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SYMBOL DEFINITIONS

Symbol

rl,

L2

Definition (Units)

Longitudinal dispersivity (L)
Transverse dispersivity (L)

Longitudinal }inear dispersivity co-
efficient (LL™™)

Transverse_ linear dispersivity coeffi-
cient (LL‘l)

Elevation of bottom of aquifer (L)
Concentration of solute (MM‘l)

Bulk _density of the porous media
(ML™3)

Distance moved by convective flow (L)

Coefficient of hydrodynamic dispersion
(L2r~1)

Distance moved by dispersion along flow
direction (L)

Distance moved by dispersion normal to
flow direction (L)

Length of one timestep (T)
Head prediction factor (LL‘l)

Groundwater gradient in the direction
of flow

node count in x direction

node count in y direction

Elevation head of groundwater table (L)
Time since analysis began (T)

Hydraulic Conductivity (LT‘l)
Distribution coefficient (L3M'l)

Mass of solute injected (L3)

Volumetric porosity of the porous media
(L3L73)

Inflow to groundwater system (L3T'l)
Specific discharge (LT'l)

Uniformly distributed random numbers
with mean 0 and standard deviation 1.

Golder Associates



Retardation coefficient (LL‘l)
Storage coefficient (L3L-3)

Standard deviation of the concentration

.distribution along the flow direction

(L)

Standard deviation of the concentration
distribution normal to the flow direc-
tion (L)

Time (T)

Transmissivity - product of K and
saturated thickness (LZT“l)

Average pore velocity of groundwater
(Lt~1)

Darcy velocity of groundwater (LT‘l)

Horizontal direction of Cartesian
coordinate system

Vertical direction of Cartesian
coordinate system
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1.0 INTRODUCTION

This report describes the theory and application pro-
cedures of a computer program written by Golder Associates
which analyzes the movement of waste facility seepage in an
isotropic, saturated, homogenous, porous medium. The
program combines a finite difference groundwater flow model
with a discrete particle random walk model. Included are
the basic theory employed in predicting the transient
groundwater gradients and seepage transport, program
description, input requirements, output options, a sample
problem, and a listing of the program.

This GROUNDWATER IMPACT SCREENING MODEL was developed
to provide an easily usable tool for estimating the effect
of various approaches to the management of waste products
from the proposed Crandon mill on the hydrologic system.
The program allows the user to select a proposed waste
disposal facility by defining its plan location and a flow
history of seepage from each of the system components. The
model simulates the dynamic response of the hydrologic
system as it 1is influenced through time by the proposed
facility. The results of the analysis consist of a series
of "snapshots" of the groundwater table elevation and the
seepage concentration in the groundwater over the study
area at various times through the simulation. Due to the
slow rate of seepage movement in the groundwater system,
these "snapshots" are typically provided every 5 to
15 years through simulations that run for 60 to
150 years. In this manner the hydrologic impact can be
assessed during the operation of the facility and for many

years thereafter.

The program has been written to be simple in terms of

its use and ease of modification. Features include:

Golder Associates
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- Simple input of limited quantity.

- Simple output options of limited quantity to aid
remote terminal use.

- Programming is standard FORTRAN IV for maximum
compatability between computer systems.

- Programming for maximum internal readability and
ease of modifications.

- Relatively simple, unconditionally stable solu-
tion algorithms.

- Dimension independent input and output requiring
only a consistent dimension set.

- Rapid, relatively inexpensive solution.
- Entire solution matrix is stored in memory to

speed execution and minimize program complexi
ty.

Unlike most models of this sort, the code is written
to be modified. Different input and output systems will
suit different aspects of the project, encouraging tai-

loring of the program to make the code suit the problem.

The model should be regarded in this application as a
screening tool used to evaluate the relative impact on the
hydrologic system of various waste disposal systems. The
resulting seepage concentration contours do not take into

account several factors, as listed below.

(a) The hydrochemical buffering effect of the unsatu-
rated zone underlying the pond system and in the
saturated zone.

(b) The model is a 2 dimensional representation and
does not estimate vertical distribution of con-
centrations. The concentration contours pre-
sented are vertically integrated, 1i.e., they
assume complete mixing of the seepage 1in the
groundwater.

Goider Associates
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(c) The effects of seepage fluid dissemination by the
process of molecular diffusion.

(d) Transit time of seepage between leaving the pond
bottom and reaching the saturated groundwater
zone is not considered. :

The model should not be viewed as an exact model of
the total Crandon hydrologic system (i.e. hydrochemical and
hydrogeological) but rather as a screening tool to aid in
determining the optimum site design and location of the
proposed Waste Disposal Facility. Future enhancements to
the model will allow for consideration of the above factors
and perhaps others as the need arises and supporting data
becomes available, providing for a groundwater impact as-
sessment tool with a degree of accuracy suitable for its

intended use.

Golder Associates
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2.0 CONCEPTUAL HYDROLOGIC MODEL

Most predictive efforts regquire the formulation of a
model which adequatgly represents the system to be anal-
yzed. This representation depends heavily upon the ex-
pected predictive use of the model. Once the model has
been prepared and the user is assured of its accuracy in
representing the system in gquestion, predictions can be
made by imposing a change in the system and observing the
response of the model.

We consider that the model which has been developed
for this effort adequately represents the hydrologic system
at the Crandon site. The approximate extent of the model
is the plan area bounded by Swamp Creek on the north,
Ground Hemlock Slough on the east, Pickerel Lake on the
south and Rolling Stone and Rice Lakes on the west. The
actual boundary limits of the model are the stream channels
and lake shores which are recharged by the groundwater.
Figure 2.1 shows the study area and assumed boundaries of
the hydrogeologic model. In cross-section the model con-
sists of a layer of coarse grained stratified drift materi-
al which is effectively continuous over the plan area of
the model. An idealized section is shown in Figure 2.2.
The saturated thickness of this layer of coarse grained
stratified drift varies over the model area. An isopach
map of the saturated thickness of the coarse grained stra-
tified drift was constructed from the borehole data, geo-
logic sections and areal trends inferred from the block
diagrams (included in Reference 1) and is included in Fig-
ure 2.3. The natural water input to the hydrologic model
is the rainfall and snowmelt infiltration which percolates
into this layer of coarse grained stratified drift. This
idealized hydrogeologic system is based on the findings
presented in the Geotechnical Investigation(l) and Pump
Test and Analysis(2) prepared previously by Golder Associ-
ates.

Golder Associates
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The primary use of this model is to predict the con-
centration distribution of waste facility seepage over the
study area through time. The concentrations reported are
the percent of seepage in the groundwater assuming complete
mixing veftically across the coarse grained stratified
drift. The concentration distribution is assumed to be

dependent upon the following factors.

- Leakage rate of the waste disposal facility.

- Location and area of the waste disposal facil
ity.

- Groundwater gradients over the study area, i.e.
shape of the groundwater table.

- Characteristics of the porous media through which
the seepage moves (hydraulic conductivity, por-
osity, storativity, dispersivity, and retard-
ance).

Diffusion, density gradients and chemical reaction
processes are not simulated. The leakage rate, location
and area of the waste disposal facility are changes which
are applied to the model in a predictive mode. The simu-
lated groundwater gradients and porous media characteris-
tics are input to the model and represent those which are
prevalent in the layer of «coarse grained stratified
drift. The hydraulic conductivity of the coarse grained
stratified drift is 2 to 3 orders of magnitude higher than
the overlying and underlying layers of till giving rise to
seepage transport velocities 100 to 1000 times faster in
the coarse grained stratified drift. The hydrologic system
is a semi-unconfined system but the model represents it as
a single layer water table aquifer for conservative esti-
mates of flow. The coarse grained stratified drift and
upper till have hydraulic conductivity values which are
different enough to show similar but lagging responses to

Golder Associates
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stresses such as pumping or recharge. However, the ground-
water heads in the two materials equilibrate after the
stress has been removed. Since the bottom layer of till
has a much lower permeability than the overlying coarse
grained stratified drift, it is not affected by waste dis-
posal system leakage which recharges the drift material.
It is, therefore, appropriate to formulate the predictive
model based on the hydraulic gradient and seepage transport
in this layer of coarse grained stratified drift and to use
the resulting model in the site screening analyses. Fur-
ther refinements to the basic algorithms will provide a
model which will be appropriate for the final groundwater

impact assessment of the waste disposal system.

Once the idealized physical model has been formulated,
a method of quantitative cause/effect analysis must be de-
fined. The two basic processes which must be modeled are
the changes in the distribution of the elevations of the
groundwater table and the distribution of seepage in the
groundwater with time. Each process has been represented
by a set of equations. Detailed presentations of the theo-
ry of these two processes are included as Sections 3 and
4. All mathematical symbols are defined at the beginning

of this report.

The methods used to solve the equations which govern
the distribution of groundwater heads and seepage concen-
tration are well suited for solution by a computer pro-
gram. The program developed for this purpose is the
GROUNDWATER IMPACT SCREENING MODEL which simulates changes
in the groundwater gradients and seepage transport. The
program itself is flexible enough to allow variation of the
idealized physical model and to simulate a wide range of
leakage histories but can represent only the general hydro-

Golder Associates
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geologic model configuration outlined herein. Therefore,
the computer program itself has been termed "the model" or
the "GROUNDWATER IMPACT SCREENING MODEL". The combination
of the idealized physical model, the mathematical equa-
tions, and the computer program represent the model which
will be used in a cause/effect predictive mode. In its
present form, the cause/effect predictive results are pri-
marily useful in a relative screening mode, but they do
represent an upper bound on concentrations to a high degree
of confidence. The verification of the program is pre-
sented in Section 5; model calibration is included in Sec-
tion 6; description of the computer program itself is in-
cluded in Section 7; and Sections 8 and 9 outline the pro-

gram input requirements and output reports.

Golder Associates
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3.0 GROUNDWATER FLOW SOLUTION THEORY

The governing equation assumed to represent the tran-
sient distribution of groundwater head in a confined, homo-
geneous, isotropic équifer in two dimensions is (adapted
from Reference 4):

2 2
3“h + “h S h

- =2 b .
% 2 ay? T t d (3.1)

Terms used in this section are defined at the begin-
ning of this report. The above equation cannot be solved
directly. By imposing a grid over the problem domain and
approximating equation 3.1 in terms of its finite differ-
ences between the grid intersection points, a set of simul-
taneous equations, one representing each grid intersection
(node point), can be formulated. The unknown in each equa-
tion is the head condition at the node in question at a
given time. The known terms are the aquifer properties, T
and S, the flow rate q, and the x, y and t values of the
solution. This set of simultaneous equations 1is then
solved iteratively using the solution method presented by
Prickett and Lonnquist (3), Figure 8.1 illustrates the
Exxon Crandon Project study area overlain by a matrix of
discrete node points. This example case will be used

throughout this report for demonstration purposes.

Solution of the simultaneous finite difference egqua-
tions requires definition of the boundary conditions.
These boundary conditions are; (1) the initial head con-
figuration at each node point at the beginning of the anal-
ysis and (2) either "no-flow" or "constant head" nodes at
the periphery of the study area. These boundary conditions
are required to reduce the total number of unknowns to that

which can be uniquely solved.

Golder Associates
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Having formulated the system of simultaneous, finite
difference equations and defined the boundary conditions,
the equations are solved to determine the head at each
node. This is done using a modified form of the alter-
nating direction implicit method first presented by Peace-
man and Rachford(>) as described by Prickett and
Lonnquist(3)-

"Briefly, the iterative alternating direction
implicit method involves first, for a given time
increment, reducing a large set of simultaneous
equations down to a number of small sets. This is
done by solving the node eguations by Gauss elimi-
nation of an individual column of the model while
all terms related to the nodes in adjacent columns
are held constant. According to Peaceman, and
Rachford (1955), the set of column egquations is
then implicit in the direction along the column
and explicit in the direction orthogonal to the

column alignment. The solution of the set of
column equations is then a straightforward pro-
cess.

After all column eqguations have been processed
column by column, attention is focused on solving
the node equations again by Gauss elimination of
an individual row while all terms related to ad-
jacent rows are held constant. Finally, after all
equations have been solved row by row, an 'itera-
tion' has been completed. The above process is
repeated a sufficient number of times to achieve
convergence, and this completes the calculations

for the given time increment. The calculated
heads are then used as initial conditions for the
next time increment. This total process is re-

peated for successive time increments. Peaceman
and Rachford (1955) point out that this technique
is unconditionally stable regardless of the size
of the time increment.”

The details of the solution methodology are outlined

in Prickett and Lonnquist(3) in "pPart 1. Mathematical

Background".

Golder Associates
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The equations formulated thus far apply only to a con-
fined aquifer. The program simulates unconfined and semi-
unconfined aquifers by addition of a step to account for
the change in transmissivity as the head at a given node
rises or falls. The equivalent transmissivity in the x and
y directions can be estimated by taking the geometric mean
of the transmissivities between the node in question and

the next adjacent node, as follows:

Ti,5,x = Ki,9/(bg,5 = BOTj,5) * (hiyy, 5 = BOTi4 50 (3.2)

K (h - BOTi,j) . (hi,j+l - BOTi,j'Fl’ (3.3)

Ti'jvy i,3 i,3
By correcting the transmissivities at each timestep a rea-
sonable approximation of ‘the behavior of an unconfined
aquifer can be obtained. This approximation holds in areas
where the phreatic surface is not excessively steep and the
assumption of horizontal flow in the aquifer is honored.
The predicted drawdowns from a pumping well are too large
in the immediate vicinity of the well but are very close to
the theoretical drawdowns a short distance from the well,

as shown in Section 5.0, Program Verification.

If the timesteps chosen for a simulation are small
with respect to the time frame of pumping or injection
sequences, the response of the agquifer is fairly consistent
through time. That is, if the head at a given node 1is
dropping, then it is a good assumption that it will con-
tinue to drop during the next timestep. This assumption
can be employed by use of a head prediction step prior to
solution of the finite difference equations at each time-
step, thereby significantly decreasing the iterations re-
quired for convergence. It should be noted that the same

Golder Associates
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solution will be obtained whether or not the head predictor
is employed. The head predictor adjustment is formulated
by aséuming that the ratio of the change in head between
the two prior time cycles (at a given node) is a good esti-
mate of the change in head over the next time cycle. This
is shown by the following equations. The heads at times
"t-2", "t-1" and "t" have been computed and the heads at
time "t+l1" are to be solved. A head prediction factor, F,

is computed and used as shown below.

h: 2 v 7 - h: =
F = 11]1t1 111:t (3.4)

hi,j't-z - hi'j,t-l
hi,§,e+1 = Pi,j,¢ + (i, 4,e-1 ~ bBi,5,¢) ° F (3:3)
Thus, the heads for the next timestep are the adjusted
heads as computed above rather than the heads simulated at
the end of the preceding timestep. The head prediction

factor, F, is constrained between zero and five.

Several other points concerning the solution methodol-

ogy employed are worthy of note.

Time Step - The finite difference solution of the dif-
ferential equation of groundwater flow requires that
both time and space be discretized. The size of the
timesteps employed directly influence the accuracy of
the solution obtained. The size of the timestep 1is
- dependent upon the size of the node spacing, the aqui-
fer parameters, and the rate at which the aquifer is
being pumped or recharged. The timestep should be
chosen such that changes in the heads should be gradu-
al through time. However, a timestep which is too

small uses excessive computer time and does not gain

Golder Associates
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significant additional accuracy. Time steps as small
as a fraction of an hour are appropriate for a pumping
well while monthly or even yearly timesteps are ap-
propriate for dgradual infiltration changes. Prelimi-
nary hand calculations and sensitivity analyses are
recommended to determine the appropriate timestep and
grid spacing.

Convergence Criteria - The implicit numerical scheme

employed in this program is an approximate solution
which is refined through successive iterations.
Therefore, some criterion must be defined to determine
when the solution has converged to an acceptable ac-
curacy. This convergence critérion is implemented by
comparing the difference in heads computed between two
successive iterations. When this difference is within
an acceptable value, convergence is reached. This
program presents the difference in heads between iter-
ations two ways. First, the sum of the change in
heads for all nodes is computed. Secondly, the maxi-
mum head change at any node is found. Both values are
reported and the program uses the sum of head changes
as its convergence criteria. The iteration process
stops when the sum of the head changes at every node
point goes below a user defined limit. This method is
most appropriate for regional groundwater simula-
tions. The program also reports the value of the
maximum head change at any node and can be easily

"modified to use this as a convergence criterion. This
criterion would be more appropriate when simulating
rapid changes to localized portions of an aquifer,
such as pumping or injection wells.

Golder Associates



March, 1982 -16- 786085

Boundary Conditions - Boundary conditions must be de-

fined for solution of the simultaneous finite differ-
ence equations. An initial or prior value of the head
at each node is defined as either a somewhat arbitrary
set of values at the beginning of the simulation or
the heads from the immediately preceding timestep.
The other set of boundary conditions required imply a
known condition at the edge of the study area. These
may be either "no-flow" (barrier) nodes or "constant-
head" (recharge) nodes. Barrier boundaries are im-
posed by assigning a very low hydraulic conductivity
(10’25) at these nodes. Recharge boundaries are im-

~ posed by assigning a very high storage coefficient

(such as 1025) at these nodes. It should be realized
that the edges of the finite difference grid represent
barrier boundaries and effectively constitute a de-

fault condition if no boundary is explicitly set.

Golder Associates
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4.0 SEEPAGE TRANSPORT THEORY

The seepage transport theory employed in the program
is based on the standard dispersive flow model summarized
in Bear (6). The governing equation of seepage concentra-
tion distribution is:

Cx,t =

M/n --(x—q/n)t2
exp{ } (4.1)

(4 1 DLE)72 4Dyt

This equation is similar in form to the equation which de-
fines a normal probability distribution. This allows the
following solution methodology.

A known mass of seepage 1is represented by a single
"particle" whose movement in the groundwater system is
tracked through time. Hundreds of particles are injected
each timestep and their relative density over the study
area is mapped at various times through the simulation.
Particle density is transformed into seepage concentration
by knowing the mass of seepage represented by each particle
and the volume of groundwater within each cell. The con-
centration is the percent pond leakage in the groundwater
assuming complete vertical mixing. That is, if the pond
leakage had a sulfate concentration of 1500 mg/l1 and the
simulated concentration is 10%, the groundwater would have
a sulfate concentration of 150 mg/l. In this formulation,
the following assumptions are made (symbols are defined at
the beginning of this report):

- Seepage concentration C is low compared to the

groundwater density, i.e. the amount of seepage

does not affect the groundwater flow.

Golder Asscciates
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The groundwater flow is steady over each timestep

and two-dimensional.

The porous medium is isotropic with respect to
dispersion, and thus’can be characterized by a
longitudinal dispersivity ar, and a transverse

dispersivity ang.

Any sorption reaction of the seepage with the
formation is linear and instantaneous, and can be
characterized by a distribution coefficient kgj.
The retardation factor (Rd) is defined by:

R4 =< +D'§i) (4.2)

where D is the bulk density and n the porosity of

the porous media.

seepage is completely mixed in the coarse grained
stratified drift layer.

Based on these assumptions, the concentration distri-

bution resulting from injection of a slug of unit mass of
seepage into an aguifer at time t = 0 at the origin has the

following characteristics:

The centroid of a slug of seepage moves down-
stream at velocity ¥V/Rg: where ¥, the average
pore velocity of the fluid, is equal to V/n and V
is the Darcy velocity. This distance is denoted

as dc and is defined as:

d. = (4.3)

Golder Associates
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The average pore velocity, v, is defined as:
Ve = ~ (4.5)

where K is the hydraulic conductivity, I is the
gradient in the direction of flow and n is the
volumetric porosity.

