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STEADY DARCIAN TRANSPORT OF FLUIDS
IN HETEROGENEOUS PARTIALLY SATURATED POROUS MEDIA

PART 2
THE COMPUTER PROGRAM

INTRODUCTION

The subject of this document is the generalized computer program

written to solve problems involving steady fluid flow through heterogeneous,
1~

partially-saturated porous media.

A closely related class of mathematical problems is encountered in

analyzing the flow of fluids through porous media. The complexity of the

equations requiring solution depends on the conditions of time, saturation,

and media uniformity. Traditionally a division of the class has been made

between the time dependent and the steady-state flow problems. This is

reasonable since in the numerical solution of the transient case the criteria

for convergence and stability are far more complex than in the steady state

case.

"Steady Darcian Flow in Soils" is a FORTRAN chain-link program

based on the theoretical and mathematical development treated in Part 1 of

this document subtitled, "Mathematical and Numerical Formulation" 2

Part 2 gives a complete description of the computer program and

discusses solution techniques which are used but not discussed in Part 1.

Several appendixes are included as aids to the user and programmer who

may wish to use parts of this formulation. In particular, Appendix A can

be followed easily without a knowledge of FORTRAN to prepare input for the

program.

SUMMARY

The computer program-"Steady Darcian Flow in Soils"-provides

a means of obtaining numerical solutions to problems in the general class

involving steady flow through porous media. Based on the mathematical and

numerical treatment presented in Part 1, the program was designed to

handle the widest possible variety of boundary conditions. Potential distri-

butions in saturated and partially-saturated, homogeneous or heterogeneous

-3-



HW-72335 PT2

soils may be obtained. Combined saturated and partially-saturated flow

cases may also be solved, since the equations used for one part are reducible

to solve the other. Such a solution proceeds smoothly with little concern for

the water table position which can be located easily in the problem solution.

Moisture contents may be obtained from the results.

The program was written for the IBM 7090 in FORTRAN and FAP

languages. It can solve one-, two-, and three-dimensional and axisymmetrical

problems with up to 8000 grid points. As many as 15 different soils may be

included in a heterogeneous, partially-saturated flow problem.

Optimum underrelaxation and overrelaxation techniques are used to

increase the speed of convergence and to maintain stability. Other methods

of maintaining stability are also discussed.

DESCRIPTION OF THE COMPUTER PROGRAM

The computer program-"Steady Darcian Flow in Soils"-provides a

means of obtaining numerical solutions to a wide variety of boundary value

problems using the nonlinear, partial differential equation discussed in

Part 1, of this report. This equation and its various reduced forms describe

the steady-state flow of fluids in soils. The limitations and assumptions of

the program, along with an explanation of the numerical methods, are also

discussed in Part 1.

The program can solve one-, two-, and three-dimensional and axi-

symmetrical flow problems using a matrix containing up to 8000 nodes. The

soil or porous medium described by the matrix may be heterogeneous or

homogeneous, saturated or partially-saturated, since all combinations are

special cases of the basic equation.

The description of a physical problem is simplified by visualizing a

net of equally-spaced nodes, Figure 1. The matrix size is restricted to less

than 501 nodes in the x and z directions and no more than 20 nodes in the y

direction; however, the total cannot exceed 8000 nodes. For the two dimen-

sional case the y dimension is reduced to one (Figure la), thereby solving

for flow in the vertical plane in which gravity is acting. For solutions that

require large dimensions in the horizontal plane, i. e. , no gravitational
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effects, an arbitrary constant is provided in the capillary pressure equation

which sets the gravity term equal to zero [parameter D in Equation (18),

Part 1 ]. This permits the use of the x and z coordinates in the horizontal

plane. Axisymmetrical cases may be considered as two-dimensional prob-

lems, since all of the required equation changes are made internally by the

computer program when an axisymmetrical case is designated. In some

instances a small increment denoted as r0 , as shown in Figure lb, is help-

ful in meeting central boundaries for radial flow problems. In a one-

dimensional flow problem the x and y dimensions are reduced to one, and

proper control is used to consider gravity effects or to neglect them as

desired.

The input information necessary to obtain a solution is dependent

upon the type of flow in the problem situation. Partially-saturated flow

problems require information describing the functional relationships of

capillary conductivity to capillary pressure for each soil in the matrix

pattern. The details of treating these laboratory-obtained data for input are

discussed in Appendix B. The number of soil types permitted in any one

problem is 15. The locations of the soils in this problem type are specified

by an integer designation from 1 through 15 at every node. Problems involv-

ing only saturated flow require the saturated permeability or hydraulic

conductivity of the soil at each point in the matrix; this allows maximum

flexibility in modeling the heterogeneous soils pattern.

A calculation control integer is specified at each node to indicate

the type of calculation to be performed there. Nodes not lying on a boundary

utilize the unmodified point pattern of the finite difference equation as shown

in Figure 2. To meet the boundary conditions, nodes lying on a boundary

use a modified pattern which reflects the specific boundary conditions at

those points. The storage of such integers at every node makes possible

complete flexibility in setting up boundary value problems. The designation

of each type of piezometric head calculation can be found in Appendix A.

The partial differential and finite difference representation for each is

included in Part 1.
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Finite Difference Point Pattern Configurations

Computer storage capacity is saved by storing both the calculation-

type integer and soil identification in a single computer word. The saving

contributes significantly toward enabling all 8000 nodes to be used.

