4 

.3975:-os 
-.1753:-on 

.3975E-O5 
-.L39OE-O4 

.3700E-D5 
-.l763E~O4 

.3700E-05 
-.1890E-O4 

.3£26E=us 

.1763E-04 

.34zs;;q3 
-.1889£-05 

.§4Z5§-Q3 
-.1763E-05 

.l370E*01 
‘.1417E-05 

.1370E+q1 
-.1322:-os 

.24qo:+q1 
-.1259:=os 

-24QoE+Ql 
-.1169::os 

g2QO0E+Q1 
-.3777E'06 

_'.j'2_400 

-.3597:-as 

'sZ4°9E*91 
a.s29s£:os 

.24o9:+ox 
-.5345:-os 

.z4oo:+o1 
:.aa14£-as 

:2400E+01 
-.51&2£-O6 

.24oo:+o1 
-.1133:-os 

.2400EtO1 
-.1052:-as 

.2400E+01 
-.1385E-05 

.240OE+D1 
-.1285E-OS 

.240OE+d1 
~;1637E-05 

.24oq:+q1 
-.1519:-us 

,4799:-gs 
-.1763:-05 

.4199:-gs 
-.l636E-05 

.47g9:-gs 
-.1763:-04 

".9sz4t-as 
-.16§s:»o4 

.45Z4E-D5 
-.1763!-O4 

.4250E-05 
~.1636E-04 

.425u£=oS 
-.1753:-on 

.3975£-as 
-.1635:-04 

.3975E-05 
-.1763E-04 

.3700E-O5 
-.1636E-04 

.3700E-05 
-.1753E-04 

.342st%os 
-{1635E-04. 

;34z§;-as 
-.1753:-os 

T3425E'03 
-.1535:-os 

.1370E+O1 
-.1322E-05 

.1§1o:+o1 
-.1227:-os 

-Z400E?01 
-.11s9;,os 

.24oo;+o1 
-.1oaa;»os 

.Z40ggyq1 
-.3S07E*06 

.;z4og:+p1 
-.3263:-as 

;24D9E+Q1 
=.sa4s:-as 

.24o9£+o1.
’ 

A.s432;-as 

.24oa:+o1 
~.e1q2:-as 

.24oa:+o1 
-.7s92£-os 

.24UOE+01 
-.1052E-05 

.240OE+01 
-.§I4JE-D6 

.2400E+01 
-.1ZB5E-O5 

.240OE+01 
-.1188E-05 

.2aoo:+b; 
-.1519:-os 

.z~ao:+q1 
-.1402E-05 

.4799:-03 
-.1535:-as 

.§Z99E-Q3 
-.iso9:=o5_ 

-4199;-05 
-.zs:s:eo4 

.4524;-us 
-.15o9:»u4 

.4524E-05 
-.l636E-04 

.4250E-05 
-.l509E-04 

.425o£=os 
-.1636E-04 

.3975E-05 
-.1509E-O4 

}3975E-os 
-.1636E-04 

.3700E-O5 
-.1SD9E-04 

'.370OE-05 
-.l636E-04 

434z§EaQ5 
-.1509E-04 

.3425:-03 
=.1636E-O5 

.3425E-O3 
-.l509E-05 

.1370E+0l 
-.1227E-05 

.1§ZQ£+OJ 
-.1]31E-05 

87 

.z4ooc+o1 
-.1aep:-os 

.2400E+01 
-.I133E-O6 

.Z400E+Ol 

.3263E-06 
V 

.z5ooz+o; 
-.a27zs-os'- 

_.2400E+01 
-.5432!-06 

.2£oo£+o1 
'.5530E-05 

.240OE+01 
-.7592E-06 

-.24ooE+o1 
-.7571:-as 

.250OE+O1 
-.9743E-O6 

.2400E+01 
-.9481E~05 

.2400E+01 
~.l188E:05 

.2500E+01 
-.1127!-05 

.24oog+o1 
-.1402:-as 

- ,24ao;4o1 
-;1z9a:-as 

.4799:-oa 
-.1509:-os 

.4799:aoa 
-.1352:-05 

.4199:-as 
-§1so9£-o4 

.4524E‘05 
-.1382E~O4 

.4524E-05 
-.1509:-o4 

.42so:go5 
-.13B2E-04 

;4z5o:-95 
-.l509E'04 

.3975E*05 
-.1382E-04 

.3975E-05 
-.1509!-04 

.3700:-0S 
:.13a2£-o4 

.3799:-05 
~.1509E-04 

.3426:-os 
*.1382E-04 

.3425:-03 
-.:5o9s-as 

.34ZSE-53 
-.13BZE-05 

.1az9€+o1 
-.1131:-05 

-l3Z9E+0l 
V-.1036E~05 

.24ODE+0I 
-.l133E-05 

.24oo£+o1 
-.2535:-as 

.2400E+O1 
-g3372E-O6 

.240DE+0l' 
-;8280E-06 

.2400Et01 
-.5530E-06 

.240DE+D1 
-.1261E-05 

.2400E+01 
-.757lE-06 

.2400E+01 
-.1537:-as

_ 

.24o6s+a1 
-.9431:-os 

.2400E+01 
-.1635E-05 

.2aoo:+o1 
:,1127s-as 

.zAoo£+o1 
-.1565E-05 

,Z4QQE+0) 
-.1Z98E-05 

-Z4995*°1 
~.xa74£-os 

-4?99E'03 
-.1332:-as 

.47s2:~o3 
-.1255:-as 

.4799E-05 
-.1J82E-04 

.4524E-05 
-.1255E-04 

.4524:-05 
-.1382E-D4 

.42§0E-05 
-.1255E-01 

.k25oa-os 
-.1352:-o4 

.3975£-O5 
'm1Z55E‘04 

.3975E-05 
'~.138ZE-Q4 

;37o1;-qg 
-.1255:-04 

v§7Q1§‘9§ 
-.1332:-o4 

.3425;-05 
-.12ss::o4 

.3426E-03 
-.l382E-O5 

.3426E-O3 
-.lZ55£-05 

.;37o;+q1 
-.1o3e:=os 

.137o£+o1 
-.9411:-as 

.2400E+01 
-.2B85E-06 

.2400E+01 
-.2715!-05 

.24oos¥o1 
-.828DE-O6 

.24oo£4o1 
-.7534:-as 

.240DE+01 
-.1261E-05 
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