With respect to the centroid, the concentration
distribution is binormal--the product of a normal
distribution in the flow .-direction with another
normal distribution in the transverse direc-

tion.

In the flow direction, the standard deviation of
the normal distribution is:

Sy, = 2ap/(V/Ry) 8t  =\/ 2apdg (4.6)

where dc is the distance the centroid was moved

and At is the simulation timestep.

4

In the transverse direction, the standard devia-

tion is:

sy S2ap (V/Rg) At =/2apd. =\/sg ‘Z‘T‘ (4.7)
L

The amplitudes of the longitudinal and transverse

distributions are 1/SL and 1/Snq, respectively.
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Based on this formulation, the seepage transport algo-
rithm used in the program is quite simple. Figure 4.1 il-
lustrates the movement of single particles in a steady
state flow field over one timestep. Each particle is moved
a deterministic amount (dc) down gradient from its existing
position over a discrete timestep. 1In addition, each par-
ticle is moved a dispersive distance in the longitudinal
(dL) and transverse (dT) directions. The values of dL and
dp are computed by selecting a random, normally distributed
number (rl) of mean 0 and standard deviation 1, and multi-
plying it by the standard deviation of the longitudinal
dispersivity:

dp, = /24, ap

Similarly, the transverse dispersion is given by:

dT = ry\/2d, ag

Therefore, the vector describing the movement of a single

ry5y, (4.8)

r,Sy (4.9)

particle over one timestep is the resultant of the sum of
d, and 4; in the direction of flow and dg normal to the
flow direction. The new position of each particle is com-
puted by decomposing this vector into the X and Y coordi-
nates of the problem domain and adding them to the previous

position.

The user should be aware that there are some problems
with the application of the basic theory of seepage trans-
port. Experimental data has shown that the values of the
dispersivities are very much a function of the scale of the
test. Anderson stated in reference 7:
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"It is well known that the magnitude of the mea-
sured dispersivity changes, depending on the scale
at which the measurements are taken. Laboratory
experiments designed to measure dispersivity yield
values in the range of 10~ =2 to 1 cm, while dis-
persivities of 10 to 100 meters have been obtalned
for field problems."

These problems relate to the difficulties in determining an
appropriate value of dispersivity. It is recommended that
a sensitivity analysis be made to determine the importance
of the value of the dispersivity chosen in the problem
situation being simulated. This Qill allow proper perspec-
tive to be placed on the selection of dispersivity and will

allow the use of a conservative value if appropriate.
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5.0 PROGRAM VERIFICATION

As stated at the end of Section 2.0, the "model" is
taken to include the conceptual hydrogeologic model, its
mathematical formulation and the computer program written
to solve the equations. The computer program is further
described in Section 7.0. This section presents the veri-
fication tests employed to insure that the equations are
properly solved by the computer program. This verification
process consists of a series of simulations which can be

checked by hand calculations.

The two processes modeled by the program are; (1) the
change in the groundwater table and (2) the transport of
seepage in the groundwater. The change in groundwater
heads through time is simulated in the program by a finite
difference algorithm. Verification of this algorithm is
provided by simulating simple drawdown and recharge cases
which can be checked by hand computations. The drawdown
case is an infinite, homogeneous, isotropic, unconfined
aquifer with a saturated ° thickness of 100 feet
(k=85 feet/day, S=0.05) from which 2000 gpm 1is being
pumped, Figure 5.1 shows the idealized aquifer, the simu-
lated solution and the hand calculated solution using the
Boulton method (8) The simulated solution shows about
2 feet excess drawdown over the hand computed solution
50 feet from the well but the solutions match at 200 ft.
and beyond. This difference is due to the discretization
of time and space of the finite difference solution. A
grid spacing of 50 feet and an initial timestep of
0.001 days (increasing by a factor of 1.25 each cycle) was

~used in the modeled analysis. Closer grid spacing would

improve the match closer to the well. The recharge case 1is
an infinite; homogeneous, isotropic, unconfined aquifer
with an initial saturated thickness of 100 feet
(K=0.5 feet/day, n=0.07) with infiltration being induced at
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a rz=e of 0.05 foot/day over a 500 foot area. Figure 5.2
shows the idealized aquifer, the simulated solution and
the hand calculated solution using the Hantush method (9),
The two solutions show a deviation of about 2 feet during
the early part of the simulation. A finite difference grid
spacing of 100 feet and a constant timestep of 30 days were

used in the modeled analysis.

The second process modeled is the transport of seepage
in the aquifer. The verification of this process is pro-
vided by modeling an instantaneous slug of a given mass of
seepage in a homogeneous, isotropic aquifer
(K = 10 feet/day, n = 0.25) under a uniform, constant gra-
dient of 20 feet/mile. Neither solution considers retarda-
tion or chemical change. The hand solution is computed by
solving the one dimensional equation of seepage trans-
port. Figure 5.3 shows the aquifer and a cross section of
the seepage slug 9 years after injection for the computer

simulation and the hand solution.
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6.0 MODEL CALIBRATION

Due to the variable nature of the aquifer over the
entire study site, some parameters in some areas of the
model must be inferred. This is done by modifying the pa-
rameters in a logical fashion until the predicted results
adequately match those observed in the field. This process
is called calibration and is critical to the accuracy of
the predictions based on the calibrated model. If too many
parameters are inferred or set through calibration an un-
realistic parameter set could be selected. This could re-
sult in a model calibration which matches the predicted and
the observed results adequately but behaves erroneously
when changes are imposed. Therefore, measured field data
should be used as extensively as possible and unsupportable

calibration refinements should be avoided.

The head simulation and the seepage transport algo-
rithms may require calibration before using the model. The
head solution is calibrated by determining as many of the
aquifer parameters as possible through pumping tests, ex-
ploration borings, regional water balances, and other ap-
plicable sources. The remaining parameters are set to
their most likely value. The model can then be calibrated
by modifying parameters until the predicted head levels
match observed heads in a steady state mode. The final
head configuration is usually stored on a RESTART file to
use as the initial heads in subsequent simulations. The
transient behavior of the model should be calibrated if
adequate observed data is available. Transient phenomenon
such as spring snow melt or pumping wells are commonly
used. If transient observed data is not available the
model should still be checked with a reasonable estimate of
seasonal variation of infiltration to insure that no ex-

treme fluctuations take place in the model.
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The seepage transport algorithm contains dispersion
and retardation parameters which may be calibrated by com-
paring predicted seepage transport to observed. This is
complicated, however, by the scale dependency of the co-
efficient of dispersivity. Also, such observed data is
seldom available requiring the use of values from the lit-

erature.

In cases where calibration is nonexistent or weak,
sensitivity studies should be made to determine the impact
of the parameter values selected on the model results.
Quite often some parameters are found to have very little
effect over the range of required fesults and typical val-
ues may be used. Also, inferred parameters should be cho-
sen in such a manner to insure conservative results.

The model calibration for the Crandon site was based
on a detailed geologic investigation(l), pump test per-
formed in June, 1980(2) and Dames and Moores environmental
baseline study(lo). This site specific data provided the
initial set of data from which the calibration effort be-
gan. Simulated contours were compared to observed contours
to determine the accuracy of the calibration. The observed
groundwater contours used are those presented in refer-
ence 11 which reflects all data in the area gathered to
date and a comprehensive set of piezometer readings 1in

September, 1980.

Several parameters were based upon the above listed
sources of information and were not varied during the cali-
bration process. These were the average horizontal hydrau-
lic conductivity of the coarse c¢rained stratified drift of

35 feet/day and storage coefficients of the coarse grained
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stratified drift and upper till of 0.070 and 0.054, respec-
tively. To calculate the groundwater head at a given node
the model requires a value of aguifer transmissivity which
is the product of hydraulic conductivity and saturated
aquifer thickness at that point. Values of aquifer thick-
ness were defined for each groundwater head node loca-
tion. Calibration was achieved by varying the annual net
infiltration between the values indicated in the environ-
mental baseline report. A net annual groundwater recharge
value of 12.5 inches generated simulated groundwater con-
tours of the same general elevations as those observed.
The observed groundwater contours (as presented in refer-
ence 11) and simulated groundwater contours are shown on
Figure 6.1. The input parameter values are listed in the

sample model output in Appendix B.
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7.0 PROGRAM DESCRIPTION

The GROUNDWATER IMPACT SCREENING MODEL was developed
as a group of service routines which perform specific tasks
controlled by a main program. The needed arrays are passed
between program units primarily through named COMMON
blocks. Flow of logic through the program is kept as lin-
ear as practical with entrance and exit from a program unit
from the top and bottom only. This practice reduces the
complexity of logic flow and minimizes debugging and modi-
fication efforts. The program is coded in FORTRAN with as
little use of extensions as practical. This allows compat-
ability of the program with many other computer systems.
The program is thoroughly commented and each subprogram
contains a description of its function and definition of

the major variables used.

The flow chart of the program 1is shown in Fig-
ure 7.1. A brief description of the major subroutines is

as follows:

This is the main program which controls
the simulation and calls the major sub-

routines.

RANWALK

INPUT - Reads the input data which defines the
problem to be simulated, sets various
control parameters and loads operational
arrays. an echo of the data is pro-

vided.

IADI - Solves the groundwater head at each node
by using the iterative alternating direc-
tion implicit method as described in Sec-—
tion 3.0. Optionally makes an adjustment
for transmissivity change in unconfined
aquifers.

LEAK - Computes leakage between two aquifers
based on the hydraulic conductivity of
the upper layer and the vertical gradient
(not used in present version of the pro-
gram).
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GRADNT

GENERAT

FIND -
MOVE -

ELIM -

HEDIN -

HEDOUT -

INTERP -

PLOT -

PLOTR -

PLOT3 -

ouTPUT -

OUT2K -

Computes the groundwater gradient in the
X and Y directions at each node point and
resolves the resultant vector.

Generates discrete particles based on the
particle volume and leakage history input
to the model.

Finds the cell in which a given x, Yy
point is located.

Transports particles according to the al-
gorithm discussed in Section 4.0.

Eliminates particles which have moved to
the boundary areas (streams, lakes, etc.)
after each printstep.

Reads in the restart file, compares cri-
tical parameters and echos data to the
output report.

Stores simulation parameters, head con-
figuration and optionally the particle
locations on a restart file.

Interpolates a leakage rate from the

leakage history curve, Leakage rate 1is
taken at time t+0.5(At).

Outputs the particle count matrix at each
node, row by row.

Outputs the head elevation at each node,
row by row.

Plots a symbolic representation of the
distribution of active and inactive par-
ticles by assigning a character which
corresponds to a range of the number of
particles in the cell.

Prints the head matrix in block form, not
to scale. The origin (node point 1,1) is
located in lower left corner; the matrix
is partitioned 1into slices 25 columns
wide.

Prints the head or concentration matrix

in block form to a scale of 1" = 2000'.
Origin (node point 1,1) is located in the
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lower left corner; matrix is partitioned
into slices 20 columns wide. In present
version reported heads are actual head
minus 1500 feet. Concentrations are com-
puted as a percent of leachate in the
groundwater contained in each cell.

OUT3K - Prints symbolic distribution of seepage
concentration as a percent groundwater at
a 1" to 2000' scale when a seepage grid
spacing of DXPAR = 200 ft. and DYPAR =
333.3 ft.

ERPROC - Prints error messages on output report.

The program has been written so as to minimize the

computational effort involved in the innermost loop ele-
ments, especially MOVE. Needed constants are evaluated and

stored in matrices before entering this loop, and the alge-
braic expressions have been derived so as to minimize the
use of trigonometric and other complex mathematical func-

tions.

The program has several capabilities designed to in-

crease the utility and efficiency of its use.

- Comprehensive set of error codes handled by a
separate subroutine.

- Data array dump optionally provided upon trapping
of a fatal program error (but not fatal system
errors).

- Storage and retrieval of RESTART files which
allow simulations to be stopped and restarted
with or without change of parameters.

- Several output types, all user selectable.

A listing of the program is included as Appendix C of
this report.
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8.0 INPUT DATA

8.1 General

As in most simulation programs, the assembly of the
input data constitutes the major portion of the effort to
apply the model. Data input is mainly keyword directed to
allow flexibility in input sequence and facilitate data
modification. A description of needed data follows, in
Sections 8.2 through 8.7 along with discussion of units. A
summary of the input data requirements and input format is
included in Section 8.8. The input is explained by use of
the Crandon case as an example in which a sample case of a
85 acre pond leaking at 1.0 gpm for 30 years, increasing to
5 gpm thereafter is simulated. The example input is in-
cluded in Appendix A and the corresponding output is pro-
vided as Appendix B.

8.2 Unit Convention

The program requires a consistent set of units.
Length and time unit names are input to the model for in-
formation purposes only, no unit conversion or checking is
performed. Although any consistent set of units can be
used computationally, the output portion of the program
presently reports in feet and days. All input parameters
and output values used in the example case are in these

units.

8.3 Definition of the Problem Space Domain

The space domain for the problem is a two-dimensional
plane in space. This plane is single valued (i.e., does
not double back on itself) but need not be flat or horizon-
tal. All further discussion about the solution space as-
sumes that the plane is reasonably flat, however, as it is

assumed that distances in the plane are equal to horizontal
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distances. All geometry of the plane is projected onto a
horizontal surface.

The solution domain is represented by two grids. The
intersection of the grid lines in each grid define a "node
point", which is at the center of a "cell". One grid con-
trols the solution of the groundwater head and the other
the concentration of seepage. The seepage grid must be an
even integer subgrid (or equal to) .the head grid. The
groundwater head is computed at each head grid node point
and the gradients in the x and y direction are computed by
interpolating linearly between head node points. The seep-
age concentration distribution is based on the total seep-
age mass located in each seepage g}id cell, yielding ver-
tically integrated, totally mixed concentrations. The
extent of the grids should be selected so as to minimize
edge effects. Extending the grids to groundwater inter-
acting rivers and lakes or groundwater ridges is recom-
mended. Other considerations of grid selection are listed
below.

- All cells in each grid have the same dimensions,
but the two grids may differ.

- The origin of each grid is the origin of the

models coordinate system (user may need to cor-
rect coordinates to conform to this criteria),
and the two grids must use the same origin.

- Points in the domain, including node points, are
referred to by their X, Y coordinates. Cells are
referred to by their X, Y numbers counting from
the origin (1,1).

- All coordinates and cell numbers in each grid are
positive.

The program has the capability to print the head ele-

vation and seepage concentration matrices at a scale of 1"
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to 2000' on a line printer. This is useful for overlaying
simulated contours on USGS 7.5 minute quadrangle basemaps,
but requires a 10.0 ver.:6.0 hor. distortion of the seepage
concentration grid.

Selection of grid spacing and cell size is a com-
promise between the resolution of the results and cost of
the simulation. The finite difference head solution in-
creases in cost as the number of nodes increases due to the
number of finite equations to be solved. Concentrations
are based on the total seepage mass contained within a
seepage grid cell and is reported at the node point.
Therefore the broader the seepage grid spacing, the coarser
the gradient definition and seepage concentration resolu-
tion. Simulation cost increases with the number of seepage
grid cells since the total number of particles must be
increased to keep an acceptable number of discrete par-
ticles in each active seepage cell. A final consideration
is that the grid spacing be sufficient to outline features
such as boundaries and material types.

The Crandon example, which will be used throughout
this manual, is shown in Figure 8.1 which also shows the
groundwater head grid. Figure 8.2 shows the subdivision of
groundwater grid into seepage subgrids. The grids are de-
fined by eight variables:

DX = Size of X dimension of each head cell

DY = Size of Y dimension of each head cell

NX = Number of head cells in X direction

NY = Number of head cells in Y direction
DXPAR = Size of X dimension of each seepage cell
DYPAR = Size of Y dimension of each seepage cell
NXPAR = Number of seepage cells in X direction
NYPAR = Number of seepage cells in Y direction
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Two other parameters which effect the resolution and
cost of simulation are the timestep and volume of leakage
per discrete seepage particle (which controls total par-
ticle count). Selection of timestep should consider (1)
reqhired output frequency, (2) ratio of gradient induced
(advective) particle movement to dispersive movement during
each timestep and (3) convergence time for the head solu-
tion. The transport components (advective and disper-
sive) should be compared to prevent overpowering effects
of either process. As shown by equations 4.3, 4.6 and 4.7
a short timestep and a large dispersivity or the inverse
can result in odd transport\ behavior in extreme cases.
Both the leakage rate and the timestep affect the itera-
tions required for head solution convergence. Further

discussion of the timestep follows in the next section.

The volume of seepage to be represented by each par-
ticle defines the average number of particles in each cell

for a given cell size and leakage history. A maximum of
20,000 particles is allowed by the program. A rule of
thumb for particle density is that the user should aim for

"

an average of between 10 and 20 particles seepage per seep-

st 1N

age cell within the seepage plume.

The master grid, timestep and particle volume for the

I ' sample problem is defined by the following parameters:

DX = 1000 feet
- DY = 1000 feet

NX = 28 cells

NY = = 41 cells
200 feet
333.3 feet
140

"

DXPAR
DYPAR
NXPAR

Golder Associates
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NYPAR = 84 -
TSTEP 365 days
PARTVL 3300 cubic feet

8.4 Definition of the Problem Time Domain

The finite difference formulation of the groundwater
flow governing equation requires that the simulation time
domain be discretized, as does the random walk seepage
transport algorithm. The groundwater elevation of each
head node point is computed at the end of a timestep, gra-
dients ét each particle lécation are computed between time-
Steps and all seepagé particles injected at the beginning
of each timestep. Results output represent the conditions
at the end of a timestep. As discussed in Section 8.3,
shorter timesteps increase the cost of simulation but are
4sometimes required for output frequency or head solution
convergence.

The time domain of the simulation is defined by three

parameters:
TSTEP = size of timestep
TIMMAX = ending time of simulation
OUTFRQ = frequency of printout expressed in number of

timesteps

Care should be used in selecting OUTFRQ if several
types of output are selected to prevent vast quantities of
output. The time parameters used in the sample problem

are:

TSTEP = 365 days
TIMMAX = 18,250 days
OUTFRQ = every 10 timesteps

Golder Associates
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8.5 Definition of Material Types

Several physicai characteristics of the aquifer are
constant over broadAregions of the study area. 1Input of
these characteristics is done by use of material types.
Each head cell is given a specific type number thch is
defined by a given set of parameter values. The program
can presently accept up to 10 material types. The parame-
ters which define each material type are:

NVM = material type number

K = hydraulic conductivity

S = storage coefficient

RE = normal recharge to aquifer .
POR = porosity

DL = longitudinal disperssivity
DT = transverse dispersivity

RT = retardation

Several special materials are used for various types
of boundaries in the model. A very small (10-25) value for
hydraulic conductivity represents a no-flow or barrier
boundary; a very high (1025) storage coefficient represents
a constant head or recharge boundary; a zero value for por-
osity (not used in the head situation) represents no seep-
age transport areas. The barrier and recharge boundaries
can be either rows or areas of cells encompassing the pro-
ject area. "No transport™ areas are those areas lying
outside of the constant head and no flow boundaries.