An initial estimate of the piezometric head is needed at every node

to start toward a solution. The initial estimate is made heuristically after

an examination is made of the source of flow, the flow path length, and the

expected final values. In general, good initial estimates reduce the com-

puter time required to reach a satisfactory solution of the difference equa-

tions. For saturated flow the conditions are known which assure a stable

computational method that will yield a true difference solution from any

arbitrary initial start. The same assurance is lacking for the nonlinear,

partially -saturated cases, although experience has shown that instabilities

are immediately recognizable. Several techniques, to be discussed later,

were developed to overcome the instabilities which may arise in partially-

saturated flow cases.

Table I shows the major breakdown of input information required

for each type of problem.
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TABLE I

INPUT AND STORAGE REQUIREMENTS

Type of Problem Stored Once Stored at Every Node

Partially saturated Problem constants Initial potential
Soil relationships Soil identification

Calculation type

Saturated Problem constants Initial potential
Saturated permeability
Calculation type

A detailed explanation of the input requirements and card preparation

is presented in Appendixes A and B. Examples of input are presented in

Appendix C.

Solution Procedure

In general, the solution sequence for the saturated flow case proceeds

in the following manner. The initial potential estimates from surrounding

nodes and the permeability value are substituted into the appropriate finite

difference improvement formula to obtain an improved value for the potential

at the central node. The program steps from point to point through the matrix

before returning to the initial point to start the second improvement or itera-

tion.

In the partially-saturated case, the initial estimate of potential and

the node location are used to calculate the capillary pressure. The calculated

capillary pressure is used in a look-up and interpolation procedure of the soils

data to obtain an initial capillary conductivity estimate at each node. The

potential and conductivity estimates are substituted into the finite difference

equation to obtain an improved value for the potential. The capillary con-

ductivity estimate at the node is revised by calculating the new capillary

pressure and determining the new value of conductivity from the soils data.

The process of improvement proceeds stepwise from node to node through

the whole problem to make a complete iteration. Through successive itera-

tions, the initial estimates of potential are improved to as near the solution

of the difference equations as desired.
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After the potential distribution solution is obtained for a partially-

saturated flow problem, it is often desirable to determine the associated

soil-moisture distribution. A special feature of the program may be used

to evaluate the moisture content of the soil from the final potential values.

The capillary conductivity input data are replaced with the relationship of

moisture content and capillary pressure for the soils involved (the later

experimental relationship is prepared for input as described in Appendixes

A and B). One program control integer is changed, and the program solves

for the moisture content distribution.

Chain Link 1 (Preparatory Link)

Chain Link 1 of the computer program reads the input data and pre-

pares the problem for calculation. For saturated flow, three matrices

equal in size to the whole problem are constructed. These are the initial

potential, the conductivity, and the calculation type. For partially-saturated

flow, four full-size matrices are filled. The fourth matrix is the soil desig-

nation.

Included in Chain Link 1 are the subroutines "Cutter" and "Test"

described in Table II.

TABLE II

CHAIN LINK 1 SUBROUTINES

Subroutine Name Function Performed

Cutter Provides the ability to convert a large matrix
into a smaller one by removing rows and columns.
Such a method allows computations on a coarser
grid when input originates from a previous solu-
tion.

Test Checks the user's choice of calculation types at
all points in the matrix and provides for termina-
tion of the problem with an error message if an
illogical choice is detected.

Chain Link 1 calls Chain Link 2 and is not entered again during the solution

of the problem.
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Chain Link 2 (Calculation Link)

Chain Link 2 handles the iteration through the matrix and computes

the overrelaxation factor for optimum convergence. All printout from the

program is controlled in this link by subroutines "Input" and "Out. " There

are six FORTRAN subroutines and four FAP subroutines included in this

link.

TABLE III

CHAIN LINK 2 SUBROUTINES

Subroutine Name

Step

Kay

Fhi

Input

Out

Relax

Save (FAP)

Function Performed

Controls the origin and the stepwise progress
from point to point within the matrix, and selects
the grid point pattern for the central node as
defined by the calculation type.

Computes the capillary conductivity from the
soils data as a function of the capillary pressure.

Calculates the terms of the equation for the
potential. The actual calculation occurs in the
main link.

Handles the printout for the input data given to
the problem.

Writes out all other messages and output from
the problem.

Calculates the overrelaxation factor at specified
intervals (chosen by the user) to speed con-
vergence.

Provides a means of removing the problem from
the computer for inspection between iterations.
It enables restarting the program without repeating
any of the previously calculated steps. It also
permits minor changes in the input data.
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TABLE III (contd)

Subroutine Function Performed

Addrs (FAP) Merges the integer symbols for the type of calcu-
lation and the soil identification into a single
computer word.

Gman (FAP) Retrieves the integer designation for the soil
from memory.

Gnl (FAP) Retrieves the integer designation of the calcula-
tion type from memory.

COMPUTATIONAL STABILITY

In any iterative method of successive improvement, computational

stability is required if the solution to the difference equations is to be

obtained without expending an unreasonable amount of effort. Stability of

the Gauss -Seidel method will be discussed cursorily for three problem

categories: saturated flow in homogeneous soils, saturated flow in hetero-

geneous soils, and partially-saturated flow in homogeneous and heteroge-

neous soils. The single category covering stability for partially-saturated

flow should in no way be taken to indicate a lack of importance or need for

stability criteria. Rather it is an indication of the near total absence of

knowledge on stability conditions for the nonlinear equations of partially-

saturated flow.

For saturated flow in homogeneous soil, the Gauss -Seidel method

as used in the program is unconditionally stable. That is, the iterations

will proceed orderly toward the solution of the difference equations from

any reasonable initial estimate.