The material type distribution over the model area is
defined by two input methods. 1Initially, the entire matrix
is set equal to the default material type. Specific head
cells can then be set to actual material types by speci-
fying the material type number over the head cell matrix,

Golder Associates
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leaving a blank -or zero for the head cells with the default
material type. Thé material type definitions and their
distribution over the head grid is shown in the sample
input listed in Appendix A. : |

8.6 Definition of Leakage Histories

The primary use of the model is to impose a pond leak-
age at various seepage grid nodes and examine the impact on
the head configuration and transport of seepages. The time
trace of rechargevrates is defined by a set of leakage his-
tories. Up to 20 separate leakage histories can be defined
which can overlap in time but not in space. Each leakage
history is defined by the following parameters:

NLH = Leakage history identifier number
NLPTS = number of points on the time/rate
leakage curve
NNODES = number of seepage grid nodes over

which leakage is spread

TM (NLPTS) = time ordinates of the leakage

) curve (NLPTS values must be en-
tered)

RATE (NLPTS) = flow rate ordinates of the leak-
age curve (NSPTS value must be
entered)

NODES (NNODES) = column numbers (x-direction) of

seepage cells (NNODES pairs must
be entered)

NODES (NNODES) = row numbers (y-direction) of
leakage cells (NNODES pairs must
be entered)

The flow values in the leakage curve are total flows
for the leakage area and are divided evenly over the appro-
priate seepage cells. Seepage particles are injected ran-
domly over the cells in the leakage area. Leakége values
at each simulation timestep are interpolated linearly from
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the time/rate curves active at that time. The leakage
history used in the sample problem is shown in the sample
input listing in Appendix A.

8.7 Definition of Initial Head Configuration

As stated in Section 3, the finite difference solution
of the groundwater flow equation requires an initial head
configuration, which can be specified at the beginning of
each run or by use of a RESTART file, as discussed in the
next paragraph; This initial condition can be chosen some-
what arbitrarily except that constant head nodes must be
set to their fixed elevation. The solution scheme will
iterate to the proper heads at other nodes. This is done
through the default head parameter and/or the HEAD matrix
input block. The initial groundwater head at nodes defined
as constant head nodes must be set to the desired fixed
head elevation using the HEAD input block. Heads at all
other nodes can be input as zeros or blanks and specified
by the default value. The default value should be an esti-
mated areal average of the elevation of the phreatic sur-
face since the further the initial head condition is from
the field condition, the more iterations are required for
convergence.

The model should be allowed to proceed under steady
state conditions through enough timesteps until the change
in heads has stabilized prior to imposing the leakage to
minimize initial condition effects. Alternatively, the
simﬁlation can be terminated when steady state is reached
and the heads stored on a RESTART file. Subsequent simula-
tion can then utilize this stored head configuration to
define the initial conditions and omit the warm-up peri-
od. Heads read from a RESTART file override the default or
matrix defined head elevations input to the program.
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8.8 Summary of Data Input Requirements

This sectlon defines the format of the input data.
Input is in flxed format and must occur in the given order
for the first 6 data cards. Subsequent input is keyword
directed and déta'blocks may be arranged in any order.

Card Number Variable Format Description
s 1 TITLE 8A1 0 job title
2 TUNIT Al 0 time units (information
' only)
LUNIT Al0 length units (information
only)
3 DX F10.0 size of X dimension of
each groundwater flow cell
DY F10.0 size of Y dimension of
each groundwater flow cell
NX I10 number of groundwater flow
cells in X direction
NY I10 number of groundwater flow
cells in Y direction
TSTEP F10.0 timestep size
TIMMAX F10.0 ending time for simulation
PARTVL F10.0 volume of leakage repre-

sented by each discrete
particle. Set to zero to
inhibit seepage transport

simulation.
4 DXPAR F10.0 size of x dimension of

each particle cell

DYPAR F10.0 size of y dimension of
each particle cell

NXPAR I10 number of particle cells
in x direction

NYPAR I10 number of particle cells
in y direction

KELIM I2 indicator to control elim-
ination of particles in no
transport areas.
0 = eliminates particles
only after each print step
(default)
1 = eliminates particles

after each time step
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5 ISEED I10 seed for random number
; generator
MTYPE I10 model type
: , 1 = double layer aquifer

2 = unconfined aquifer
(make transmissivity cor-
rection)
3 = confined aquifer (do
not make transmissivity
correction) :

MAXIT I10 maximum number of itera-
tions allowed for each
step of finite difference
groundwater model

TOL F10.0 convergence criteria (sum
of differences between
actual and calculated

- heads for all cells)

OUTFRQ I10 number of timesteps be-

tween report output, first
timestep is always printed
PRINT(10) 1011 print output selector,
each column represents an
option which is requested
by entering a 1 in the
column, as defined be-
low:
1 - dump head, bottom and
material type array
2 - dump head array on
program generated
abort
3 - plots head matrix, 20
columns per page
4 - plots head matrix, 1"
to 2000' scale

5 - plots concentration
matrix, 1" to 2000'
scale

6 - plots symbolic active
and boundary particle
summary

7 - prints detailed parti-
cle count by cell

8 - prints detailed gradi-
ents by cell

9 - prints iteration in-
formation for finite
difference

10- Seepage grid output
matrix (at 1" to 2000'
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when DXPAR = 200' and
DYPAR = 333.3"')

IHEDIN "I10 - -file number for file con-
e - taining restart informa-

tion
IHEDOT I10 file number to output re-
start information for

later use

6 HEAD(1,1l) F10.0 default head elevation
BOT(1,1) F10.0 default impermeable bottom
Lo elevation
MATL(1,1) ‘I10 default material number

THICK(1,1) F10.0 default aquifer thickness

The default values of HEAD(1l,l1) BOT(1,1) MATL(1,l),
and THICK (l,1) are automatically assigned to all cells.
Modification of default values at various nodes, and ini-
tialization of material properties and definition of the
leakage histories is done by keyword directed input. De-
fault values are changed by inputting the entire matrix
with the overriding value at the proper node and blanks or

zeros in locations where defaults are to be used.

Use of keyword input provides increased flexibility in
the modification and initialization of parameters and al-
lows any order of data block input. Each keyword refer-
ences a block of data.

KEYWORD ACTION

HEAD modify initial head elevation for any or all
head cells

BOTTOM modify impermeable bottom elevation for any or
all head cells

MATERIAL initialize material parameters for all materi-
al types

LEAKAGE define leakage history parameters
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TYPE modify material type designation for any or
all head cells

THICRNESS modify aQuifer thickness at any or all head
cells

END - terminate input of data

Block data sets contain the proper keyword as the
first card followed by the actual input data values as
shown in the sample input in Appendix A.

Block data sets that modify default input values in-
clude HEAD, BOTTOM, THICKNESS and TYPE. Information to
reference all head cell values in the grid must be in-
cluded. A zero or blank for any head cell in the block
data set results in retention of the default value. The
number of head cells per card depends on the particular

data set, 8 cells/card for HEAD, THICKNESS and BOTTOM and
80 cells/card for TYPE.

Data Type Variable . Pormat Description

HEAD HEAD (NX,NY) 8F10.0 (NX*NY)/8+1 cards needed
BOTTOM BOTT (NX,NY) 8F10.0 (NX*NY)/8+1 cards needed
THICKNESS THIC (NX,NY) 8F10.0 (NX*NY) /8+1 cards needed
TYPE MATL (NX,NY) 80Al one card per row, NY

records necessary

Insertion of a blank card results in retention of the
default parameter for all cells referenced by that card.
In the example input, insertion of the all zero card im-
mediately following the keyword THIC results in retention
of the default aquifer thickness for all nodes in grid row
41. This option reduces the amount of data entry necessary
to produce a complete data set.
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The - MATERIAL :and LEAKAGE block data sets are used to

define the material properties and the pond leakage histor-

ies,

respectively. 1Input format is different from that

used in the HEAD, BOTTOM, THICKNESS and TYPE data blocks
and is explained below. ’

MATERIAL:

One card must be input for each material type con-
taining the following information (maximum of nine
materials can be included). A card with a zero value
of NM is required to terminate the material definition
sequence. '

Variable Format Description Units
NM I10 material sequence number -

K E10.3 hydraulic conductivity L/T
S E10.3 storage coefficient -
RE E10.3 natural recharge L3/T
POR E10.3 material porosity -
DL E10.3 - longitudinal dispersivity L
DT E10.3 transverse dispersivity L
RT E10.3 retardence L/L

LEAKRAGE:

Multiple cards needed to initialize each leakage his-
tory. Up to twenty 1leakage histories can be in-
cluded. A card with a zero value of NL is required to
terminate the LEAKAGE input sequence.

Card No. Variable - Format Description Units
1 NL I10 sequence number -—
NLPT I10 number of points
in leakage history ——
NNODES I10 number of leaking
cells ——

Repeat following card up to 5 times, 4 sets of TM and
RATE per card

2

™ F10.0 time ordinates of

leakage curve T
RATE F10.0 leak rate ordinates

of leakage curve L3/T
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Repeat foliawing card up to 10 times, 10 sets of seepage
cell x,y counts per card to define NNODES number of

leaking cells -

3 IX(1) I4 cell count in x
direction for first
- leaking cell —_——
IY (1) I4 cell count in y
- direction for first
- leaking cell —_—
IX(2) 14 cell count in x
| direction for 2nd
leaking cell _—
IY(2) I4 cell count in y
' direction for 2nd

leaking cell _—
(Repeat until all leaking cells are specified)
The keyword END, entered left Jjustified, terminates
reading of block data sets and initiates the modeling pro-

cess. Appendix A contains an example input data set for
the Crandon site.
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9.0 PROGRAM OUTPUT

9.1 Output Reports

- .The output from the model is divided into 2 parts.
Thewfirst is an echo of the input which defines the system
beihéAsimulated. The printout from the exampleAproblem
used in Section 8 is included in Appendix B. This printout
was generated from the input data shown in Appendix A. The
end of the first section of output is marked by "INPUT COM-
PLETE". The second portion of the output is optional and
is controlled by the PRINT parameter on the second input
card. PRINT allows odtput options to be selected. PRINT
has 10 "flags" which may be set to either 1 or 0 with 1
denoting selection of that particular print option. A

typical value for PRINT is shown by column below in which 5
print options are requested.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
o 1 0 1 1 1 1 0 0 0

The print options selected by each column are defined
below.

1 - Reversed Array Dumps

Prints out head, bottom and material type arrays as a
check against input

2 - Array Dump Option

If the program aborts, head values are output at the
time of program failure. However, system errors are

~ not trapped and output is not provided when this type
of error occurs.

3 - Head Array

Subroutine OUTPUT is called and the head matrix values
are printed (not to scale). This option 1is used
during model calibration.
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e I
B nwm...,A =

10

Head Array = U

Subroutine OUT2K is called and prints the head array
during a seepage leakage run to a scale of 1%=2000"'
for plotting on U.S.G.S. gquad sheet base maps. For
Crandon simulation heads are printed from a 1500' ref-
erence elevation (i.e. reported 90 is actually eleva-
tion 1590').

Concentration Array

Subroutine OUT2K prints the seepage concentration (as
a percentage of pond leakage in groundwater) at each
node for a given printstep at a 1"=2000' scale.

Symbolic Plot -—- I

This option calls subroutine PLOT3 to plot the active
and boundary particles for the given printstep, in
symbolic form. The output matrix prints a single
digit for each cell representing the range of par-
ticles contained in that cell.

Particle Count"

This option prints the abseepage particle count within
each cell, acting as a check on the concentration val-
ues.

Gradients

A détailéaw sdmmary '6f the Minterpolated groundwater

gradient in each cell is printed. Primarily used for
initial run checking.

Print Iteration Information

This option prints the iteration number and the two
convergence criteria (EPSILON and EMAX) for each iter-
ation. This is useful in detecting non-convergence of
the iteration process. A condensed form of this out-
put is provided by default and is sufficient for pro-

- duction runs.

Print Particle Grid Matrix

Prints the symbolic value of the concentration of
seepage in each particle grid. With a particle grid
spacing of 200 ft. in the x direction and 333 ft. in
the y direction this plot comes out at a scale of
1 inch to 2000 ft.
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During normal préduction‘rhnsboéiions 2, 4, and 10 are
commonly used. Most of the other 6pticns are only used to
debug failed runs):as'they,generate a large quantity of
output. ’ |

_ By carefully selecting basemap scale and cell dimen-
sions the computer plots can be overlayed on the basemap
for direct comparison. A set of diagnostic input data
printouﬁs and,‘varibus‘ data plots are included in Appen-

dix B. Plots prepared from this output are included as
Eigures 9.1 and 9.2.

~ Figure S.i'shows a plot which was generated by over-
iaying the 1" to 2000' basemap over the printed heads (re-
‘ported as feet over elevation 1500) and drawing contours.
This output allows model calibration to observed data and
illustrates changes in the groundwater contours resulting
from the construction of the example tailings pond. Fig-
ure 9.2 shows the concentration contours over the study
area as percent of seepage in the groundwater. These con-
tours were also prepared by overlaying the printout on a 1"
to 2000' basemap.

9.2 Interpretation of Output

The primary result of the simulation is the distribu-
tion of the concentration of a seepage in the groundwater
or surface water system at various times. From the concen-
tration array (select PRINT #10) contours of equal seepage
concentration may be drawn at several points in time.
These show the spread of the seepage plume at selected
times during and after the active life of the tailings
ponds system. Alternately, change in concentration through
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time at a certain cell can be computed to yield a time-
concentration curve at points of interest.

The seepage concentration in surface waters can be
determined from the volume of seepage discharged from the
groundwater. This requires knowledge of the flow in the
river or lake over the simulation period. A time trace of
volume of seepage entering a given reach of stream or lake
can be computed by using the detailed particle counts (se-
lect PRINT #7). Concentrations are computed by applying
the mass of seepage to the appropriate volume of water.
Linkage patterns and travel or flushing times of lakes and
streams are required to properly account for the movement
of seepage through the surface water system and to deter-
mine the time~concentration relationship in surface wa-

ters.

9.3 Error Codes

The program performs several checks to prevent system
errors (division by zero, etc.) and to insure against il-
logical problem formulation. These errors are flagged in
the various subroutines by setting an error code and call-
ing the subroutine ERPROC. Error codes less than 99 are
considered nonfatal information errors and do not cause the
program to abort. Error codes equal to or greater than 100
are fatal and cause processing to terminate. Array dumps
can be reguested upon program abort by selecting PRINT
#2. A definition of the error codes is listed below.

Error Code Subroutine

Number Ref erenced Description Remedy
1@ IADI Number of iterations needed - increase tolerance
' for convergence exceeds -~ increase number of

Max imun number of itera— iterations
tions per timestep - recalibrate model
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102

103

104

105

106

107

108

109

110

111

INPUT

INPUT

INPUT

HEDIN

HEDIN

HEDIN

HEDIN

HEDIN

The end of data cards was
encountered before all

parameters initialized, as, -

necessary parameters were
never initialized
The head falls below the

bottan of the aquifer
(negative head)

The data block name used to -
define a data set (MATERIAL,

HEAD, etc.) is not one of
the six legal forms

Input data does not result
in selection of the oorrect
single layer confined model

(only used for Crandon
simulation)

The data file that is sup-

posed to contain head and
particle information does

not contain emought infor-

mation for a restart or
does not exist

More than 20,000 particles

have been generated

Time unit mismatch between
simulation run and restart

file
Length unit mismatch be-

tween simulation run and
restart file

Grid spacing mismatch be-

tween simulation run and
restart file

The restart file is empty

Golder Associates

- make sure data file

exists

review input data set
for missing cards or
data blocks

review problem
formulation
check pumpage rate

check input data set
for misspelled data

set keyword (only first
four letters are used)

- make sure variable

M=3

check restart data file
for campleteness

check for correct file
number

check for existence of
restart file

review and redefine
particle history

check time units
on input data and
restart file

check length units
on inpt data and
restart file

check grid spacing
on input data and
restart file

check JCL string for
misspelled data name
check to make sure input
data file exists
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10.0 SUMMARY

The GROUNDWATER IMPACT SCREENING MODEL presented in
this report was developed by Golder Associates to aid in
the evaluation of alternative sites and facility layouts
for a proposed tailings disposal system at Exxon's Crandon,
Wisconsin project. The model uses a finite difference
groundwater flow solution and simulates seepage transport
using the "random walk" algorithm because of its simplicity
and rapid solution. These features are necessary since
many analyses are required at the planning stages of site
evaluation. ‘

This model is presently being applied at Exxon's Craﬁ—
don, Wisconsin project for determination of relative im-
pacts of various siting alternatives and is functioning
well. 1In this application, the change in groundwater sys-
tem gradients are simulated over the analysis period. This
allows the relative evaluation of the effects of pond seep-
age on the groundwater system, including both the effect on
the groundwater gradients and the concentration distribu-
tion of pond seepage throughout the study area.
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Exxou-cnawqoﬁ

nyYs FEET

1000, 1000,
200.333,333333
1823976 3
1590. 1450,
TYPE
0J0000C
000000000000000N0D0A6HAAEDD
00G0000000006666666622600
000000006666677776662260C0
000066666A88FEBRB6622226000
Ne6661111111122226422226
666611111112222222222286
611111111122222221112286
6111121122222221411222288
6111122112222222222222286
51111221222222212222222266
61111222223223332222222226
61111222022233312222222226
61111222222133311222222226
61112222222133311322222026
61112221112111113222222226
6122222122111113332222226
6122212122111111322222225
6612211111111112222222215
611111111111222222111115
661116111622222221122115
61161116222222222122115
6666116122222222212215
6616111222222211115
666111111111111115
6611111111111116
611111111111116
61111111111116
661111111111116
611111111111116
be111111111116
6111111111116
6111111111666
61111111116
pll11ll1llle
6666111111606
66111111166
6661111116
61666666
666
00000

MATERIALS

«3T0E+02 T00E
«370E+402 L054C
«3T0E+02 LO0YH4E
«3T00+02 J054E

«370E+02 LT700C

VDT F Wl

000000000000000000000000000
THIC

140
100

=01

+0
+0
0

«100E=-24 +540€=-01
«3T0E+02 1.00FE+25
=01
«3T0E+02 .054€+0

«370E+02 LO0700E+0

PROJECT REPORT

12
De
70

«2B05E+04
«2B5E+04
«285E+04
«285E+04

«2H5E+04
«2B5E+04
«285E+04
«285E+04

9.2 EXAMPLE CASE'
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AT

1A250.00

10010lboooll

0.25
0425
0.2%5
0.2%
0.00
0.00
0.25
0.25
0.00

200,
200,
200,
200,
000.
000
200.
200.
000.

3360.

1

20.
20.
20,
20.
00.
00.
20,
2“.
000.

o1

0.
DI '
0.
U.
0.
OI
Ne
ul
000.
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130

78
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71
124
125

140
120

Te
168
106

18
179
110

81
180
115

- o —

T0
110
ar

74
125
100

16
140
80

19
165
75

82

168
79

1]
169
103

Th
108
62

17
130
60

79
157
60

84
163
63

81
158
67

93
158
81

100
62

a1
138
40

85

162

40

93
158
50

954
155
55

98
153
67

oo oce oo

2 -

57
26

63
32

71
35
55

r
36
60

a2
90
64

78
160
40

T
i70
40

82
159
S8

100
150
60

119
147
76
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164
140
197

182
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160

175
143
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160
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143
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151
130
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157
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143
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110
130
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133

125
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\

93
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98
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174
110

110
174
115

121
173
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123
164
125

124
154
125

147
123

142
125

135
125

125
125

112
127

114
152

122
134

124
135

126
138
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98

163
93

L1s
165
109

135
168
122

142
168
125

142
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128

139
152
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135
145
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127
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131
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134
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AT }
LK LR R

01T

4 ’.‘Iult‘ L (G

SRR B oy o o o R - - s o R L v v Rt o B e s AR | i ¥ n 1. £ 1 10 IRL R 1 o VAT
s N T R e oy L f G e RERE AR 8o i i) 75 b

L R T
e T

0 0 ] 0 (] ] [ 0
0 0 128 129 129 130 132 133
134 155 136 138 ' 139 ia2 0 0
0 0 0 0
0 0 o o (] "o 0 0
0 0 , 0 130 151 152 133 134
135 137 L 138 141 142 143 0 0
0 0 0 0
0 0 0 0 0 0 0 0
0 3 0 132 133 134 135 137
158 140 142 144 0 0 0 [
0 0 0 0
0 0 0 0 0 0 0 [
0 0 0 0 134 135 137 139
141 142 143 0 (] 0 0 0
0 0 0 0
0 0 0 0 ] 0 0 0
0 0 0 137 0 138 140 142
143 144 0 0 0 0 0 0
0 0 0 0
0 0 0 0 [ 0 0 0
) ) .0 139 0, 0 143 144
145 196 147 148 149 0 0 0
0 0’ 0 ]
0 0 ‘o 0 0 0 0 0
0 0 0 0 0 0 0 0
147 148 149 150 151 152 153 0
0 o 0 0
0 0 0 0 0 0 0 0
0 0 0 0 o 0 0 0
0 148 154 151 152 153 0 0
0 0 0 0
0 ¢ 0 0 0 0 (] 0
0 0 0 0 0 0 0 0
0 150 0 0 0 0 0 0
0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
¢ 0 0 0
0 0 0 0 0 0 [} 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
) 0 0 0
LEAK
1 5 8% (POND 2450 YEARS
0,00 192,00
10950, 192,
10951, 962
18250, 962,
999999, 962,

108 78 109 78 110 7B 107 79 108 79 109 79 110 79 111 79 112 79 106 A0
107 80 108 80 109 B0 110 B0 111 B0 112 8D 113 80 114 80 115 60 105 61
106 81 107 81 108 81 109 81 110 A1 111 81 112 81 113 B1 114 81 115 81
116 81 105 82 106 82 107 82 108 82 109 82 110 82 111 B2 112 82 113 82
114 82 115 82 11e B2 105 B3 106 A3 107 83 108 B3 109 83 110 83 111 83
112 83 113 83 114 83 115 83 116 83 106 64 107 B84 108 84 109 B84 110 &4
111 84 112 84 113 84 118 84 115 84 107 85 108 @5 109 85 110 65 111 &5
112 85 113 85 114 85 107 86 108 86 109 86 110 86 111 86 112 86 113 B8&
108 B7 109 87 110 @7 111 B7 112 @7

END
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GOLDER ASSOCIATES GROUNDWATER COMPUTING SYSTEM
EXXON . MINERALS CRANDON PROJECT
GROUNDWMATER IMPACT SCREENING MODEL
MODIFICATION 6.1 03 DECEMBER 1981

RUN TIME: 12.5T7.49. RUN DATE: B81/12/07.

*» % ® » # & » * 5 3 8

AT N nmnmmmmm I s sy s e e R R
.

EXXON-CRANDON PROJECT REPORT 9.2 EXAMPLE CASE *

-

.
[
.
-
-
L)
.
-
Ll
.
-
L]
.
.
.
AN AR A AR R R AR A AP AR AR AR AR A AN AR AR RN AR A RN A A AR RN R AR R R RGN AR RN hA RSt dARdRAraS

== UNITS ===

TIME UNITS = DAYS LENGTH UNITS = FEET

==~ PROARLEM DEFINITION ~---

GRID SPACING IN X DIRECTION (FEET) bXx = 1000.00
GRID SPACING IN Y DIRECTION (FEET) DY = 1000.00
NUMBFR OF NODES IN X DIRCCTION NX = 28
NUMOLR OF NODES IN Y DIRCCTION NY = a1
TIME STEP (DAYS) TSTEP = 365.00
MAXTMUM RUN TIME(DAYS) TIMMAX = 18250.00
PARTICLE VOLUME (CULFEET) PARTVL = 3300.0000
SUBGRID SPACING IN X DIRECTION (FEET) DXPAR = 200,
SUDGRID SPACING 1N Y DIRECTION (FFET) DYPAR = 333,
NUMRER OF NODES IN SURGRIN X DIRCCTION NXPAR = 140
NUMPER OF NODLS IN SUBGRID Y DIRFCTION NYPAR = 123
PARVICLES ELIMINATED ON PRINT STFP KELIM = 0
RANDOM NUMBER ISEED = 1823976
MODEL TYPE : CONFINLCD ONE LAYER MTIYPE = 3
MAXTMUM INTERATIONS PER TIMF STCP MAXIT = 100
ITERATION TOLFRANCE (FLET) TOoL = 1.
FREQUCNCY OF OUTPUT (ND, OF TIMFSTEPS) OUTFRQ = 10
PRINTOUT OPTIONS (SCE DCTAILS ACLOW) NDATPR =0101000011
RESTART CONDITION RCAD FROM FILE NUMDFR IHEDIN = 10
RESTART CONDTITON WRITTENM TO FILE NUMBER THEDOT = 11
=== PRINTOUT OPTIONS =--=- SELECTED?
DUMP HFADs BOTTOM AND MATERIAL TYPE ARRAY NO
DUMP ML AD ARRAY ON PROGRAM GENERATED ABORTY Yts
PLOT HLAD MATRIXs 20 COLUMNS PER PAGL NO
PLOT HFAD MATRIXs 1 INCH TO 2000 FCLT SCALE YES
PLOT COMCENTRATIGN MATRIXe 1 INCH TO 2000 FEFT SCALE NO .
PLOT SYMUBOLIC ACTIVE AND HOUNRARY PARTICLE SUMMARY NO =K
PRINT DITAILFD PARTICLYE COUNT AY CELL NO
PRINT DETAILED GPADILNTS HY CFLL NO
PRINT [TFRATION IHFORMATION FOR FINITE DIFFERENCE YLS
PRINT SYMpOLIC CONCENTRATION CONTOURS (SUNGRID) YES

~=e DEFAULT VALUES ===

GROUNDWATER HLCAD FLEVATION = 1590, FCET i #
BASE OF AQUIFFR CLLEVATION = 1450, FLCET
MATIRIAL TYPF z 9

AQUIETR THICKNESS T0.N00 FrET
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MATERIAL TYPE MATRIX ===
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=== MATERIAL TYPL DEFINITION ===

TRANSVERSE
DISPERSIVITY

LONGTITUDINAL
RCCHARGE DISPERSIVITY

(CULFEET/DAYS)

PLRMEABILITY

(FEET? RETARDATION

(FEET)

POROSITY

STORATIVITY

(FEET/DAYS)
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«100E+01
«100E-01
«100E+01
«100E+01

«200C+02
«200E+02

0.
0.

«200E+03
«200E+03

g.
[ )

«250E+00
«2950E+00

0.
n-

«29E€+04
+29E+04
« 29404
«29E+04

«10C0+26
«70E-01
«54L=01
«70C-01

«3T7E402
«37E+02
«+37C+02
«37C+02
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=== LEAKAGE HISTORIES ===

HISTORY NO.

v

1

LEAKAGE CURVE

aF

LEAXAGE

TIME

(DAYS)
0.00
10950.00
10951.00
18250.00
999999.00

LI T
108+ 78
109+ 80O
110, 81
110, B2
110+ B3
L1y &4
114, 85
112y A7

esase [NPUT COMPLETE

Y

78
BD
41
82
83
ey
e

RATF

(CULFLLT/DAYS)

192400
192.00
9€2.00
162.00
762.00
Y X
TR 107,
40 112,
el 112,
"2 113,
“i 113,
it} 114,
e 109,

CURYE POINTS

NO o

OF NODES =

NODAL COORDINATES OF LEAKAGE FROM SOURCE

Y

17
%)
el
a2
83
B4
b6

v ¥

79
80
d1
B2
83
B4
86

X o ¥

79
80
a1
a2
83
85
86

X s Y
110y 79
1154 &0
116+ 81
116+ B2
116+ B3
108+ 85
112+ 86

X o
111
1054
105,
105y
1064
109
113,

Y

19
81
82
83
B
85
86

1

X 9
112
106y
106y
1064
107,
110,
108y

Y

79
81
82
83
B4
85
87

L]
106,
107
107,
107,
108y
111
109,

Y

80
81
82
63
X}
85
a7

v« Y

Ao

e2
83
L]
3]
87

X 9 Y

80
81
82
83
84
85
a7
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===AQUIFER THICKNESS (FEET)---

Y= Al
1)
100
191
28)

Y= A0
1)
100
19)
28)

| 39
1)
10}
19
28)

Y= 38
1)
10
12
28)

Y= 37
1)
10}
121
28

Y= 36

10.00
10,00
70.00
70.00

70.00
70.00
70.00
70.00

70.00
70.00
70.00
70.00

70.00
T0.00

7«00
70.00

70.00
50.00
17.00
710.00

70.00
59.00
25.00
70.00

70.00
65.00
32.00
T0.00

2)
11
200

2)
11
20)

20
I
20)

2)
110
20}

2)
11)
200

2)
1)
20)

2
1)
200

70.00
10.00
10.00

70.00
70.00
5.00

10.00
70.00
5.00

70.00
70.00
17.00

70.00
50400
20.00

70.00
56400
27.60

70.00
64.00
55.00

p ]
121
21)

5
12)
21)

3)
121y
21)

3}
120
21

3
12)
21)

33
12?
21)

3)
12)
21)

70.00
T0.00
10.00

70.00
70.00
600

70.00
70.00
7.00

70.00
70.00
16.00

10.00
45.00
24.00

70.00
57.00
31.00

55.00
61.00
39.00

4)
135)

22)

4)
13)
22)

4)
13)
22)

4)
13)
22)

4)
1%)
22)

4)
13)
22y

4)
13)
22)

70.00
70.00
T0.00

70.00

, 70,00

70.00

T0.00

., 70.00

12.00

70.00
70.00
20.00

70.00

43.00
28.00

70.00
46,00
3b.00

70.00
57.00
42,00

5)
14)
23)

59
14)
23

5)
14)
23)

5)
1%)
23

9)
14)
23)

5)
19)
23)

5)
13)
23)

70.00
TD.00
70,00

 70.00
. 70.00

70.00

70.00
70.00
70.00

70.00
70.00
25.09

70.00
34.00
33.00

70.00
3b.00
397.00

70.00
44,00
46.00

1 i)
-n e

6)
15)
24)

6)
15)
24)

61
15)
24)

3}
151}
249)

6)
15)
24)

6)
15)
24)

6)
15)
24)

IR g s, AR

70.00
70.00
710.00

T70.00

70.00
70.00

70.00
70.00
70.00

- 70.00

18.00
70.00

T0.00
25400

70.00

55.00
30.00
70.00

59.00
35.00
70,00

n
16)
25)

mn
16)
25)

7
16)
25)

7

16)
25)

n
16)
25)

7)
16}
25)

7
16)
23)

70.00
T0.00

T0.00

T0.00
T0.00
T0.00

70.00

+ 7000

70.00

70.00

7.00

70.00

T0.00
20.00
70.00

56400
26400
T0.00

60.00
J2.00
T0.00

8)
17)
26)

8)
1m
26)

8
17}
261

8)
17)
26)

8}
17
26)

8)
17)
26)

8)
17
26)

70.00
70.00
T0.00

70.00
70.00
70.00

70.00
70.00
70.00

70.00
5.00
70.00

T0.00
17.00
70.00

57.00
25.00
70.00

63.00
28.00
70.00

9)
18)
21

9)
18)
27

9
18)
2n

9)
18)
2m

9
18)
27)

9)
18)
21

9)
18)
27

T0.00
T0.00
T0.00

70,00
70.00
T0.00

T0.00
T0.00
16,00

70.00
5.00
70.00

T0.00
16.00
T0.00

58,00
24.00
70.00

64.00
30.00
70.00



1

70.00
77.00
39.00
70.900

70.00
87.00
50.00
70.00

70.00
10,00
109,00

70.00

70.00
110.00
140.G0

70.00

70.00
125.00
144.00

70.00

70.00
140.00
142.00

70.00

70.00
147,00
130,00

70.00

70.00
152.00
126.00

70.00

70.00
175.00
123.00

70.00

T0.00
182.00
122.00

T0.00

T0.00
174,00
125.00

7000

mM.00
172.00
123.00

70.00

21
(R R
20)

21
11
200

?2)
1)
200

21
11}
20}

2)
110
20}

o
<

11)
20

2)
11
200

2)
11)
20

2}
11)
201

2}
11)
20)

2)
1)
200

2)
11
20)

57.00
78.00
42.00

58.00
95400
55400

£3.00
109,00
104,00

6£7.00
120.00
125.00

70.00

140,00
120.00

70.00
160,00
196.00

70.00
179.00
110.00

70.00
173.00
115.00

70.00
181,00
112.00

70.00
178.00
113.00

70.00
174.00
115.00

70.00
173.00
112,00

3
12)
21)

3
121
21)

2
12)
21)

12)
21

»
12)
21)

3)
12)
21

3)
120
21)

3)
21

21)

3)
120
21)

3
12)
21)

3
127
21)

3
129
21

59,00
79.00
44,00

£2.00
Y8.00
53.00

65.00
110.00
B7.00

68400
124400

100.00

72,00
140400
80.00

74.00
162,00
15.00

TF«00
179.00
7900

TR.00
180,60
103,00

R3.00
181.00
98.00

HT.00
176400
110,00

70.00
174.00
115.00

10.00
174.00
120.00

L}
13)
22)

4)
13)
22)

4)
13)
221}

q)
13)

22)

4)

13y

22)

4)
13

220"

4)
13)
22)

4)
13)
22)

4)
13)
22)

4
13)

22)-

4)
130
22)

60.00
78.00
48,00

64.00
91.00
54,00

6H.00
110.00
62.00

71.00
12%.90
60,00

T4.00
140,00
60.00

To.00
165.00
65.00

T8.00
168,00
67,00

B1.00
169.00
8100

87.00
172.00
93.00

93,00
174,00
109.00

97.00
174,00
122.00

100.00
173.00
125.00

5
14)
23)

5

140

2%

5)
141
23)

5)
14)
23)

5}
14)
23)

5)
14)
23)

5)
14)
23)

5)
18)
23)

5)
18
23)

5)
14)
23)

5)
14)
23

5)
14)
2N

£5.00
53.00
52.00

AB.00
8G.00
55.00

70.00
108.00
62.00

74.00
136.00
40.00

76.00
157.00
40.00

79.00
163.00
50.00

82.00
15,00
5500

BE. DO
158.00
67.00

9r.00
163.00
93.00

90,00
165400
120.00

110.00
168,00
129.00

121.00
164400
130.00

6)
15)
24)

6)
19)
24)

6)
15)
24)

6)
15)
24)

6)

1501
24)

b)
19)
249)

6)
15)
24)

6)
15)

24)

6)
15)
24)

6)
15)
24)

6)
15
24)

6)
15)
24)

64,00
38.00
5500

T0.00
50.00
60,00

74,00
100400
64.00

77.00
138.00
40.00

79.00
162.00
40.00

84,00
158.00
58.00

87.00
155.00
60,00

93.00
153.00
76.00

98.00
155.00
115.00

114,00
159.00
134,00

135.00
163.00
138400

142,00
163.00
140,00

n
16)
25)

7
16)
25)

m
161
25}

mn
16)
25)

T
16}

250 '

IR
16)
25)

m
16)
25)

7)
16)

25%)

m
16)
2%

i)
16)
25)

7
16)
252

n
16
25)

67.00
35.00
T0.00

72.00
36400
68.00

77.00
90,00
70.00

81.00
160.00
63.00

B5.00
170.00
65.00

935,00
159.00
78.00

94.00
150.00
A0.00

98.00
147,00
90400

116.00
147.00
147.00

140,00
150,00
160.00

153.00
152.00
195.00

165.00
155.00
160.00

a)
17}
26)

B)
1M
26)

8)
170
26)

8}
171
26)

8)
17)
26)

8y’

17)
26)

8)
17
26)

8)
17)
26)

8)
17
26)

8)
1
26)

8)
m
26)

4)
17
26)

TL.00
3%.00
70.00

T7.00
36400
T0.00

B2.00
100.00
70.00

78.00
181.00
70.00

71.00
175.00
6T.00

82.00
150.00
B2.00

100.00
143.00
94,.C0

119.00
140,00
130.00

143,00
140400
16300

160,00
141,00
183.00

168400
143.00
197.00

170.00
147.00
176.00

"
18)
2N

9
18)
2n

9)
18)
Fag)

9)
182
2n

9)
182
27

9)

18)

27

9)
18)
27

9
18)
27)

9
18)
27)

9)
18)
2m

9)
18)
27

9)
18)
27)

.. LRk R s Lptiigl i bt fdt fedhg

T3.00
37.00
70.00

B0.00
40.00
70.00

90.00
108.00
70.00

81.00
170.00
1000

100.00
160.00
70.00

110.00
150.00
70.00

122,00
140.00
70.00

141.00
132.00
70.00

164.00
133.00
70.00

182.00
133.00
205.00

175.00
135,00
200.00

171.00
135.00
T0.00




1
10)
19
28)

Y= 11

1}
10)
19
28)

¥z 10

70.00
167.00
120.00

70.00

10.00
159.00
115.00

70.00

70.00
152.00
115.00

70.00

70.00
143,00
110.00

70.00

70.00
136.00
115.00

70.00

70.00
70.00
120.00
70.00

70.00
70.00
123.0C
70.00

70.00
70.00
128.00
70.00

T0.00
10.00
130.00
710,00

70.00
70.00
131.00
T0.00

710,00
T0.00
135.00
T0.00

70.00
T0.00
136,00
70,00

2)
1)
20)

2)
L1
20)

2)
11
200

2)
11
20)

2)
11
20)

2)
1)
20)

21
11
200

2)
11)
202

?)
1)
200

2)
11?
20)

2)
1)
20)

2)
1)
20)

10,00
l6o.00
110.00

70.00
154.00
11500

70.00
193.00
115.00

70.00
194,00
116.00

70.00
15P.00
120.00

70.00
130.00
123.00

70.00
7T0.00
125,00

70.00
TM1.00
130.00

T0.00
70.00
132.00

TOOUD
70.00
133.00

70.00
1M.00
137.00

70.00
128.00
138.00

31
12)
21)

3)
12)
21

3
12)
211

3
12)
21

3
12)
21

3)
12)
21)

3
121
21)

3)
121
21)

3)
121
21

n
12}
21)

3
12)
21)

3
12)
21

10,00
163,00
125.00

70.00
157.C0
125.00

70.00
152.00
123.00

70.00
143.00
125.00

70.00
136,00
125.00

T0.00
127.00
125.00

70.00
120,00
127.C0

70.00
110.00
132.00

70.00
120.00
134,00

10,00
123.00
135.00

70.00
125.00
138.00

70.00
129.00
139.00

4)
13)
22)

4)
13)

4)
15

aa
<

4)
132
22)

8
13
22)

a)

13)
22)