For saturated flow in heterogeneous soils, the computational method

is only conditionally stable for the usual difference equations. 4,5 In other

words, the successive improvements will generally proceed smoothly with

excellent results; however, stability of the method can not be guaranteed.

Since the equations are linear, stability criteria are available. These criteria

show that this group of problems can be made unconditionally stable through
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appropriate averaging of the capillary conductivity. The computer program

includes an option for averaging or not averaging at the discretion of the

investigator.

The stability criteria for nonlinear equations, i. e. , partially-

saturated flow problems, are so meager that very little help is available

from classical analysis at present. The major guide now available is experi-

ence with its associated uncertainties. Experience shows that instability is

to be expected in partially-saturated flow problems, but fortunately it is easily

detected when it occurs. There are three controls, found by the authors

through experience, that effectively overcome instability. They are:

1. appropriate averaging of the capillary conductivity

2. using an underrelaxation factor to dampen instabilities

3. changing the sequence or order of stepping through the nodes

in the improvement process.

These three techniques either singularly or in combination have been capable

of stabilizing the computational procedure for all steady flow problems

encountered by the authors in 3 years of use. The stabilizing methods are

applied in the order given. Technique 1 is used for essentially all partially-

saturated problems. Technique 2, the underrelaxation factor, is incorporated

into the program and is automatically applied when instability occurs. The

underrelaxation factor is closely related to the overrelaxation factor used in

stable situations to further speed the approach to the solution. Technique 3,

stable sequences, is associated with the optimum order in which large

systems of equations are solved. A control, called an initial point, sets the

order of calculation.

Averaging of Capillary Conductivity

The greater complexity introduced as a result of the nonlinearity of

the equations for partially-saturated flow is best described by contrasting

the iteration scheme with that for saturated flow. In the saturated case the

permeability value, or saturated capillary conductivity, K, is known at each

node and therefore is always available. For partially-saturated cases, the

capillary conductivity, which is potential dependent, is unknown at any step
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in the improvement of the potential estimate. In the process of iteration

the K value at the node lags behind the potential by one iteration, i. e., the

potential must be calculated before a current value for K can be calculated.

The stabilizing effect of appropriate averaging of K is illustrated by consid-

ering the two-dimensional point pattern in Figure 3. The standard node

nomenclature has been changed to indicate the K in existence at each node.

K new indicates a current value for K, and Kold indicates values associated

with the past iteration.

K
new

K K Knew old old

Kold

FIGURE 3

Available K in Two-Dimensional Averaging

The values of the surrounding nodes are averaged to get a better estimate

of K at the central node; this estimate is then used in the equation for the

potential. The average K represents a better estimate of K at the central

node than does the value calculated from the previous potential estimate

The finite difference equations, which are unconditionally stable for all

saturated flow and may or may not be conditionally stable for partially-

saturated flow, are:
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(1) One dimensional in the z direction

1 1*( -K ( n- )
Pk 2('fk+1+ Pk-1)+4K +K )(Kk+1 -Kk - 1 k+1 ~ k-1

k+1 k - 1 (1)

(2) Two dimensional in the xz plane

1r

+i, ik+1 i,k- 1+Pi+1,1ki-k1,-k

8(K. +K. ) (K k+1-Kik - 1 i,k+1 -cpi,k1
i, k +1 i,,k -i1

8(K1 A(2)

8(K. +K. ) (Ki+,k -Kil-k), k i+,k-~ il,k)()
i+1,k i -1,k

(3) Three dimensional in the xyz space

Pi, j, k [Qi+ 1, j, k ( i - 1, j, k+ 'i, j + 1, k i, - 1, k+ Pi, j, k+ 1

1 1
i, j, k - 1 + 12 (K. +K._ . )Ki+1,j, k -Ki-1,j, k_ i+ 1,j, k

i+1, ,k i -1,3, k

CPi-1,j,k +12(K . 1 +K.. )Ki,+1k-Kij1k ij+1k
iJ+1,k 1 , k

i~j-lk] +2 K , j, k+ 1 1 , j, k -_1[K~~~-ijk1lp~~

ii, j, k - 1_(3)

Changes in the foregoing relationships from Equations (21), (22), and

(23) of Part 1, which did not average K's, involved replacing the K of the

central node by the average of the two K values at the adjacent nodes which

lie in the same coordinate direction as the potential gradient in the term.

In our experience the iterative solution of partially-saturated flow

problems will always be unstable without the averaging of K values.
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Overrelaxation and Underrelaxation

An optimum overrelaxation factor is used to accelerate convergence

and save computer time. The internally-computed optimum factor described

by Young6 and Forsythe and Wascow, 7 works extremely well in saturated

flow problems where the basic equations reduce to the linear form. In

partially-saturated flow an upper limit of 1. 15 is imposed to maintain sta-

bility; however, this is not always effective. A method is incorporated in

the overrelaxation calculation for detecting instability. When instability

occurs the program uses an equation, derived from the authors' experience,

which returns to the program an overrelaxation factor less than one; this

is referred to as underrelaxation. The result is a tendency toward averaging

of the potential values to effectively dampen oscillations.

As the mesh is swept, the sum of the absolute corrections for itera-

tion n,

En j, k i, j,(4)

i, j, k

is accumulated, Equation (4), and the highest absolute correction and its

location in the matrix are recorded. After each complete passage over the

network, the high difference value and its location, the average difference,

and the overrelaxation factor applied during the iteration are stored and

may be printed.