Y =
RV
-

15)
22}

4)
10
22)

4)
13)
22)

4)
13)

22y

q)
15

2

70.00
164.00
128,00

70.00
154.00
127.00

70.00
147.00
127.00

70.00
142,00
127.00

70,00
135.00
128,00

70.00
125.00
127.00

70.00
112.00
131.00

70.00
114,00
134,00

70.00
122.00
136.00

70400
124,00
137.00

70,00
126400
139.00

70.00
129.00
142.00

%)
14)
23)

S5)
14)
23)

5)
14)
23)

5)
14)

251}

51

14)
23

5)
14)
23)

%)
14)
25)

5)
14}
23)

5)
14}
23)

5}
14)
23)

5)
14)
23

5)
14)
23

123.00
160400
133,00

124400
152.00
150.00

70.00
145,00
130.00

70.00
140.00
150,00

70.00
130.00
130.00

70.00
123.00
132.00

70.00
110.00
153.00

70.00
116.00
136.00

70.00
124,00
137.00

70400
125.00
138.00

70.00
12700
70.00

.00
130,00
70.00

T ;
L4

6)
131
24)

6)
15)
24%)

6)
15)
24)

151

209

6)

15)
24)

6)

15)
24)

6)
15)
24)

6)
15)
24)

6)
15)
24)

6)
19)
24)

6)
15?
24)

6)
15)
2%)

142,00
158.00
137.00

139.00
150.00
133.00

135.00
143,00
155.00

70.00
156.00
133.00

70.00
126400
133.00

T0.00
120.00
70.00

T0.00
105.00
T0.00

70,00
120,00
70.00

T0.00
126400
T0.00

70.00
126.00
70.00

T0.00
128.n0
T0.00

10'0“
132,00
T0.00

"
16)
%)

1)
161
25)

m
16)
23%)

7)
16)
23

7
16)
2%

m
16)
23)

7
16)
25)

7
16)
25)

T
16)
2%)

T
16)
251

7
16)
25)

T
16?
23)

164.00
1%0.00
140.00

152.00
145.00
138.00

142.00
138,00
137.00

70.00
130.00
70.00

70.00
120.00
10.00

70.00
113.00
70.00

T0.00
112.00
70.00

70.00
122.00
70.00

70.00
127.00
70.00

70400
127.00
T0.00

70.00
129.00
?u.un

70.00
133.00
70.00

8)
138}
261

8)
i7)
261

8)
17)
261

81
17
26)

8
17
2b)

8)
17
26)

8)
17)
26)

8)
172
26)

B)
17
26)

8)
17
26)

a8)
17
26)

a)
17)
26)

165.00
143,00
15%.00

158.00
137.00
146400

147.00
130.00
70.00

70.00
125.00
70.00

70.00
115.00
70.00

T0.00
107.00
70.20

70.00
11A.00
70.00

70.6G0
123.00
70.00

70.00
128.00
10.00

70.00
128.00
T70.00

70.00
132.00
70.00

70.00
134.00
70.00

18)
an

18)
27

18
21

18)
2m

9)
18)

an.

9
18)
2m

9)
18)
27

9)
18)
27

"
18}
27

9)
18)
27

9)
18)
27

9)
18)
2n

166,00
134,00
T0.00

160.00
127.00
70.00

15100
122.00
T0.00

142.00
11T7.00
70,00

70.00
110.00
70.00

70.00
113.00
70.00

T0.00
121.00
70.00

70.00
125.00
T0.00

T0.00
129.00
70,00

70.00
129.00
T0.00

70.00
133,00
70.00

T0.00
135,00
T0.00



1
10)
19)
28)

L] 9

1)
100
19)
28)

Y= 9

1)
10)
19)
28)

Y= 7

1)
10)
19)
28)

¥= [

1)
10)
19)
28)

Y= 5
1)
10
19)
28)
Y= L}
1)
10)
19}
28)
¥= 3
1)
100
19
28)
y= 2
1
10?0
1M
28)
Y= 1
1)
10
19
261

10.00
70,00
134400
70,00

70,00 .

70.00
142.00
70.00

T0.00 .

70.00
143.00
T0.00

10.00
70.00
70.00
70.C0

70.00
70.00
147.00
T70.00

710.00
70.00
149.00
10.00

70.00
70.00
150.00
70.00

70.00
70«00
70.00
70.00

70.00
70.00
70.00
70.00

T0.00
10.00
T0.00
T70.00

2)
112
20}

2)
1
20)

2)
11
20)

2}
11)
200V

11
20)

20
1)
200

2)
11
200

2)
11
200

2)
11
20)

2)
11
20)

70.00
70.00
141.00

70,00
70.00
149,00

70.00
70.00
70.00

70.00
7T9.00
7C.00

70.00
70.00
148,00

70.00
70.00
150.G0

70.00
70.00
151.00

70.00
T0.00
70,00

70.00
70.00
70.00

7000
70.00
To.00

3?
12)
21

3)
121}
21)

3
121
21)

3)
12y
21)

3

12)

21)

3)
127
21

3
12)
21

3)
12}
21)

3
12)
21)

3)
12
21)

70.00
130.00
142.00

70.00
132.00
70.00

70.00

77.00
70.00

70.00
137.00
70.00

70.00
139.00
149.00

T0.00
73.00
151.0C

TU.00
mMm.o00
152.00

ra.o0
1M.00
71C.00

70.00
70.00
70.00

70.00
70.00
70.00

a)
1
221

15
221

%)

REY)

221

4)

150

22)

4)
132
22)

)
13)
22)

4)
1%
22)

ay
15
22)

4)
13)
22)

4)
13)

22y

T0.00
151.00
143.00

70.00
133.00
70.00

70,00,

134,00
70.00

|
70.00.

70.00
T0.00

70.00
70.00
70.00

70.00
70.00
152.00

70.00
70.00
153.00

70.00
7T0.00
70.00

70.00
70.00
10.00

70,00
70.00
70.00

5)
14)
2))

5)
14)
23)

5)

. 148)

25

5)
14)
23)

5)
14)
23

5)
14)
23)

2)
18)
25

59
13)
23)

5)
14)
23)

5)
14}
23)

®
¢

70.00
152.00
70,00

70.00
134,00
10.00

70.23
132,00
70,00

710,00
138.00
70.00

70.00
70.00
70.00

T0.00
10.00
153.00

70.00
70.00
70.00

70.00
70.00
70.00

70.00
7G.00
70.00

70.00
70.00
70.00

6)
15)
24)

61
19)
24)

15)
28)

6)
15)
24)

&)
15)
24)

61
15)
24)

&)
15)
24)

6)
15)
24)

6)
15)
24)

6)
15)
24)

T70.00
133.00
7000

Tﬂouﬂ
135.00
70.00

70.00
137.00
70.00

70,00
1a0.00
70,00

70,00,

143.00
T0.00

T0.00
70.00
70.00

70.00
70.00
70.00

70.00
70.00
T0.00

70.00
70.00
70.00

70.00
70.00
70.00
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16)
25)

7)
16)
25)

7
16)
25)

3
16)
25

n
16)
25)

1)
16)
25)

7
16)
2%)

IRl
16}
25)

. T
16}
25)

T)
18)
2%)

70.00
134,00
T0.00

70.00
137.00
T0.00

T70.00
139.00
70.00

70.00
142.00
70.00

70.00
144.00
70.00

70.00
70.00
70.00

70.00
70.00
70.00

70.00
T0.00
70.00

70.00
70.00
70.00

70.00
70.00
70.00
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d)
1m
26)

8)
17)
261

8)
i
26)

8)
17
26)

a)
17
26)

8)
17
26)

R
17
26)

8)
17)
26)

8)
1
26)

8)
i
26)

v

T0.00
13%.00
70.00

70.00
138.00
70.00

70.00
141.00
70.00

70.00
143.00
70.00

70.00
145.00
70.00

T0.00
147.00
70.00

T0.00
70.00
70.00

70.00
70.00
70.00

70.00
70.00
7000

70400
70.00
70.00

k2]
18)
2mn

9)
18)
27

9
18)
2N

9)
18)
27)

9
18)
27

9)
18}
21

9
18)
27

9)
18)
21

9
18)
z2n

9
18)
2m

it if e I 4 by g
g ien] § M i e 1% Hl

70.00
137.00
70.00

70.00
140.00
70.00

70.00
142.00
70.00

70.00
144,00
70.00

70.00
146.00
70.00

70.00
148400
70.00

70400
14B.00
70.00

70.00
150,00
T0.00

T70.00
T0.080
70.00

70,00
70.00
70.00



RESTART CONDITIONS @
TIME TO BEGIN SIMULATION

NUMARER OF PARTICLES
HEADS IN FECT AT TIME

15%6.61
1566495
1535.94
1549.83

1596.26
1565.81
1534.00
1549, 82

159558
1563.498
1534.00
1549.91

1594.59
1559.88
1536453
1550.28

1593. 30
1554.97
1537.66
1551.04

1591.74
1549,20
1538.77
1552.21

2)
11)
200

?2)
11)
20}

2)
11)
200

2)
1
200

2)
11
201

2)
i
20)

1595.85
1561495
153663

1595450
156066
1935.48

1594.40
1£57.98
1534.00

1593. 78
1553.b6
15356.02

1592.47
1546.49
1536.%9

1590.488
1935,00
1556489

SIMULATION INITIALIZED BY RESTART FILE

EXXON=CRANDON

0,000 DAYS
0

0.000 DAYS

1594,35
1557. 19
1537.38

1593.97
1555479
1536019

1593.24
1553. 04
1534.00

1592.17
1548. 78
15355. 36

1590.80
1542.84
1535.28

1589.16
193%.00
1534,00

1592.12
1552.58
1538.22

1591.71
1551.22
1536.78

1590.91
1548.50
1534.00

1589. 76
1544. 48
1554.90

158R.29
153% 61
1534.617

1586457
1535.00
1554.00

5)
14)
23)

5)
14)
23)

5)
14}
231

5)
14)
25

5)
14)
23

5)
14)
23)

158%9.19
1548.,28
1535939

158873
1546.90
1537.62

1587.84
1544.15
1534.00

15864586
1539.93
1534459

15R4,95
1535.00
1534.00

1583.09
1535,00
1834,00

&)
15)
24)

6)
15)
24)

6)
15)
24)

6}
15)
24)

6)
15)
24)

6)
15)
24)

CALIBsCALIBRATION

1585.63
1544,.26
1541.235

1585.09

1542.87

1539.22

1584.05
154017
1534.00

1582458
1535.00
1534.00

1580.75
1535.00
1534.00

1578.70
1538.9»
1530,.52

DATA.

1581.50
1540.54
1543.99

1580.86
1539.02
1542.935

1579.61

1537.57
1541415

1577.84
1535400
1540.88

1575.68
1537.40
1541.53

7Y 1573.33

15a40.,08
1543,89

1576.91
1537.25
1546070

1576.12
1534.00
1546426

1574.59
1535.00
1545.69

1572. 39
1535.00
1545.73

1569.71
1538.42
1546445

1566.87
1540419
1547,90

~9)
18)
2Mn

91
18)
2n

9)
18)
27

9
18)
27

N
18
27

9)
18)

- an

REVISED 10/8/781 (BRACRETY)

1572.00
1536.10

1548.7%

1571.04
1534.00
1548.61

1569.13
1535.21
1548.53

1566432
1536.58
1548.79

1562.79
153824
1549.54

15%9.,06
1539.79
1350.76



100

10}

Yz 18

10)
19
280
Y: 19

--—_*----

1%89,94
15464867
1540.22
1553. 72

1587.,92
194%.09
1542413
155553

1585. 70
1543,51
1543.86
1557.67

1583.28
1540497
1546.68
156023

1580. 66
1535.00
1549,95
1563.28

1677.85
1535, 00
1553.50
1566484

1574.85
1535.00
1557.10
1570.83

1571.65
1538.02
1560. 66
157506

1568.28
1537.69
1563.98
1579.26

1569.79
1535.00
1567.04
1583.13

1561286
1535.00
1569.86
1586450

1557.82
1535.00
13572433
1589.27

2)
i
20)

2)
1

20)

21
11)
200

2)
1
201}

2)
11}
20)

20
11
20)

2)
11}

S22

23
112
200

2)
11
200

2)
112
20)

2)
11
20)

2y
11)
2m:

1589. 08
1335.00
1537.72

1587.03
153500
1539.60

1584.79
1535.00
1540480

1582.57
1535.00
1544.04

1579. 75
1535.00
1548455

1576e 34
1536+ 6%
1552.R6

197 3.%4
1935400
1557.23

1570.72
1535.00
1561.46

196731
1555.00
1565.33

1963.74
1535.00
156882

156007
1539.33
1571499

1596. 48
1558.84
15T74,80

3
12)
21)

3
12)
210

3)
12)
21

3
12)
21

- 3)
12)
21)

3)
12)
21}

3)
12)
21}

3
12)
2D

rD -
-,

3
120
21)

5
12)
211

3)
12
21)

1387, 50
1536.9¢6
1534.00

1585.23
153hk.13
1534400

1582.98
1539. 71
1534,00

15R0.55
1540.25
1542.11

1577.94
1540. 38
15496.28

1575 14
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SLICE NUMBER

41 A9.1 90.8
40 BB.B 90.5
39 B&B.3 90.0
38 B7.5 89.2
37 Bo«3 BB.1
36 R4.9 86.8
35 B3.0 €54
34 Bl.5 84,0
33 B0.0 B2.7
32 #0.0 Bl.7
3! B0+0 BO0.O
3p HS.1 80.0
29 84.9 B2.0
28 6.1 25.0

27 BT.3 85.0
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TTERATION ®

¥ 1o

3 TIME = 186195,000 DAYS

HEADS IN X DIRECTION (FROM 1500 FT.
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2% 89.9 90.0 90.6

24 90.3 90.3 93.5
" 23 90.% 90.4 95.3 .
22 9042 90.2 9640
21 89.8 89.8 95.6
20 8943 B9.8 99.2
19 86.8 90.3 91.6
18 B7.2 8Ba4 89.2
’ |
17 £5.2 85.9 Bbad
|
16 Bl.a B2.5 R3.1,
» |
15 7740 78+4 7942 ‘

|
\
1% 71.9 Ta.0 75.0

13 667 69.5 70.8

12 6241 653 6648

11 5843 617 ;5.3

10 55.9 58.6 6042

9 53.1 5641 57.7

8 51.3 S4.1 55,9 :
\

T 49.6 5243 5347

6 47.9 50.8 52,2

5 4644 49.5 5140

A 45.7 48.8 50.3

3 457 4Be5 4949

:
|
|

2 46,3 48,06 49,8 i
\
\

1 46.7 48,7 49,8
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APPENDIX C

Program Listing



PL
57

FHOGRAM RANWLK 747115 “OPT=0 FIN 5.04508

nn.‘!nﬂnﬁnnnnﬂﬁﬂﬁnf‘!nnnr‘)nﬂnnmnﬂn

MO *reOAANONANO0AN0N0

iz NgEnl
R

PROGRAM KANWLK CINPUTOULTPUTTAPELSINPUTATAPEG=0UTPUT,y

1 DERUG=0UTPUTSTAPELIN+TAPELL4TAPELZ2+TAPELD)
ARRAYS
CALLS
TRACE

e s e R R R R R R A R N A R AR AR ]

ese GOLDER ASSOCIATES GROUNDWATER COMPUTING SYSTEW «se
VERSION 6.1 04 DECEMDER 1941
( COMPINED IADI AND PARTICLE PUSHER “OODELS ?

THIS VERSION IS & COMGINATION OF THE FINITE OIFFERENCE
HEAD SOLVER PROGRAM ANL THE RANDOM WALK SOLUTE TRANSPORT
MODEL .«

HEADS ARE COMPUTEOD BY SOLVING THE TRANSIENT EQUATION OF
GROUNDWATER PYESSURE DISTRIBUTION USING A FINITE
DIFERENCE APPROXIMATICN. THL GOVERNING EGUATION
AND SOLUTION METHDDOLCGY ARE  DOCUMENTED
IN:
“SELECTED DIGITAL COMPUTER TFCHNIQUES FOR GROUND=
WATER ROSOUKCE EVALUATION®
TeAe PRICKETT AND CoeGe LONNGUIST
TLLINOIS STATE wATER SURVEY sULLETIN 55
1971

THE RANDOM WALK MOODEL THACKS A MASS OF SOLUTE WwHICH IS
IVEALIZLD AS PARTICLLS.TRANSPORT [S MODELED 3y COMPUTING
THE X,Y COOKRDINATES GF EACH PARTICLE AS TMEY ARE MOVED
BY BOTH GRADIENT IKDUCED MOTTION AND UISPERSIVE MOTION.

VERSIOM 6e0 INCLUDES THE FOLLOWING OPTIONS?

- SEPERATC HEA[D AN PARTICLE GRID SPACING

- NODE Y NODE INPUT OF LEAKAGD PONDS

- VARIABLE THICKNESS ARRAY

- ONC LAYER MODEL (REMNANTS OF 2 LAYER MODEL REMAIN)

- RESTART FILES (IANPUT AND QUTPUT)

- SINGLE CHARACTER GUTPUT YATRIX AT 1 IN. TO 2000 FT.
SCALE FOR 200 X 133,33 FT. PARTICLE GRICS

P Y S e s e e e N R R A R R R R R A R R R L

COMMON/PARMS/HEAD(2He41) ¢HOLD (28441 9b0OT(2H A1)y
1 TU2Hg41 42 sRE2B941)eMATLI2H41 )y
2 GXC2Bs641)4GYCZRya1) o HYPI2B441) o THICK(2Haal)

COMMON/CONTRLZTSTEP 3 X yNYoDXgDY o TIMMAX Y QUTFREGNGATPRI1I0) 9 LUNIT
1 TUHTIToTITLECR) o TOLeMAXIToMTYPEZNLPARTVL ¢
2 FHEOINS IHECOT o ISELD

B1/12/07. 12.15.58 PAGE 1 .
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PROCRAM RANWLK Ta/t 1y OPT=D FTN %.,0+5046 ‘81}12/07- 12+15.58 PAGE 2

ik

4“9
’ 60 C

-~
(=
(]

o
=
o
[z Nz Ne]

e
x
(]

L
PANMMARE 7 bt s~ g biepe

COMMON/ZPARTIC/ X(25000)4Y(25000)4NOUT(15Cs150)40XPARsUYPARS
I NXPAR+MYPARKELIM !

COMMON/MATER/ NMAT4RL U203 4DTU20)4A(20) 4K(20)+5(20)+REC20)4PORI20)

COMMON/LEAKZ MLEAR sHMODES(20) +NLPT(20)4TME20420)¢«RATEC20+20),
1 NODESt2N41D042)

COMMON/ERRGR/ERRCODLERRARG(10)

REAL DXeKoTSTLPyALPHAZTOLsERRARGSTIMMAX

INTEGER MXathYsNUMIToTUNITSLUNITLOUTFRG9OUTKATERKCOD
THTESER “axlT
INTEGER TITLE

GET DATF AND TIME
CALL CLOCKCITIME)

CALL DATECIDATE?
TIME = 0.0

READ IN CATA AND ECHO BACK TO PRINTER

ERRCOD = 1
CALL TMPUTC(ITIMESIDATE)
IF(ERRCOD.LL.0)GD TO 34
CALL F©RPROC
IF(ERRCON.GE«100) GO TO 300
R4 CONTINUF

INITIALIZE VARIAKLES

DTFAC = 1. R
DTMAX = TSTEP .
NTOTAL = O !