The high difference value is tested at each iteration against an input

value to determine when the solution is reached. The criterion that the

greatest correction of the potential at any point on the matrix from the n - 1

to the nth iteration be small is used as the termination condition. In general

these corrections should tend to zero in the limit, and the potential should

need no further improvement. Experience has shown that 1 x 10- is a

reasonable iteration limit; however, some problems need not be reduced

to this limit.
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The overrelaxation correction, w, is applied after the calculation of

Cn by

PN'Pn -1 + (n~ n-n1 ). (5)

The optimum w is calculated by

w = 22 (6)
1+V 1 -7

2 (Q + w -1)2

where = n 1()

Qnw 2

n
and Q = En (8)

n En

The w calculated during stable sequences is 1 < w < 2.8

Large savings in computer time are realized through use of over-

relaxation factors generated by the program. Frequently this technique

results in greater than a twofold reduction in the number of iterations

required for solution.

The program checks the problem type during recalculation of the

overrelaxation factor. For partially-saturated flow the w of Equation (6) is

substituted into

ow = 1.0 + (w - 1.0) 0. 15 (9)

which in the limit permits o to equal 1. 15. This does not insure stability,
however, for when Qn < 1, the expression 1 - 2 is complex. It was deter-

mined empirically that when Q < 1 an underrelaxation factor can be calculated

by reversing the sign of 2 and solving Equation (6). The value of the result-

ing w is further reduced by

wp = 0. 65 + 0. 17 5 w . (10)

The resulting wi is used during the next series of iterations.
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Initial Point

The use of well-located initial point can save computer solution

time and, when required, control instability. Computer time is saved by

setting the initial point at a predominant boundary condition. By such place-

ment the large changes in potential, which normally originate at boundaries

representing the principal source of flow, are swept quickly toward a far

boundary in one iteration. In contrast, positioning the initial point at a

minor boundary is less effective in distributing the potential changes from

the predominant boundary. The effective distribution of the potential

changes is most important early in the solution.

The movable initial point also has utility in overcoming instability.

If instability cannot be overcome by the other methods mentioned, then the

iteration origin is placed at the node location displaying the greatest disturb-

ance. This in effect reorders the sequence in which the system of equations

is solved and sweeps the errors toward the boundaries; the oscillations are

dampened and the problem ordinarily converges.

The fixed order of sequencing, which originates at the initial point,

proceeds from the initial point row down the initial column until it reaches

the boundary; it then returns to the initial row, but left one column, and

proceeds again downward. This is termed a "down-left" direction. The

order moves down-left, down-right, up-left, and up-right in a two-dimensional

plane. In three dimensions the order moves through the initial plane, forward

through each plane in like manner than back through the remaining planes.
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APPENDIX A

INPUT PREPARATION

The preparation of input is necessarily complicated by the large

number of options available in the program. These options are explained

in the text and in the following preparation of data cards. The number and

types of data cards used may vary from a few to nearly all of those

described, with many duplicates, depending on the options. Sequential

order of the input cards is dependent on the boundary value problem and

will be found to follow the schematic diagram of Figure 4 (page 34,

Appendix A). Listings of sample input are found in Appendix C.

Card

Card

l Type 1 - Used in all options.

Field A - Five column integer field beginning in Column 1

(contains the case number).

Field B - Sixty column BCD field beginning in Column 6

(contains an identification message).

I Type 2 - Used in all options. This card contains ten program

control integers which are placed in Columns 5, 10,

15, 25, 30, 35, 40, 45, and 50. These integers

control the major options in the program.

Field A -

Field B -

NSAT (controls the degree of saturation).

If NSAT is equal to:

1 - Partially saturated soil exists in the problem.

2 - Saturated soil exists everywhere in the problem.

NINPHI (controls the input method for initial potential

head matrix).

If NINPHI is equal to:

1 - The initial head matrix is read in by row input

option, using Card Types 10 and 11, or 10 and 13.

2 - The initial head matrix is read in by the matrix

input option using Card Type 16.
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Field C - NINEK (controls the input method for the initial relative

capillary conductivity matrix). This option is not

applicable to partially saturated flow problems and no

control integer is needed.

If NINEK is equal to:

1 - Initial relative capillary conductivity matrix is

read in by row input method using Card Types 10

and 12, or 10 and 14.

2 - The initial relative capillary conductivity matrix

is read in by the matrix option using Card Type 17.

Field D - NCUT (controls the matrix cutting option).

If NCUT is equal to:

1 - Rows, columns, and planes will be removed from

the initial head matrix provided the matrix dimen-

sions on Card Type 6 are different.

2 - Rows, columns, and planes will be removed from

both the initial head and conductivity matrices

provided the dimensions on Card Type 6 are

different.

Field E - NAVG (controls the denominator in the potential head

calculation).

If NAVG is equal to:

1 - The potential head calculation will use the

capillary conductivity for the node point in the

denominator.

2 - The capillary conductivities will be properly

averaged and used in the denominator for the head

calculation.

Field F - NAXI (controls the difference between two-dimensional

and axisymmetrical cases).

If NAXI is equal to:

1 - Two dimensional case will be calculated

2 - Axisymmetrical case will be calculated.

This integer has no meaning in the one- or three-

dimensional cases.
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Field G - NPUN (controls the output punching of the cards).

If NPUN is equal to:

1 - The final potential head and relative capillary

conductivity matrices are not punched on cards.

2 - The final potential head and relative capillary

conductivity matrices are punched on cards

using a format compatible with the matrix

input option.

Field H - NBUG (controls the program output).

If NBUG is equal to:

1 - The printout will contain:

a. Steady-state potential head values.

b. Relative capillary conductivity values

(if flow is unsaturated).

c. The number of iterations for solution.