READ HEADS FROM RESTART FILE

IFCIMEDIN oLEe 00 GOTO B85
ERRCOD = ©C
CALL HEDIMN(TITLE y IHEOINaNXaNY yHEAD o TIME o TUNIToLUNIT o X0 Yy
NTOTALY

IF (ERRCOD +LE. D) GOTO B85
CALL ERPROC -
IF(ERRCOD .GE. 100) GOTO 900

BS CONTINUE

IFLERRCOD «LEs 0) GOTO 90 '
CALL ERPROC '
IF(ERRCOD «GE« 100) GOTO 900
90 CONTINUE
INITIALIZFE BHRAYS
D0 100 1=1+NXPAR
DO 95 J=1+NYPAR
NOUT(]0)=0
95 CONTINUE

¢ € & & ¢ LU ® & O e o e o O & o b & & o VL v

B LT T I et g e S e
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GRS i ] p il R 4 e b RAN RS et LA R 0N e T A e s




1 B-]
11¢
17
118
119
120
121
112
122
124
125
126
127
1B
129
150
151
132
155
134
139
136
137
134
&
l1ar
Lal

143
1na
145%
146
147
14k
149
150
191
152
1'5:3
194
145
1h6
197
158

159
160

1461

162
163
LGs
1695
I6b
167
168
169
170
17t

PROGRAM RANWLK

100 C

Ta/175 OPT=0

NNTINUE

DO 110 I = 1a.NX

105
110 ¢

CensPLACE RESTART PARTICLES % #»

C

IF(IMEDIN.EQ.N) GO TO 111

DO 105 J=14NY

HOLD(T +d) = ACADL] 4J)

CONTINUE
ONTINUE

DO 112 NP = 1 NTOTAL

CALL FIMDUOXI{NP )4 YINP) ¢DXPARSDYPAR,NX
NOUT (NS «MS)I=NCUT(NSeMS D+

112 CONT INUE
111 CONTINUE

C INITIALIZE COUNMTER FJIR OUTPUTTING HEADS LVERY “OUTFRQ®™ TIMESTEPS

OUTKNT = 1

C «#ann

START TIME STEP LOOP weee

NT=D
120 CONTINUC

130
140

150

s NaNe]

160

TIME = TIME ¢ TSTEP
NT=NT+1

IF(MTYPE EQ. 3) GO TO 140

SOLVF FOR HLADS IN UPPER LAYER

ERRCOD = 0
L =1

CALL TADICLoNToTIHMEoNUMITSEEMAXD

IF(ERRCOD .LF. D) GOTO 130

CALL ERPROC

1F(CRKCNTY .GE. 10U0) GOTO 900

COnTINUE
CONTINUE

1IF(MTYPEL LCC. 2) COTO 150

SOLVE FOR LOWJER LAYER HEADS

ERRCOD = 0
L =2

CALL ITANDI(LWNToTIME o HUMIToEsEMAX)
IF(ERRCOD +LEe. 0) GOTO 150

CALL ERPROC
IF(ERRCOD +GE. 130}
CONTINVE

COMPUTE INTER-LAYER LEAKAGE

IF(MTYPE «NF. 1) GOTO 160

ERRCOD = 0
CALL LEAK

IF(ERRCOD +LE. D) GOTO 160

CALL ERPROC

IF(ERKCOD +GE. 100) GOTO 900

CONTINUE

FIN 5.0+508

PARyNYPARGNSeMS)

81/12/07. 12.15,58
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172
173%
174
17%
176
1t
118
179
140
181
182
I8s
1P 4
149
146
Lu7
118
1 M9
190
191
192
193
194
195
196
197
178
199
<00
201
202
29753
JNa

FPROLRAM RANWL

1e2

165

[a N

[z NaNe] [z NaNal

s Nalal

I
9995

1

2

A0 O00

o0

.y

L Ta/175% QPT=0 FTN 5.0+508 ElliQIDT- 121558

SOLVE FOR SOLUTE TRANSPORT IF PARTICLE VOLUME > 0
IF(PARTYL.LE.N) GOTOD BOD

GEMERATE NEw PAKRTICLES

CRRCOD=0

CALL GENERATH(TIME.NTOTAL)

IF(ERRCODSLESN) GO TO 162

CALL ERFROC

IF(ERRCON.GE-100s) GO TJ 900
CONTINUE

SOLVE FOR SOLUTE TRANSPORT IF NO. OF PARTICLES > 0
IFI{NTOTAL«LE.D) GOTO B0OD

COMPUTE NEW GRADIENTS
FPRCOD = O
CALL GRADNT

IF{ERRCODLF«0) GOTO 165

cALL ERPROC

IF(ERRCODLGEL100) GJTO 900

CONTINUE

DO 180 NP=14NTCTAL

FIND THE MEAD SOLUTION CELL THE PARTICLE IS IN

CALL FINDEXCINP) o YU(NP) aDXoDY s NXgNYsNNMM)
MAT=HATLINY g MM)

IF POROSITY OF CELL IS Z2EROy DO NOT MOVE PARTICLE
IFUA(MAT)LE«D.0) 50T0 180

FIND THME SOLUTE TRANS. CELL THAT PARTICLE IS IN

CALL FINGUX(MP)4Y(NP) yDXPAR4DYPARJNXPAR+HYPARINSoMS)

DECREMENT QUTPUT MATRIX PARTICLL COUNTER

NOUTUNSsMS)I=NOUT(NS«MS5)-1 -

MOVFE PARTICLE
WRITE(649993) NP o AINP) ¢ VINP) s MATyOL(MATI4DTIMAT) yA(MAT )y
GXU{NNgHM) ¢GY INNpMM)
FORMAT(SXy"NPZ" ¢ 154" X2 oeFBs20" YZMoFRa?29" YAT="y 15,
% DL="gFRa2e™ DT2"gFla2e" AZ" FBa29" OX2¥oF1045
" GY="+F10.5)

CALL MOVEC(XINP) ¢ YUINP) oDLUMAT) sOTUMAT) yACMAT) s HYPUNNsMHD,y
GXCNNeMM) 9 GYINNsMM) o ISEED)

FIND CELL THAT PARTICLE HAS MOVED TO

Rt

PAGE
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P30
250
241
»82
it
258
239
PRYS
231
258
239

¢9l

254
299
T
PN
2658
299
260
2h1
262
263
JhY
chh
Jnb
261
26h
269
2170

284h

1 v,

PROGHAH RANWLK

180

s0n

C
c9990

2010

8ot

2015

2020

2025

808

(al

810

c
€9991
(4
c
C

747115 oOPT=0 FIN 3.0¢508 81712707, 12,1%.38

CALL FINDUXENP)Y o YU(NP) o DXPAR4DYPAH ¢ NXPAR¢NYPAR +NS+MS)

INCREMENT OUTPUT PARTICLE MATRIX COUNTER

NOUT (NS +MS)=NOUTINSyMS) ]
CONTINUE

OUTPUT RESULTS IF DESIRED
CONTINUE

IFINT NE. 1
OUTKNT = OUTKNT +

«ANGs NT oNE.
OUTFRQ

OUTKNT) GOTO B1O

JRITEL(649590) NCATPR

FORMAT(//5Xe™] GOT INTO PRINT SECTe"410I[1}
[FLAG = n
IF(NOATFR(3)«GEL1)CALL OUTPUTC(TIMEZWNUMTITHEsEMAXD
IF(NGATPREADGESIDICALL DUT2K (1o TIMEZWNUMITAESEMAXD
IF(NDATPARES) oGE ol s ANDSNTOTALGTo0) CALL OQUT2KEZ24TIMESNUMITYy
EsCMAX)
IF(NDATPRIAE)GEl « ANDSNTOTALGTL0ICELL PLOTI(NXPARINYPAR,
NOUT,TIME)
IFCNDATPRI(T7) «GEaloANCNTOTALGTW0)
IFCIFLAG «NEWw T) GOTO0 607
WRITE(642010) TI™E
FORMAT(1Hle/5Xe™#a PARTICLE COUNT AT TIME =
" oean/f/t)
CALL PLOT
CONTINUE

IFLAG = 7

"yF12.20

1IFINDATPR(R) .LE. 0) GOTO 808
WRITE(H42015) TIMEC
FORMATCIHY 9 /5Xe"es GRADIENTS AT TIME = "4F12.2y
" oeam/[100e = GX =="/[) -
CALL PLOTRIGXsNXgNY)
WRITE(Ls2020)
FORYAT(// /5Ky "== GY =="//)
CALL PLOTRU(GYsNXyNY)
JRITECB2N25)
FORPATC///DKa == HYP =="//[)
CALL PLOTRIUHYPyNXeNY)
CONT INUE
IFCNDATPRC10)«GES1)CALL OUTSK(TIMESNUMIToE9EMAX)
FLIMINATE IMACTIVE PARTICLES AFTER EACH PRINTING
IF(NTOTALLGT«0) CALL ELIM(OX2DYoNX4NYNTOTAL)
CONTINUE
IF(KELIM.EQal o ANDSNTOTALLGTA0)CALL ELIM (OXeDYoNXoNYNTOTAL)

WRITEC6+9991) NDATPR
FORMAT(/5Xs"] GOT PAST PRINT SELCTION ",10[L/)
ADJUST TIME STEP
TSTEP = TSTEP » DTFAC
IFCTSTEP .GTe DTMAX) TSTEP = DTMAX
TR L BRI R h LRI Al T ~ st bR ':W.a-
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PROGRPAM RANWLK 74/11% OPT=0 FTIN 5.0+508 B1/12/07+ 12+15.58 PAGE ¥
) .
"o C ssas END TIME STEP LOOP #es»
2K .t} i
2bd IFCTIME.LE«TI%MAK) GO T0 120 .
JH9 Cc
290 c CHECK FOR OUTPUTTING RESTART FILE V
2491 C -
B IFCIHEDDT oLE. 0) GotTo P20
253 ERRCO0 = 0 )
c94 CALL IIE_T,I"-UHTI1LE|[H[EGT~.M€-N‘f.H[AD;'Ill'E-TUNIF-LUNIT.!:Y.NTOTAL) 5 Y S S
29% [F(ERRCOL «LE. 0) 6OTO 620
2496 caLL ERPSDC )
287 IF(ERRCOD «GEe« 100D G0TO 900
e 820 CONTINUE . —_— =
2u9 c )
sel C CND RUN
sel
02 JRITC(642007) ,
503 2000 FORMAT(//" =ssee END PROGRAM «eaem™//)
30na
JES 900 STOP - ,
j0e END i 3
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SUBRNUTINE

IHPUT Ta/11% OPT=0

FTN 5.0+508 81/12/07. 12.15.58

INPUTCITIMESIDATE)

[.-o.pcna-uuo.-.o-no-n--.t--'.nonal-aarqnao-o.ntac'n-t-ia---cn-c-in-q-

THIS SUPROUTINE REAUS IN THE REQUIRED DATA TO MODEL
A GIVEN PKRORLEM. THE PARAMETERS AHKE INPUT ACCORCING
TO FIXED FORMATe ALL FIELDS ARE 10 CHARACTERS WIDE.
THE DATA IS ECHOED BACK TO THE PRINTER FILE AFTER
fach LINE IS RCAD.

SEE MANUAL

unq‘tﬂ-.-ntluq'o-n-n-.on-a-cgtlonlnn-.-on.n--o-.n..-on----nﬁncﬁq]-qne

COMMON/PARMS/HMEAD (2R A1) JHOLC (2544109 U0TE2H4 A1)

TU28+8142)9RE289481)+MATLE2B491)y
GXU2By8 1) oGY(28541) yHYP(2By41)+THICKI2B441)

CDMﬂGNfCGNTRL/ISI[P.hIoNT'ﬂX|UYvl]“HAXcOUTFRG'NDATPRIlﬂ)oLUNIT'

TUNTToTITLECH) o TOL yMAXIT4MTYPL4NLPARTVL o
THEDINS THECOT ISEED

COMMON/PARTIC/ X(25000)4Y(25000) ¢NOUT(1504150)+0XPARGDYPARY

COMMON/MATER/ NMATCLE20)eDT(20) yAC20) 4K 1(20)45C20)4REC20)4PORC20)

COMMON/LCAK/ MLEAK ¢NNDDESC20) oNLPT(20) «THM(20420)+RATE(20+2004

NODES(20410042)

COMMON/ERROR/F2RCODSERRARG(LN) w

INTFGER FRRCOD4LUNIToMAXIT4NX4NY4OUTFRGSTITLE

CHARACTLR*S NANS(I0)4MTO(3)425

LEAKY TWOD LAYER®4*UNCONFINED ONE LAYER',

*CONFINED ONE LAYER'/

READ TITLEZUNITS AND SINGLE VALUE PARAMETERS

cCs$ ARRAYS
cCs TRACE
C Cs CALLS
c
C
c FUNCT ION =
C
(i
C
(s
E
c PARAMETERS=
C
C
C
1
2
C
1
?
£
I HNXPARGNYPAR «KFLIM
c
C
1
C
c
REAL KsLAYERPTEMP(5N)
C
INTEGER TULITH1TEMPELD)
DATA MID/*
.
C
(& FORCE 1 LAYER MODEL
C
NL = 1
C
c
C

READ(S41010) TITLE  ~
1610 FORMAT(HALO)

IF(EOF (5)

«ME. 0)60TO 900

WRITEC(Ge2010) ITIMEIDATESTITLE
2010 FORMATI®IM o/ /XN eH2E s ) /SRa oy QX e/ 0N q 2" y17Xy
1"GOLDER ASSOCIATFS GROUNDWATER COMPUTING SYSTEM g L TX g "/
25N aM g HON " s " /K e ™ s g 29Ny "EXXON MINERALS CRANDON PROJECT™y 25X
B4 am /5K 4 M HON " e /5K e e " 423X s "GROUNDWATER IMPACT SCREENING MOO™s
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Sf

SURROUTINE

INPUT T4/175 OPT=0 FIN 5.0+504

AREL® 423X 4" e "/ g e Mg OX e/

65Xe™ 4" 423X 4 "ODIFICATION 6.1 03 DECEMBER 1GB1"423Xeme"/
I AXe"a®yBOXe"a/9Xemam 1EX4"AUN TIML: "yA10,

1 SX4"RUM DATE: Ma A0l TNy "/
75!-"'|80t|“-*lblyﬂ?("1'1/5X|"'"oﬂﬂi-“'"fﬁlv""-ﬁﬂlﬂn""/
KSNQ'"‘HLIIQ""'ff)an?‘“"'),)

READ(S¢1015) TUMTTHLUNIT
1015 FORMAT(AAs6XsAN)
IFCEOF(5) «NE« 0) GOTO 900
WRITF(Es2015) TUNITSLUNIT
2015 FORMATE/17Xe"==~ UNITS ==="//
1 EXe"TIME UNITS = "4A8¢5Xe"LENGTH UNITS = "eh4/)

REAU(S1020) DXaDYsNX oMY TSTEP ¢ TIMMAXWPARTVL
1020 FORMAT(2FL10.0+2110+3F10.0)
IF(EOF(S) «HC. 0) GOTO 900 !
WRITE(R+2020) LUNTTaOXsLUNIToDYsNXgHY o TUNTToTSTEP# TUNIT
. TIMMAX 4 LUNTT4PARTVL
2020 FORMAT(/19Xs"--- PROBLEM DEFINITION )ty
SX4*GRIOD SPACING IN X CIRECTION (*3AGe* )y 15Xa*0X ="4F10.2/
5%4*GRID SPACING IN Y CIRECTION (P4A4y*) 415X DY ="4F10.2/
SX4*NUMBEK OF NODES IN X LIRECTION®#17Xe*NX =v4110/
EX y*NUMDER OF NOCES IN Y DIKECTION® g 19X *NY =%4110/
SXy*TIME STEP (®4A44a %) "y 30Xy *TSTEP =v,F10.2/
EX 9 "MAXIMUM RUN TIME(*9A8,")* 423X ' TIMMAX =*yFl0.2/
GX 4 *PARTICLE VOLUME (CUL*9A44* 1" 320Xy "FARTVL ="4F1D.4)
R[hO(S.]UZl)DXPARgDTPAR.NKPARnNtPAR-K[LIM
1021 FORMAT(2F10.042110412
WRITF(6+2021 ) LUNIT4LXPARGLUNITsDYPARJNXPAR ¢+ NYPAR
2021 FORMATU/
* S5X4*SUPGRID SPACING [N X DIRECTION (P R4 4" * Iy "OXPAR =*4F10.0/
*« SX,*SUBNGRID SPACING IN Y DIRECTICON (Pehuy?) 49Xy *NYPAR =%4F10.0/
.
*

> » » o » % F @

X4 *NUMBER OF NODCS IN SURGRIN X CIRECTLON®BXe*NXPAR =%,110/
4X s *NUMGER OF NODES IN SUBGRID Y OIRECTIONT+8Xe*NYPAR =%4110)
IF(KELIM.LF.0) GO TO 70
WRITE (642022) ®FLIM
60 TO 159
70 JRITEL642023) KELIM
2023 FORMAT(SX, "PARTICLES ELIMINATED ON PRINT STEP®,12Xs"KELIH =ty 110/)
2022 FORPAT(5Xy"PARTICLES ELIMINATED OM TIME STEP® 413X, *KELIN =',110/)
75 READ(5+1025)1ISFEDsMTYPEs MAXIToTOLsOUTFRUS (NDATPRIII 4114100,
1 IHEDINS [HEDOT
1025 FORMAT(S31104F10.04100110+4101142110)
IF(EOF (5) .NE. D) GOTD 900
IF{MTYPE .EG. 0.0R. MIYPE LEG. 1) GOTO 920
WRITE(69cD25) [SCEDy*TO(MTYPE) ¢MTYPEGMAX Ty LUNTTTOLsOUTFRQy
1 (NDATPHCID o151 9010} ¢ IHERIN 9 THEDOT
2025 FORMATU
LXK PRANDOM NUMBER®,33X4*ISFED =%,110/
SX 4 PMODEL TYPE & ®oRe TR "™MTYPE =%,110/
Sy YMAXKTHUM INTCRATIONS PER TIME STEP'413Xe"MAXIT =%4110/
OX s TTERATION TOLEKANCE ("ghaq®)®y22x2*T0L =%4F10.0/
5Xs*FRCQUENCY OF QUTPUT (HO. OF TIMESTEPS)*47Xe*OUTFRG =110/
OXe*PRINTOUT APTIONS (SEE UDETAILS (CLOW)*+9X¢*NOATPR =*41001/
SX ¢ *RESTART COMDITION READ FROM FILL NUMBER®+6Xe*IHCODIN =v4110/
Xy "RESTART CGNDTITON WRITTEN TO FILE NUMBER IHEOOT ='4110/7)

LR T B I

EORC Y Pt oa qar T ' ’r . = PR

A1/12/07« 12415458

ol A At e A

‘Uﬁ“ﬂwavﬂﬂ§5¢4-;-*—ﬁ,swp

PAGE

v ® e w & e e o e

® L & & ® © & o v

o W ML T A

r

wE

o

s




115
116

118

157

162
168
165
leb
1617
164
169
1ro
171

SURROUTINE

FTN 5.0+508

Ta/11% OPT=0

INPUT

WRITE(E42200)
2200 FORMAT(/S%y*-=-- PRINTOUT OPTICONS -==%430Xs *SELECTED?")
no 130 NPRGPT=1410
MAMS (NPROPT)="NO *
IF(NDATPR(MPROPT).GE«1) NANSINPROPT)=*YLS®
130 CONTINUE
WRITE(6s2210)
2210 FORMAT(/