2 - The printout will contain:

The same as NBUG equal to 1 (above) plus

the iteration number, the highest difference

between the present and previous iteration, the

coordinates of the point of highest difference, the

average difference in the matrix, and the relaxa-

tion factor used for each iteration.

3 - The printout will contain:

All of the above and, in addition, the piezometric

head matrix at each iteration, and the conductivity

matrix at each iteration. If partially saturated

flow is involved, the printout will also contain

pertinent information for each head calculation for

each iteration on every point in the matrix. This

option is for debugging only since the printout is

voluminous.
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Field I

Field J

- NGRAP (controls graphical printout).

If NGRAP is equal to:

1 - Matrices will be printed in compact form.

2 - The matrices will be printed in a graphical form

with the decimal points spaced on a nearly equal

grid.

Pages may be cut and placed in a manner as to

obtain a complete matrix.

- NDUM3 (controls moisture content calculation).

If NDUM3 is equal to:

0 or blank-the program as defined is unchanged and it

will calculate potentials.

Any integer-the program calculates moisture content

at every node point provided the potential head values

are input with the appropriate moisture content soils

data substituted into the program.

Card Types 3, 4, and 5 provide the necessary soils input data for

solving partially-saturated flow problems. They are not used in the saturated

flow case. A detailed explanation of Card Types 4 and 5 will be found in

Appendix B.

Card Type 3 - Used when NSAT equals 1. This card contains a two-

column integer field, beginning in Column 1, and a 10

column floating point field beginning in Column 3.

Field A - Contains the number of soils used in the problem (limited

to 15 or less).

Field B - Contains the scaling factor for the soils data. The purpose

of the scaling factor is to control overflow in the computer

during the calculation of the soils equation used in Fields D1
and D2 on Card Type 5. A test criterion for this factor, f,

is: f times the greatest possible capillary pressure, P , to

the D2 power must be less than 1036 f D2 1036).
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Card Type 4 - Used when NSAT equals 1. This card contains four

10-column floating point fields beginning in Columns 1,

11, 21, and 31, and a two-digit integer field beginning

in Column 41.

Field A - Contains the highest capillary pressure head value for

a linear fit on the pressure versus capillary conductivity

curve.

Field B - Contains the highest capillary pressure head value of

the tabled conductivity values listed in Fields C ... Cn

of Card Type 5.

Field C - Contains the highest capillary pressure head value for

which the exponential fit is used.

Field D - Contains the step between the tabled values of capillary

pressure head. This is normally negative since the

values are listed in descending order.

Field E - Contains the number of values in the tabled segment of

the curve. The table must include values for each end-

point pressure. Up to 41 values may be used.

Card Type 5 - Used with Card Type 4. This card contains seven 10-

column floating point fields beginning in Column 1, 11,

21, etc.

Field A - Contains the constant relative capillary conductivity

value for the pressure head above the linear fit. When

more than one soil is used, this value on the first soil

is used to relate all values to one soil. (See Permeability

Coupling Ratio, page 10, Part 1).

Fields B 1

and B 2 - List the coefficients of the linear equation for computing

conductivities for capillary pressures equal to or less

than the value in Card Type 4-A and greater than values

in Card Type 4-B. The equation is of the form

K = B (-P ) + B1 c)+2

where K is the capillary conductivity and Pc is the

capillary pressure. Note: -Pc = py
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Fields

C . .. C - Lists the tabled values of capillary conductivity, begin-
1n

ning with the values in Card Type 4-C, in steps of

capillary pressure head defined in Card Type 4-D. The

n-number of values is set in Card Type 4-E.

Fields D

and D2 - Contain the coefficients of the exponential equation for

computing conductivities for pressures equal to or less

than the value in Card Type 4-C. The equation of the

form

K 
D1

K=
(-PC) D2

c

Sufficient cards of Type 5 are used to read in the necessary informa-

tion for each soil. Sets of Card Types 4 and 5 are read until the number of

soils (Card Type 3, Field A) is satisfied. These same cards are used to input

moisture content data in the same manner as the conductivity (See Appendix B).

Card Type 6

Fields A,

B, and C

Fields D,

E, and F

Used in all options. This card contains nine 5-column

integer fields beginning in Columns 1, 6, 11, etc.

List the matrix dimensions in y, z, and x directions

respectively before removal of any rows or columns.

List the matrix dimensions in y, z, and x directions

respectively after the removal of rows, columns, and

planes. If the two sets of dimensions are equal, no rows,

columns or planes will be removed.

Fields G,

H, and I - Contain the y, z, and x coordinates of the initial point

for stepping through the matrix during calculation of the

potential.

These initial point coordinates are in terms of the "uncut" matrix and

are "cut" by the program in the routine for removing rows, columns, and
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planes. To keep the necessary boundaries they must satisfy the equation

Whole number = M - 1

where N is the large "uncut" boundary and M the final "cut" coordinate of

that boundary. The initial point coordinates must also satisfy that condition.

Card Type 7 - Used in all options. This card contains seven 10-column

floating point fields beginning in Columns 1, 11, 21, etc.

Field A - Contains the fractional distance between node points;
Lthat is, n-1 where L is distance and n is the number

of nodes used over that distance (Field G, Card 6). This

number must have the same dimensional units as the

soils data, i. e., length units must be identical to the

input capillary pressure head and to L in Field G to

follow.

Field B - Contains the translation of the origin in the vertical

direction (see page 8, Part 1).

Field C - Contains the angle of inclination of the system in radians.

Note: For axisymmetrical cases this angle must be zero

or the symmetry will be destroyed.

Field D,

E, and F - List the coefficients corresponding to the letters in the

equation [Part 1, Equation (24)].

p/y= -(P ).j. = ep.j. - D(k-1)A cos C

+ EA (i-1)sin C - FBG,

where the letters A, B, C, D, E, F, and G refer to the

fields of Card Type 7.

Field G - Contains the length scaling parameter, L. This must be

in the same dimensional units as the soils data and

vertical translation.

Card Type 8 - Used in all options. This card contains four 10-column

floating point fields beginning in 1, 11, 21, etc.
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Field A - Contains the error exit potential head value. If the cal-

culated head equals or exceeds this value, an error exit

will occur (usually occurs when iterative solution is

unstable).

Field B - Contains a value which defines the completion of the case.

If the highest difference between the potential at the nth

iteration and the (n-1)th iteration is equal to or less than

this value, the case is complete.

Field C - Blank

Field D - Used for axisymmetrical cases only, e. g. , if NAXI

equals 2. The field contains the fraction of grid space

or spaces from the axis of symmetry to the first node

[See Part 1, Equation (30)].

Card Type 9 - Used in all options. The card contains one 5-column

fixed point field and three 5-column integer fields start-

ing in Columns 1, 6, 11, etc.

Field A - Contains the initial overrelaxation factor to be applied

to the potential head calculation through the first num-

ber of iterations which appears in Field B.

Field B - Contains the number of the iteration through which the

initial overrelaxation in Field A will be applied.

Field C - Contains the number of iteration cycles that will be com-

pleted before the calculation of a new overrelaxation

factor.

Field D - Contains the number of iteration cycles permitted before

the program automatically uses "Save" option.

Since the input preparation for the necessary matrices is complicated by the

various options available, a general discussion of these options will first be

given.

The row input option is used advantageously with matrices having

adjacent rows, in either the Y or Z firections, that are alike. For flexibility

two alternatives are available: full row or column of change. The row option

always employs two card types. Card Type 10 is used to define the area of
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the matrix to which the values are to be applied. The second card contains

the row of values, but this card will have varying formats, depending on the

matrix and the alternative used.

The matrix option is provided for matrices which have different

values at nearly every point. In this option, the matrix is read in ordered

fashion from (1, 1, 1) to point (Y , Z - X ). This option uses one card
t. m n

type to describe the matrix. The initial piezometric head and relative

capillary conductivity matrices may be read with this option.

1. Row Input Option

Card Type 10 - Used if NINPHI is equal to 1 for capillary pressure heads.

Used if NSAT equals 2 and NINEK equals 1 for capillary

conductivities. Used if NSAT equals 1 for soil identifica-

tion.

Used in all options for calculation types.

This card contains five 3-column integer fields beginning

in Columns 1, 4, 7, 10, and 13.

Field A - Contains the number of the lowest X-Z plane(s) for which

the row of values defined on the following card(s) applies.

Field B - Contains the number of the highest X-Z plane(s) to which

the row of values defined on the following card(s) applies.

Field C - Contains the number of the lowest row in the X-Z plane(s)

to which the row of values defined on the following card(s)

applies.

Field D - Contains the number of the highest row in the X-Z plane(s)

to which the row of values defined on the following card(s)

applies.

Field E - KKK-Contains the number of changes in the row of values

defined on the following card(s). KKK equal to 0 signifies

the full row option.

-27-



HW-72335 PT2

Card Type 11 - Used with Card Type 10 if KKK equals 0. This card con-

tains eight 9-column fixed point fields beginning in Columns

1, 10, 19, etc. Full-row alternative is used to read the

initial potential heads at every point on the row(s).

Field

A1... A8 - Lists the initial piezometric head values for the row(s);

read from left to right. As many cards of this type may

be used as necessary to define a row of up to 501 values.

Card Type 12 - Used with Card Type 10 if KKK equals 0. This card con-

tains seven 10-column floating point fields beginning in

Columns 1, 11, 21, 31, 41, 51, and 61. The full-row

alternative is used to read initial relative capillary con-

ductivity at every point on the row(s).

Field

A1 . . A7 - Lists initial relative capillary conductivities for the

row(s) read from left to right. As many cards of this

type may be used as necessary to define a row of up to

501 values.

Card Type 13 - Used with Card Type 10 if KKK is greater than 0. The

column of change alternative is used to read the initial

potential head values. This card contains seven pairs

of fields. The pairs begin in Columns 1, 11, 21, etc.

Each pair consists of a four-column integer field (Field A)

and a six-column fixed point field (Field B).

Field

A . .. A7 - Lists the numbers of the columns in which the potential

head values in the adjacent B field become effective.

Field

B. . . B7 - Lists the potential head values which become effective in

the column indicated in the corresponding A field. Sufficient

cards of this type may be used to describe row(s) of up to

501 values.
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Card Type 14 - Used with Card Type 10 if KKK is greater than 0. The

column of change alternative is used to read the relative

capillary conductivity matrix. This card contains four

pairs of fields. The pairs begin in Columns 1, 16, 31,

and 46. Each pair consists of a five-column integer

field and a ten-column floating point field.

Fields

A and B - These fields are used in the same manner as those on

Card Type 13.

Card Type 15 - Used with Card Type 10 to read in the soil identification

and the calculation type matrices using the column of

change alternative only. This card contains 14 pairs of

fields. The pairs begin in Columns 1, 6, 11, 16, 21, 26,

31, 36, 41, 51, 56, 61, and 66. Each pair consists of a

three -column integer field and a two-column fixed point

field.