(NANS(NPROPT) 4 NPROPT=1410)

45X ¢ *DUMP HF ADs HOTTO™ AND MATERIAL TYPE ARRAY Y abXe A/
e5X,*HUMP HEAQD AKKAY ON PROGRAM GENERATED ABORT YabXeAS
#5Xe*PLOT MEAD MATPIXe 20 COLUMNS PER PAGE Y a6Xe A/
sHXe*FLOT HEAD MATRIXe 1 INCH TO 2000 FEET SCALE *abXe A/

INCH TG 2000 FEET SCALE*«6XeA/
tabXe A/
*abXe A/
*aENe A/
v S EXg A/
" L6XsA)

#5X ¢*PLOT CONCENTRATION MATRIX. 1
s9Xe*PLOT SYMIOLIC ACTIVE AND (IOUNDARY PARTICLE SUMMARY
s5Xe*PRINT GETAILED PARTICLE COUNT 8Y CELL

«5Xe*PRINT TFTAILED GRADTENTS BY COLL

a5Xe*PRINT 1TCRATION I[NFORMATION FOR FINITE UIFFERENCE
»5Xy *PRINT SYMROLIC CONCENTRATION CONTOURS (SUBGRID)

o

C READ DEFAULT VALULCS

WRITE(B+2026)
2026 FORMAT(//5XNy"=-=-=- DEFAULT VALUES =---=")

READ(591027) HEAD(L1 412 +ROTC1 o) oMATLUL91)aTHICKILs1)
1027 FORYAT(2F104Ne110+F10.3)

IF(EOF(S).NELCY GOTO 900

MRITE(He2027) HEAD(L 4L )sLUNIT4BOTCLs1)4sLUNITH)MATLULs1)

¢« THICK(ls1)eLUNIT
20271 FORMAT(//
SX e *GROUNDWATER HEAD ELEVATION
5X s *HBASE OF AQUIFER ELEVATION
SXe*MATERIAL TYPE
5¥¢YANUIFLR THICKNESS

=V, F1l0e041XeAG/
Sy Fl0.00lXoAN/
=vs 110/

=" 4F10e301XsAD)

L

FILL IN DEFAULT VALUES IN ARRAYS

[aNaNeNe

DO 15 [=laNX
DO 10 J=1aNY
DO 8 L=1lsiel
HEADII o J)=HEAD(L 1)
BOT(IeJ}=00TLL4]1)
MATLCIsJ)=MATL(L41)
THICK(I4J)=THICK (1o}
8 CONTINUE
10 CONTINUE
15 CONTINUE

C READ INPUT BLOCKS

30 CONTINUE
READ(542033) DBLOCK
2n33 FORMAT(AG)
IF(EQOF (5)+NELD) GOTO 900
C SEARCH FOR PROPER BLUCK
IF(DBLOCK +EQe "HLAD™) GOTO 45
IF(DOBLOCK EGe "BOTTI™) GOTO 160

o
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112
173
174
115
176
1717
178
112
180
181
162
Tus
144
145
1k6
L7
1LA
1Y
10
171
192
123
194
195
176
197
198
199
2no0
o
202
Pl ]
20
PR -]
226
207
2N Y
2"‘-\
<10
211
212
213
214
215
216
2117
218
219
220
221
222
‘,!.'

224
225
226
227
228

SUBROUTINE

THNPUT

85

2034

1036

47

2036

S0

1035

98

2035

60

Ta/175 OPT=0

IF(CALOCK +fUs "MATE™) GOTO 100 )
IFIDPLOCK «FDs "LCAK™) GOTO 250
IF(UELOCK «ENe "TYPE™) GOTO 2C0
IF(DALOCK E0. “THIC") GCTO 400
IF(DBLOCK .fUes "FND ™) GOTO KOO
UNKMQWN “LOCK NAME

ERRCOD = 104

GOTO 910

READ INITIAL HPAQ VALUES

CONT IHNUE
WRITCU(642038)
FORMAT(//5Xe"--= INITIAL HEAD VALUES =--="/)

L30
[FCHTYPE «NC. 1) GOTO A&7
READ(S+1036) LAYER
FORMAT(AS)
[F(LAYER +EQ« "UPPER™) L=1
IF(LAYER .E€Q. "LOWER™) L=2 '
IF(L «NE« 0) GOTO 47
UNKNOWN LAYER
LRRCOD = 105
GOTO 210
CONT IMUE
IF(L «EG, 0) L=MTYPI-1
[IFIMTYPE EG. 1) WRITI(6+2036) LAYER
FORMAT(/SX 4" === "sA54" LAY[R ==="/)

J=NY
CONT INUE
IFtJ.LT.1) GO TO 60
REAC(S41035) (PTEMPCIN,1=14NX)
FORMAT(HFI0.D)
IFCEGF (Y)Y HE. 0) GOTO 900
N0 5% I1=1sNX
IF(PTEMP(T) «NC.0) HEADCUI 4JI=PTEMP (L)
CONTINUE
WRITE (B 820500 (HMEADCIT o) allz1gNX)
FORMATIISX,15FB.2)7)

J=zJd=1

GO T0 50
CONTINUE
GO TD 30
CONT INUE

READ BOTTOM VALUES
CONTINUE

WRITE(6.2060)
FORMAT(//SNy"==~ BOTTOM ELEVATIONS ===7"/)

wajyrk S (e

FTN 5.0+308

81/12/07.

12.13%.38
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219

FTN 5.0¢508

1) G010 162
RFAD(S541036) LAYER
IF(LAYER ,.TQ.

“won

WRITE(692036) LAYER

READ(S521065) (FTEMPUINal=LaNX)D
FORMAT(8F10.0?
IF(ENFUIS)aNEL0) GOUTO 900

[F(PTEMPCID.NE«O) BOTUIWJI=PTEHPLID

WRITE(692065) (HOTCITadda LI =19NX)

FORMATI(S5Y415FR.2)/)

READ MATERTAL TYPE MATRIX

(m}

WMRITE(6420T75)
2079 FORMAT(/ /40N~
133X« *CELL NUMPER
21Xy CELL NUYSER"+26X4 1041320/
31Xe*Y DIRECTION®TXsT(*
ANl 1LY =") 4BXsSHL =% /)

MATCRIAL TYPE MATRIX
NIRECTION®/

4 5 6 7T 89

READ(S5+1056) LAYIR
"UPEER") L=1
“LOWER™) L=2

1) WRITE(622036) LAYER

READ(54+1040)
FORMAT(BOI1)

CITEMPCID gl =LaNXD

D) GOTO 900

IFCITEMPUI ) eNEs 0) MATLCI«JD=CITEMPLI))
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2ub
PR
28
:\uu
290
291
292
2y
294
295
296
2917
298
289
100
S0l
502
103

514
TR
Len
521
>

324
324
325
326
3217
528
129
330
5
352
333
554
3395
336
337
bR L]
559
540
sal
582

SUHROUTINC

1NPU

2080

220

1092 FORMATI2F10.9)

2092 FORMAT(LHXa"LIAKAGF CUPVE™/5X 340" =")/10Ks"TIME™ 916X« "RATE"/

1095 FGRYAT(2014?

2095 FORMAT(41X,'5ODAL COORCINATES OF LEAKAGE FROM SOURCE®*w15//
L]

c

2096

260

o

T

1

2

1

74/17% 0OPT=0 FTIN 5.0+508 81/12/07. 12¢15.58 PAGE [ i
l’ AR IR e R
WRITE(6+42080) Ja(MATLCILsJd)alI=14NXD ,
FORMAT(4XyT2414Xe2512) 2
J=z=d=1
GOTO 210
CONTINUE 9
GOTO 30
READ LEAKAGE HISTORIFS 5 .
CONTINUE P CRTEC PR T
WRITE(6420HG) )
FORMAT(//S5Ky"~== LEAKAGE HISTCRILS ==="/) To.
MLEAK = 1 ‘
START LEAKAGE HISTORY LDOP
CONTINUE s .
READ(5¢1090) NUMeNLPTUNLEAK) s NNOUES(NLEARK) . L
IF(ENF(5) «NE. 0) GOTO ©00 Rt R

B

o

FORMAT(SE1G) :

IF(NUM .LE. N.) GOTO 270 r o

NN = NNOLUES(HLEAK)

WRITE(6420%0) NUMyNLPTINLEAK) ¢ NHGDESINLEAK D

FORMAT(// 45 Xs"HISTORY KO"9[545Xe"N0. OF LEAKAGE CURVE POINTS ="y
[S99Xe"N0s OF NCDLS =" 154/)

MLP=NLPTUINLEAK)
FLAUCSy1072) CTHM(NLEAK g IR) o RATEUNLEAKS TRY 9 IR=14MNLP)

IF(EOF(5).NL.N)GO TO 200

WRITE(H2092)TUN I ToLUNIToTUNIT o CTMINLEAKsIR)¢RATEINLEAK IR »
IR=1sNLP) -

q!v'('.ﬂﬂ"l'nlUN."CU.'-AQ"/'UA‘!'"'f
(X sF10e2e11XeF10.2))

READ(S91099) (NODCSENLEAK o191 ) oNODESINLEAK 91920 91=14NN)

IFLENF(5) ME. 0) GOTO 900
WRITECH 2095 UMy (NUDESINLEAK ¢ To1) o NDDESCNLLAK 9 T42) 9 1=14NN)

SXe12CT X 4 ¥ ")/
(9K 1201390 1303X))) -
CHECK FCR VALID LEAKAGE HISTORY
DO 260 HNLX=1.MNLP
1F(NLKLEQ.1)60 TO 260
MLK = HLK=1
TFCTY(NLZAK s LK) o GToTHINLEAK«MLK)IGO TO 260
WRITE (642096
FORMAT(LISXe™eFATAL FRRKOR LEAKAGE CURVE
TIME AX]IS TRAOR«e™/)

CONTINUF
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ta8
S48
’ 549
tab
y ft-?
taH

1a4

- 340

Anl
392
353
3Le
it ]
ra g
) e
35
o
209
360
ol
- 162
63
loh
365
» REYo)
tal
Sub
’ o
s1n
(WA
512
AT3
3714
5715
AN
S
574
219
R
» ALY
o2

Yha

IB6
587
388
369
390
391

592
’ 593
394
S05
96
397
598
399

INPUT Ta/1 15 0PT=0 FTN %.0+500

NLEAK = NLEAK + 1

GOTD 255
o
C END I[NPUT, LOOP
C
270 CONTINUE
NLEAK = NLEAK = 1
GOTD 30
C
c RCAD MATERIAL TYPL DCFINITION
L

200 CONTINUE
URI?[(b;ZSﬂU)LUhIT|IUNIT'LUN1ToTUHIYvLUH[ToLUNIT

2300 FORMAT(//AXy"=--- UATERIAL TYPL DEFIMITION ==="//

TRANSVERSE"/

- TTXs*LONGITUDINAL
. I.QK.‘PER'H‘MHLITY‘v?ﬂlu'R[CHARG['QIUX.
e  *DISPLHSIVITY DISPCRSIVITYY/
» 9% 4*NUMBER (Pehae*/%9AR,") STORATIVITY (CUe"»
*  A44"/Yyhaa") POROSITY (Pshay ") s 10Xe" (",
« A%, RETARDATION®/)
"
NMAT = 1

310 CONTINUE
READ(541310) UMK INMAT) oSINYAT) oRECNMAT) PORINMAT ) sOL (NHAT)

L] DTINMAT) oRY
1310 FORMAT(TI04+7C10.2)
IF(EOF(S) «HE. 0) GOTO 900
IFI(NUM .TQ. ) GOTO 350

IF(RT.LE.D.0) RT=1.0

WRITE(642310) NUH.K(NHAT!.StNHAT).RElNFAT)qPORlNHATiqDL(NHATlt
1 CTUNMAT) 4RT
2310 FURHATIﬁXvIlﬂvSGSK:Fln.?)o2lﬁ!n[lD.S)o&lo[lﬂ.}thluﬁlﬂ-il
C
A(NMAT) = 0.0
IF(POR(NMAT) +GT. 0) ACNMAT) = KINMAT) #TSTCP/(PORINMATIRT)

NMAT = NM4AT + 1
G0TO 310

350 CONTINUF
NMAT = NMAT - 1
GOTO 30

c
c READ IN THICKMESS ARRAY

400 CONTINUE
JRITE(6¢2810) LUNIT
2410 FORMATU(//5Xy®===AGUIFER THICKNESS ("pA8y")==-=")
c
J=NY
405 CONTINUE
1F(JLE«0)GO TO 450
READ(5¢1420) (PTEMP (L) 4 I=14NX)
1420 FORMAT(HF10.0)
IF(COF(5) «NELD)}GO TN 9500

LT Mgy AN R St v Ve g TR g g e A A e
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4no
401
wn?
LRI
494
405
a6
wo!
408
409
410
411
412
a1l
al14
418
416
al7
waiw
414
a0
421
WP
“rs
424
4%

wo !
4’H
429
43N
w31
w5?
423
45
455
456
a s
“3H
449
440
441
442
443
48y
445
4ap
447
any
449
uh0
451
457
453
498
4h5%
496

SUFKOUTIKE

INPUT Ta/1l5 0OPT=0 FIN 5.0+508 81)12/07- 1241558

D3 410 I=1eHX

IF(PTE“PilJ.GT.0.0)IH]CK(IoJ):PTLHP{I)
410 CONTINUE

WRITE (69243060 det ToTHICKET9J) s 1=198X)
24350 FORMATUIXA.Y= I3/ 2Xe[ 397 ) WFR.2DD)

[
J=Jd=1
60 TO 405
450 CONTINUT
GO0 TO 30
o
C
C COMPUTE THANSMISSIVITIES
c

”RDO CONTINUE
[F(MTYPE .E%. 2) GOTD K9D
DO A10 131lehX
DO BIN J=1ahY
MAT = MATL(Is0)
IF(MTYPE «C0e 1) Taledel) = KIMAT)I o (HOT (1add=BOTETsJ))
IF(MIYPE «fQ. 3) TClede 1) =R (MAT)aTHICK (1o )
Ttlyde2) = TUtIedel)d
810 CONTINUE

A90 CONTINUE
ARITE(BWZ16E)
2165 FORMAT(//SXNy"sene THNPUT COMPLETE swee®//)

GOTn 950
C
C SET CRROR CODE
C

950 CONTINUE
ERRCOD = 102

910 CONTINUE -
WRITE(6420700

2070 FORMAT(//SXs"ess» FRROR - INPUT INCOMPLETE eawen//)

C SIGNAL INVALID MTYPEs PUST BE 1 LAYER ONLY [Ih THIS VERSION

920 CONTIMUE
ERRCOD = 105
ERKARGI1) = O

C
C NORMAL ExIT
c
950 CONTINUE -
c

C CHECK FOR ARRAY DUMP
IF(NDATPR(1) «EQ. O0) GO TO 9000

DUMP ARRAYS (REVERSED FROM INPUT)

JRITE(B92176)
C DUMP THE HEAD ARRAY
wRITE(BL21T71)
G0 955 L=1NL
no 95% J=1aNY
HRI1[lby?l?“!lHElﬂ(loJl![=loNI)
955 CONTINUL
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457
458
459
T
461
462
a6
4ol
“hS
ahb
ap 7
“bF
nEa
«13
ol
al?
4758
47y
ulhy
4Tk
617
w1k
479
430
afl

958

960 CONTINUE
2171 FORMAT (/35X "HELLS e /)
2172 FGRMAT (/45X "MATERTIAL TYPE™+/)
2113 FORMAT (/59X ¢ "PERME ABILITY"/)
2174 FORMATU(EX1IDF 1 1a4)
2175 FORMAT(/5X3"STORAGE COEFFICIENTS"/)
2176 FOHMAT(//5 Ry " ARKAY DUMP - UP=-SIDE-DOWN FROM INPUT*/)
2177 FORMAT (/5K "ROTTOM"/)
2178 FORMAT (5 Xe3014)
2000 CONTINUE
RETURN
END

INPUT 74/179 0PT=0 FTN 5.0+508

NDUMP BNTTOM ARRAY

WwRITELE21T7T)

D0 958 L=1+%

DO 958 J=1sN\Y
WPITECGe?2 74D C(EOT LT o) oaI=19NX)

COMNTINUE

C CUMP THE "MATCRIAL TYPC™ RRRAY

MRITE(6421T72)
C0 960 L=1sNL
0 9R0 J=14RY
WRITE(A9217H) (MATLUTsJ)al=19NXD

-
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1ADI T4/17% O0OPT=0 FIN 5.0+508

C
c
SURROUTINE TADICLaNT o TIMESMUMITHESEMAX)
c Cs ARRAYS
C Cs CALLS
C Cs TRACE
C
cII..Q‘....ll....ll..O.D..-.Qn.ﬁl......I.I.l.ll.l'.l..'....i..li.ll....
o
C FUNCTION = THIS SURROUTINE SOLVES FOR THE DISTRIBUTION OF HtLAUS
c ACKOSS THE FINITE UDIFFFRENCE GRIC USING THE ITERATIVE
C ALTLHNATING GCIRECTION IMPLICIT (1ADI) SOLUTIOM TECH=-
C NIGUES CORRECTION FOR TRANSMISSIVITY IN UNCONFINED
c AQIFER SIMULATION IS CONTROLLED EY THE PARAMETER "L™:
G
C L =1 - UMNCONFINED AQUIFERs CORRECT TRANSMISSIVITY
& L =2 - CONFINED AGUIFERe CONSTANT TRANSMISSIVITY
C ;
C-.Ill‘l.l'll..llI.‘ll.I“I.l.llI..i.."..'.....‘1‘.'..".'....I.'l....
C
COMMON/PARMS/HLADI2P 44 1) +HOLD (2848 1) sBOT(2RBe41)y
1 TU28+8142)3RI2B481) MATLL2ByvA1)y
2 GX{2B981)4GY(284+81)sHYPI28441)+THICK(28441)
c
COMMON/CONTRLZTSTEP 4 X gNY eDXoNY s TIMMAXsCUTFRGeNUATPREL10) s LUNI Ty
1 TURTTTITLECR) ¢y TOLWMAXTIToMTYPESNLPARTVL s
2 IHFCINSITHEDOT1SEED
C
COMMON/PARTIC/ X(250600)+Y025000) ¢ NOUTC(L5CGy 150) yUXPARsDYPARS
1 NXPARNYPARSKELIM
C
COMMON/MATER/ MMATDLU20)eDTC202 4AC20)ontLl0DeS(20)4REC20) +PORC20)
C
COMMON/LEAK/ MLEAK«MWNDDFESE20) o NLPTC20) TP (20020) +RATE(20020)
1 NODCS(2Ne10042)
Cc
COMMON/ERRCO2/ERRCODWFRKARG(10)
P
HECAL B840 +G6(50)4DLASTI2B481) 4K
c
INTEGER LRRCOCTITLE ¢ TUNTTLUNIT
(o WRITE(6s10DL «NTsTIME
c 10 FORMAT ("« + « ARRIVED IM [ADI = = an/
C 1 ML= 1104 "NT= o110 "TIME="oF1IN.2)
C WRITE(699000)CETCTade2) 9l aNX)ed=1eNY)
€C9000 FORMAT(10F12.1)
Cc