Fields

A and B - These fields are used in the same manner as those on

Card Type 13.

The calculation type code is listed in Table A-1 below.

CODE FOR

Code

1
2
3
4

TABLE A-1

TYPE OF POTENTIAL HEAD CALCULATION

One-Dimensional Cases

Surrounding Points Used

No calculation
B-T
T-T
B-B

Two-Dimensional Cases

Surrounding Points Used Code Surrounding Points Used

No calculation 6 L-L-B-T
L-R-B-T 7 R-R-T-T
L-R-T-T 8 L-L-T-T
L-R-B-B 9 R-R-B-B
R-R-B-T 10 L-L-B-B

Code

1
2
3
4
5
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TABLE A-1 (contd)

Three-Dimensional Cases

Code Surrounding Points Used

No calculation
L-R-B-T-N-F
L-R-T-T-N-F
L-R-B-B-N-F
R-R-B-T-N-F
L-L-B-T-N-F
L-R-B-T-F-F
L-R-B-T-N-N
R-R-T-T-N-F
L-L-T-T-N-F
L-R-T-T-F-F
L-R-T-T-N-N
R-R-B-B-N-F
L-L-B-B-N-F

Code Surrounding Points Used

15 L-R-B-B-F-F
16 L-R-B-B-N-N
17 R-R-B-T-F-F
18 R-R-B-T-N-N
19 L-L-B-T-F-F
20 L-L-B-T-N-N
21 R-R-T-T-F-F
22 R-R-T-T-N-N
23 L-L-T-T-F-F
24 L-L-T-T-N-N
25 R-R-B-B-F-F
26 R-R-B-B-N-N
27 L-L-B-B-F-F
28 L -L -B-B-N-N

1
2
3
4
5
6
7
8
9

10
11
12
13
14

L is

R is

B is

T is

N is

Y

F is

2. Matrix Option

Card Type 16 - Used if NINPHI (Card Type 2) equals 2. This card is

used to read the initial potential head matrix using the

matrix option. The card contains eight 9-column fixed

point fields beginning in Columns 1, 10, 19, 28, etc.

Fields

A 1.. . A8 - List the initial potential head values read in the following

order: ( 1, 1 , 1 ), ( 1, 1,)2), . .. , ( 1, 1 , Xn) , (1, 2, 1), . .. ,

(1, 2, Xn), . .. (1, Z mXn ), (2, 1, 1), . .. , (Y , Z ,P X n). As

many cards of this type as necessary are used to read

the entire matrix up to 8000 values. This format is

compatible with the card output from the program.

the point to the left or in the negative X coordinate direction.

the point to the right or in the positive X direction.

the point below or in the negative Z direction.

the point above or in the positive Z direction.

the point in the next "nearer" X -Z plane or in the negative

direction.

the point in the next "farther" X-Z or in the positive Y direction.
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Card Type 17 - Used if NINEK (Card Type 2) equals 2 and NSAT equals

2. This card is used to read the initial capillary con-

ductivity by the matrix option. It contains seven. 10-

column floating point fields beginning in Columns 1, 11,

21, etc. Card Type 17 is used in a manner similar to

Card Type 16. This format is also compatible with the

output from the program.

It should be noted here that an inconsistency exists between Part 1

and Part 2 documents. The direction in which the Y coordinate increases is

lefthanded in Part 1 and righthanded in Part 2. Therefore, if the foregoing

table is related to the finite difference representation of the boundary con-

ditions in Part 1, the subscripts j - 1 and j + 1 should be interchanged.

With this change Part 1 becomes consistent with Part 2 and the computer

program.

Deck Setup

The deck is set up in standard FORTRAN monitor order:

* IDENT Card

XEQ Card

Binary Object Deck

DATA Card

Input Data

Operating Instructions

This is a standard FORTRAN Monitor chain link program; however,

the use of two special features will have to be indicated to the operators on

the procedures card.

(1) If the matrices indicated in Card Type 2-C are to be punched

on cards, the proper note should be made to the operator.

(2) This program may be saved if the maximum execution time is

exceeded. Special note to the operator should indicate that in

case the specified time limit is exceeded, sense switch one is

to be put in the down position, and time allowed for the save,

The output is written to Tape Unit B4. The user is advised to

check local procedures.
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Input Preparation for Startup from the Saved Program

The save feature of the program permits changes to be made in the

original input to the problem; the cards needed for startup from save are

listed below.

Card Type 1S

Field A

Card Type 2S

Field A

Card Type 3S

Field A

Field B

Field C

Field D

Card Type 4S

Field A

Field B

Card Type 5S

Field

Field

Field

Field

A

B

C

D

- Used in all options to indicate if changes in the data are

to be made. This card contains a one-column integer

field in Column 1.

- The save input control integer. If this integer is zero,

no input changes are desired, and no other cards are

needed. If the integer is one, input changes are desired

and Cards 2S, 3S, 4S, and 5S must follow.

- This card contains a 60-column BCD field.

- A case identification message. Card Type 1 may be

used.

- This card contains four control integers placed in

columns 5, 10, 15, and 20.

- See Program Control Integers-Card 2-E.

- See Program Control Integers-Card 2-G.

- See Program Control Integers-Card 2-H.

- See Program Control Integers -Card 2-I.

- This card contains two 10-column, floating-point fields

beginning in Columns 1 and 11.

- See Card 8-A.

- See Card 8-B.

- This card contains one 5-column, fixed-point field and

three 5-column integer fields starting in Columns 1, 6,

11, and 15.

- See Card 9-A.