IFC(NDATPR(9).LE.N) GO TO 20
WRITE(Ay2002) TIMESTUNIT
2002 FORMATUIH] ¢/5Xe"es START HEAD SCLUTION = TIME I"¢F9.ls
1 1NsA104" =a¥"//)
20 CONTINUE

LOAD RECHARGE ARRAY

[aNaNal

DO A0 I=1eNRK
DO 70 J=1NY
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SUPKOQUTINE TADI 7a/115% OPT=0 FTN 5,0+508 B1/12/07. 1241%.58 PAGE 2 = -
’ I T YL B L L -
S H BAT=ZMATUA(T 4 )
» tq ’ R{IsJ) = RFE(MAT) ®
0 70 CONTINUE
I 80 CONTIMUE '
» 62 [ WRITE(6+2003) ®
63 C2008 FORMAT(SXs"FLAG L "/)
3L.] C
a 65 IF(NLEAK.EG.01G0 TO K7 5 .
X3 NO 6 M=1+NLEAK R ot i .
61 NLP=NLPT (™) ”55.%4 N o
th TFCTTIMEZLT«T4(My1)oORTIMELGT.THIM4sNLP)) GOTO BB IR v :
£9 NNK = NNODES (M) .
10 c FIND LUAK RATE
» ] c WRITE(hy2004) 9
12 CoC04 FORMATUSX™FLAL 2%/)
14 CALL [NTERP(MeTIME «GoTSTEP)
Ia XKRATIOD = DX/DXPAR
) % YRATIO = CY/LYPAR o
16 - GRATID = XFRATIDYRATIO -
» rn UNITQ@ = G/FLODATUNNKD . o "
DO B4 NN=1NNK '
it IN = NONESTMaNNy 1) v
» Ho JN = NODESCMeNN42) ®
"l XTEM=(IN=-1)+0XPAR+DXPAR/ 2.
b YTEM=(JN=-1)«DYPARDYPAR/ 2,
» [ CALL FIHNDC(XTEMaYTEMaDXaDYaNXaNY s IN1sJINT) ®
ta C PRCRATE KECHAKGE ARRAY WITH POMD LEAKAGES
K& MAT = AATLCINLJIND)
? ki RUINTeJNL) = ROIN1sJN1)-(RE(MAT)/GRATION+UNITQ )
wit ua CONTINUL
uy BB CONTINULE
wa 86 CONTINUT
) a0 87 CONT INUF L i
1 c PREDICT HEADS N e ppe e
Q2 C * 3 , b
Yy DO 110 T=1sNX ;
94 DO 100 J=1amY S S S
v g DzHEADCT yJ I =HOLO LT 4J) ®
96 HMOLOCT s JI=HEAD (1 4J)
a1 F=zl.0
? H [F(NT.LEL2) GOTO 90 a
oy IF(OLAST(lsd) eEG040) GOTO 90
170 F=D/0LASTUL )
j 191 IF(F.GTe5.) F=5.0 ) X
102 [FCF.LT.0.0) F=0.0 = >
103 90 CONTINUE
- 108 OLASTC(I4J) =D ® - .
175 HEAD(L1yJ) = HEADC] ¢J) +DeF
176 IE(HEADCToJ) s LE«BOTCIpJ)YHEADUT ¢J) =B0T (14} +0401
» 101 100 CONTINUE : Fy
194 119 CONTINUE
16y C WRITE(6+42005)
110 €2005 FORMATU(SXy"FLAG3"/)
e 1 c o :
112 [y REFINE LSTIMATE DF HMEADS 8Y [ADI METHOOD Wi |
113 [ b . \
11 NUMIT = 0 9 o z :
y] ‘ [ ]
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» 116
17

e
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1.0

121

- P
123

124

1.5

126

127

128

’ 189
1450

151

4 132
135

134
135
16
137

» 13k
139
0

? 14
lal

142

L4 5

. 144
145

l4b

? 1a7
14

1479

150

151

4z

’ 153
154

155

’ 156
157
158
199
160
161
162
164
JER]

’ 165
bt

16l

o loy
169
170
171

SULKROUTINE

IADI Ta/11% OPT=0 FTN S.0+5048 B1/12/0T. 12.15.58

115 CONTINUE
£=0.0
EMAEX=0.0
NUMTT=NUMIT + 1

EXTRA CHLCK FOR WwaTfR LFVEL BELOW oOTTOM

DO 101 T=LaeNx
DO 102 J=1sNY

XXZHOCAD (T 4 ) =00T (1 ed)

YYZHEAD (I #14J)=HOT (114}

IFEXXaLTo0e0ORa YYolLTo0) WRITE(E992) TodoXXsHEADCTwd )y
1 AOTCT o) oYY oHEADCI*+1ed) o COTCI* 10D
€9999 FORMATIY9X92110s6F10.5)
¢ 102 COnTINUE .
€ 3101 CONTINUL
C

A0 OO 00

ADJUST TRANSMISSIVITIES IF AQUIFER IS UNCONFINED

InEe Rl

IFIL +EGes 2) GOTO 135
DO 130 I=1eNX
GO 120 J=14NY
MAT = MATL(IsJ)
TFCTLT.NX) TCIsJs2)=K(MAT) » SQRTU(HEADCTIsJ) =

1 BOTC19u) ) e THLADUTI#14J)=E0TCT41,400))
IFCJalToin¥? TUIgJdy1)=KIMAT)#SGRTCOCHERD (T 9J) =
1 MOTCIeJ) 1 CHEADLT 0 d*1) =0T (Lads1) 1))

IFCTECa"iX) TCIaJde?2) = (HEADCIJI=BOT(Isd)) = K(MAT)
IF(JebE GanY) TUlsdsl) = (HEADCT+J)=BOTCIJ)) « HIMAT)
120 CONTINUE
130 CONTINUFE
135 CONTINUL

€ N0 COLUMN CALCULATIONS

DxX=0Dx =+ £Y
00 250 10=1ehX
1=11

C CHECK FOR DIKECTION ALTERATION
NTT=NT+NUMIT
IF(HODINTT 320 eEQal) T=NX=1¢1

CALCULATE B AND G ARRAYS

OoOnNO

DO 220 J=14NY

MAT = MATLIUT+J)

BR=S(HAT)I«DXX/TSTEP

CO=C(HOLDC 9 J ) 2 SEPATIDXX/TSTEPI SR Ty J)

AA=Z0.0 .

CC=0.0

1FtJebGal) GOTO 1L0
AAZ=TL1aJd=1+])
BL=Rp+T(led-141)

150 CONT INUE

IF(J<E3aNY) GGTO 160

CC==T(Isde 1)
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L2
i
| fa
175
176
117
178
119
18U
111
142
113
144

Lt b
L
Lk
11y
190
191
122
173
194
195
196
197
198
199
200
PR

N2

PR K]

220
s
el
el
224
2rh
el
221
228

SUNKOUTINT

N o0

(=]

1AD1

160

170

180

220

230

260
2170
275

' "
RN R e i e LN A T b R R PP T =

Ia/171% 0pT=0 FIN 5.0+508

BH=:D*T(TeJdel)
CONTINUE
IF(l.C0a1) GOTO 170
PR=OEeTII=19J02)
VOzDLANTADCLI=1ed) o TCI=10Je2)
CONTIMUE
IFtl.Fu.NX) GOTO 1HO
BRzho*TUlaJe2)
DD=ON+HTADC I+ ad) e TUTade?)
CONTINUE
IF(J.6Ta1)zbl-AR L U=1)
IFtJ,E0.1)4=8B
BtJ)=CC/W
IF(JeGTa1 )G Z(DC-AACII=1))/0
IF(JeEGe1)GCUI=DD/W
CONT INUE

RE-ESTIMATE HEAUS

DH =ABSC(HEAD(TI+NY)?=GINY))
E-E+0H

IF(DHGTEHAX) [MAX=DH
HEADCI«NY) = GUINY)

N = NY=I1

CONT INUE
HASGIN)I=-F(N)sHERD(T,%1)
OH = ABS(HA=HEAGULsN))

E = E + DH

TF(NDH +GTs CMAX) EMAX = DH
MLADCLaN)=HA

N=N-1

IF(N.GT.D) GOTO 230

DO 240 M=1aNY
IFAHEALCT o 1) o GT o CTCTaN)) GOTO 240
E=F+BOTCl 4N +0.01 = HEAD(T4N)

HEAD (T oN)=80TCL o) +0.01

CONT INUF

CONTINUE
READJUST TRANSMISSIVITY IF AQUIFER [S UNCONFINED

IF(L +EQ. 2) GOTO 275
00 270 J=1eNY
DO 260 I=14NX
MAT = MATL(1.4)
TFATLTaNX) TOlydg2) sK(MATI*#SQRT(EHEAD (14U} =BOT(T s J))
C(HEADCI#14 ) =00T(I+1a 02 ))
IFCJeLTaNY) TelpJa 102K MAT)SQRTIAHEADIT W) =LOTH(TJD)
CULHEACL] 9 Jdo 1) =n0T (L ausl) )
IFC1EGoetxX) TilgJds2)=K(MATI4LHEADIL9d)=30TLT4U))
[FUJaEGaNY) TUIsJs LIZK(MATIALHEAD (T4 J)=BUTLIJ))
CONTINUE
CONT INUE
CONT INUE

B1/12/07. 12.15.58
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SUBROUTINL

tal

1ADI

300

310

330

2007

350

1

Ta/17% OKT=0 FIN 5.0¢508

DO ROW CALCULATIONS

GO 400 JJ=1+NY

3

J=JdJ
IF(MOLCUT*+NUNIT e2) e CGal) J2NY=Je]
DO 330 I=14hx

MAT = MATLI(I4+J)

EE=SIMAT)«PXX/TSTEP

DO CHOLDET 4D *SEVYATIDXX/TSTLP IR (T9J)

AA=N.0

CC=0.0

IF(J.EG.L) GOTO 2BC
BU=pE+T(led=1+1)
DD=DD+HFADCTod=10eTlIod=141)

CONTINUE 5

IF(J«EDQ«NY) GOTO 290
DU=DO+HEAD(T o+ 1) eTlIsds D
AE=bE*Tlledel).

CONTINUE

IF(I1.EGs1l) COTO 300
BUzubk+TUl-1ede2)
AAZ-TlI=-19de2)

CONTINUE

IF(1EGsMNX) GOTO 310
£9z8b+T(Ivds2)
CC=-TtleJs2)

CONTINUE

1IFt1.GT.1)u=dB-ARRCI-1)

IFIT.EG.1YWw=ED

ptir=CC/w

TFUTEQa G =DN/Y

TFCTaGT1IGULII=(DD=~ARSGRIT-1))/W

CGNT IHUE

RE=ESTIMATE HECADS

D = APSOHEALCHXyJ)=GUNKD)
= [ ¢ OH

IFIDH «GTe EMAX) EMAX = OH

HEAD(NAWJ)ZGINX)

N=NX-1

CONTINUE
HAZGINDY=H (NI *HEALIN+T 9 J)
Ol =ABS(HEAD(NsJ) ~HA)

E= E + DH
IF(DH .GTe. E~AX) EMAX = CH

HEAD(NsJ)=HA
N=M=-1

IF(N.GT«0) GOTD 340

DO 350 N=]1eNX
IF(HEAD(NeJ) oCTs FOT(NsJd)) GOTO 350
C=C+00T(NyJ)+0C1~-HEAD(NSJD
HEADINJI=POTINWJI+0.01
MRITE(642007) HEADINGJ) 9BOT(Ny I aNed
FORMAT(/ /5N g "HERD OF"¢F12.2+" WENT bLELOW BOTTOM™eF12.24

* AT NGIE"+215/)
CONT ITNUE
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SUPKOUTINE TADI T47175 OPT=0 FTN 5.0+508 81/12/07+ 12.15.58 PAGE 3 —
286 c .
247 400 CONTINUE
2HB c
269 c PRINT ITERATION INFO
290 C )
M IF(NCATPRIS).LELNY GOTD 450 . .
2u2 WRITE(642010) HUMIToEWFHMAX .
FUK) 2010 FORMAT(SX eI TERATION NOe®™ol5¢® EPSILON = "4E£20+44" EMAX ="3£20.4) . )
294 ERRCOD = 0 . -
295 TF(NUMIT.LT.MAXIT) GNTO 450
296 ERRCOD = 131 ) |
2t GOTO 901 o e gyt
PET 450 CONT [NUC - ; 5o |
2ne € . ) X . s
o c CHECK FOR CONVERGENCF4s PASS THRU AGAIN IF NOT CLOSED ' j
501 c R
502 IF(E.GT.TOL) GOTI 115 ) |
508 c NORMAL ExIT |
504 900 RETURN ‘
195 [ ITERATION LOOP ERROR _’ |
L0k 901 sTOP ‘
107 END w;
] ] |
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DO ~NT PP o —-

SUMROUTINE LUAK 74/11% OPT=20 FIN 5.,0+%08 81/712/07« 1241958
C
C
c
SUBROUTINE LEAK
cC Cs ARRAYS
cC Ct CALLS
c Cs TRACE
C
c‘.ﬁl.-.-tu‘-‘...l.tt'.....-.tlt!"..t-ii'll.-...QQ.'.‘-I...I‘.IQQ....t'
C
€ FUNCTION = THIS SUHROUTINE COMPUTES THE INTERLAYER LEAKAGE BCTWEEN
[of T40 AGUIFER LAYECRS AS A FUNCTION OF THE ODIFFERENCE
C IN THE HEADS IN THE LAYERSs THE PERMEABILITY OF THE
= UPPER LAELR AND THE SATURATED DEPTH OF THE UPPER LAYER.
C 5
CQ.lll.ll.Qt.”ltl...l.llll.l.tt..'1‘..0.IIl..l’ﬁ.h‘.'..Q...l....lll‘.
C
COMMON/PARMS/MEAD (2B s 8 1) +HOLD (284911 +HB0T(2Bsa10,
1 TU28e4192)sRI2B441) 9y MATLC28041)
2 GX(2Rs81)4GYI2Bsa1) 3 HYP(28441)4THICK(284+41)
Cc
COMMON/CONTRL/TSTEP ¢NX oMY DX 9DY+TIMMAX4OUTFRA4NDATPREL10) ¢ LUNITy
1 TURIToTITLECB) ¢ TOLWMAXIT4MTYPEWNL«PARTVL s
2 IHEDIN« IHEDOT 4 ISEED
c
COMMON/PARTIC/ X(25000)4Y(25000) ¢NOUT(1504150) +sDXPARsOYPARY
I NXPARNYPAR,KELIM
Cc
COMMON/MATER/ NMAT 0L (20040TC20)4AU20)4K(20)4SC20)REC20)+PORC20)
C
COMMON/LEAK/ NLEAK yNNODES(20) +NLPT U202 eTMU20+20)+RATE(20020)
1 NODES(2D0410042)
C
COMMON/ERROR/FRRCODSERRARG(1ID) -
c
REAL K
INTEGER ERARCOD+OUTFROe TITLESTUNIT
c WRITE(E+10)
C 10 FORMAT("« & « ARRIVED IN LEAK « & %)
c
DXX = DX = DY
DO S0 J=1eNY
DO a0 I=1shR
DH = HEADCT 4J)~-HEAD(Ied)
DLEN = HEAD(1+J)=DOTCI4J) =
IF(OLEN .GT. D«) GOTO 30
ERRCOD=103
GOTO 900
30 CONTINUE
MAT = MATL(I144J)
XLEAK = DXX + (DH/DLEN) « K(MAT)
RUIsJ) = ROIsd) + XLERK
REIed) = RETeJ) = xLEAK
40 CONTINUE
50 CONTINUE
c
900 CONTINUE
RETURN
END
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aPT=0

SURBRGUTINY uTi Ul (TIYE«hUNTIToE o« MAX)
ARRATS
TALLS
TRACL

FTN S.0¢508

TR R R N N R R R R R R

FUNCTIGN: 'FRINTS THL hi Al MATRIX VALUES [N RLGCK FGRM.

THE DJRIGIN (NODE 1al)

LFFT CONNER, PROPLIMS WlTh YOPRE

IS PRINTED IN THE LOWER

THAN 20 COLUMNS

AY4E FHINTED IN STRIPSs 20 COLUMHNS PER PAGE.

TR R R I N N T e N N TR R LA N

10

U

2015

104

COMMONZPARKI Ziet ADC e s LY attul "t ega L ) am0T ety
1 T g dl el Yot 2r a4l ) e MATLL2 0] )y
2 CXO2Haa1)aGVE28e41 ) aHYPU bt l) o THICK (204 ])

COMMON/ZCONTRLZTSTIP oM X g Y aDXa OY o TIMMAX 3 CLTFRLaNTATPROID) 9 LUNT Ty
1 TUNTIT«TITLECH) » TOLWMAXIT4MTYPEWNLoPARTVL

A IHMEDEhe THELOT W ISERD

COMMON/PARTIC/ XC25075004¥YU2500G) yNOUTUINH0s150) oGXPARSLYPAR,

1 MXPRRGAMYFAhKELIM

COMMON/MATFR/ AMATSILU20)14DTC0) AL ) 4rt 200450200 4RELD0) WPCR(20)

COMMONZLTAK/ MLEAK HODESI20) oNLPTU20) 4T (203201 4RATENZ0020)

1 SOTF<UDT410042)

COMMON/ERR "R/ Mk C Ol o FREARPGELN)

IMTEGER TITLE o TUMEToLUNITaNXeHYoCOLLPCOLPP,,[RRCOD

POAL K
WRITE (A IGITIMF gruuMI T

FOKMATU®s « o ARWIVED IN CUTPUT & s a®/

i WEIME =" gk 10 "NUNIT "o [16)
WRUTFUAeZOLGY TITLE

FORMATEMI" 4y  KarALU)

JPITE(6+2015) LUNTT TIMELTUNTT NUHTToTSTLP
FORMAT (/S " asen HEADS ("g889"%) AT TIME = "FlD.4e1XeAay" sanat
1 /75X s "NUMBER OF ITERATICHLS ="415s
2 " TSTEP ="eF10.8/7)

COMPUTE MUMEER OF SLICES RFLD TO PRINT MATRIX
LA = 1

IF(MTYFE ofGe 5) LA = 2

LAYFR = ™ #

CINTINUE

IF(MTYPE otfw 1 oaNDe LA +EQs 1) LATYER
TFIMTYPE oFGe 1 JANUS LA of0. 2) LAYLR
IFC(LAYER «NEe ™ ") wilTE(642017) LAYLR

BURPERY
“LEwiR"

o
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- R T - Yo (rwm Eer v RIS ) ap E B R
b RMUTINE QUTPUT Ta/1 7% GPT=0 FTIN Halbe+504 B1/12/707. 2415.58 PAGE 2
" 317 FORMAT(/1uXe™eos "yiby™ LAYLH sean//f)
o ¢ 3y «
N coLPP = 1) i
vl nsLict = 1
; 110 CONTINUE
& NCOLS = COLEPR o MW5LICE .
o [F(hx JLE. NCALSY 50T 120
Lk HSLICL = %SLI1CE + | .
.t LOTO 110
s 120 CONTINUL
‘ o v o -
"'e ¢ COMPUTE WwUMirt< JF COLUMNS IN LAST SLICE .
Ir E
n COLLP = %X = (CALPPeUNSLICE - 1)) D T
Ie €
Jie C PrINT MATS 1Y It SLICES OF "COLFP" COLUMHS FLR PAGE
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