- See Card 9-B.

- See Card 9-C.

- See Card 9-D.
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The above procedure is applicable to offsite usage where a standard

FORTRAN II monitor is used with the exception of the deck setup below for

reloading the program.

Deck Setup (for HAPO use only)

The deck for HAPO use is set up in the following order:

* IDENT Card

* XEQ SAVE Card

Binary Save Deck

* DATA Card

Input Data

Deck Setup (for offsite use)

The deck setup for offsite use in in the following order:

* IDENT Card

* XEQ Card

Loader programs (to be provided)

Binary Save Deck

DATA Card

Input Data

The loader program is a standard FORTRAN program that can

easily be modified by the user to meet local operational requirements.
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APPENDIX B

SOILS DATA INPUT PREPARATION

The soils data used in the program for partially-saturated flow

problems are obtained experimentally. The treatment of the laboratory

data to reduce them to the necessary input on Card Types 4 and 5 is

discussed in this Appendix.

In solving for the potentials within the matrix of grid points, the

relationship of capillary conductivity, x, to capillary pressure, -Pc, is

needed. Once the potential pattern has been obtained the relationship of the

moisture content, e, to -Pc may be used to obtain the moisture content

pattern within the matrix.

The input method for the soils data requires that a tabulated set of

experimental values be reduced to a systematic set of data that will permit

the computer to interpolate between points of information or to evaluate

appropriate equations representing the laboratory data. This data reduction

step is illustrated graphically in Figure 5 which is a plot of the experimental

x values normalized with the saturated permeability, x0. The K plotted on

the graph is the relative capillary conductivity. Figure 6 is a plot of mois-

ture content, e, versus ply.

To illustrate the technique used to obtain the necessary soils data

from the plot of K versus p/y (Card Types 4 and 5, Appendix A), a typical

soil, G. E .- 9, shown on Figure 5 will be used. A complete listing of the

input cards for that soil is shown as the first soil of the sample input for

the partially saturated case in Appendix C. The same techniques apply for

the moisture content relationship, but now the same cards are used in a

slightly different manner.

The curve of capillary conductivity shown on Figure 5 is divided into

four segments; a constant value, a linear fit, a table of values, and an expo-

nential fit. On the described curve the linear fit segment has been reduced

to a point. The highest pressure head, p/y, of the linear fit is -5. 0 cm,
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FIGURE 5

Capillary Conductivity-Pressure Relationship
for Typical Hanford Soils
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FIGURE 6

Moisture Content-Pressure Relationship
for Typical Hanford Soils

AEC-GE RICHLAND. WASH.
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(Field A, Card Type 4). The highest p/y value of the table of values is

chosen where the curve deviates from the straight line description at the

point marked A or -5. 0 cm, (Field B, Card Type 4). The highest p/y

value of the exponential fit, (Field C, Card Type 4), is chosen arbitrarily

and must coincide with the last point of the table of values: for G. E .- 9

soil a value of -81. 0 cm is used. The pressure head increment between

the tabled values of K is chosen as -2. 0 cm, (Field D, Card Type 4). The

number of K-values between -81. 0 cm and -5. 0 cm in increments of -2. 0 cm

is 39 (Field E, Card Type 4).

Card Type 5 inputs the K-values corresponding to the p/y values on

the previous card. The constant K-value normally used in Field A, Card

Type 5 is the saturated permeability of the soil; in the example, this value

is 0. 0167 cm/min. The K-value is used to form the permeability coupling

ratio (discussed in Part 1) which correctly interrelates the several soils in

any flow problem where each soil has a different saturated conductivity.

The first input soil is used as the base soil to which all the other soils are

related. When moisture contents are being input, the program does not

form this ratio but uses the values directly.

The coefficients of the linear equation for computing the linear fit

portion of the curve are B1 and B2 in the following equation:

K = B1 (p/y) + B2 . (1)

In this case where no fit was made, B1 = 0. 0 and B2 = 1. 0 were used

(Fields B1 and B 2 , Card Type 5).

The tabled values of capillary conductivity are read from the graph

or from tabulated results at every 2. 0 cm increment in pressure head. The

first value must coincide precisely with the last value at the end of the straight

line portion of the curve, i. e. , at -5. 0 cm the value is 1. 0. Additional values

for this soil are 0. 967, 0. 941, 0. 916, 0. 890, 0. 865, etc. These values are

entered in Fields C 1 ... C . The straight line portion of the curve, as shown
1n

on the logarithmic plot of Figure 5, is described by an exponential equation

D
K1(2)

(p/y)D 2
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The equation rewritten in logarithmic form is

log 1 0 K = log D1 - D 2 log (p/y). (3)

Two points from the curve are substituted into the equation to form two

equations with two unknowns. Log D 1 is eliminated and the equation is

solved for the coefficient D2 . Coefficient D1 is obtained by substituting
13

D2 into Equation (2). These values for soil G. E.-9 are 7. 3115 x 10 and

7. 842 (Fields D1 and D2, ard Type 5). Substitution of the last K-value

from the table into Equation (2) must yield the correct ply or a discontunity

will exist in the curve and erroneous answers will result.
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APPENDIX C

PROGRAM SAMPLE INPUT AND RESULTS

The input and solution of two sample problems are included to

provide a demonstration of the card preparation and printed results. The

cases are not intended to be realistic flow systems but serves to illustrate

input options and may be used as standards for checking programs.

The first case is a three dimensional flow problem representing

one-quarter of a flow system with the soil only partially saturated. The

case demonstrates the soils input data and row input options in initial

heads, soils, and calculation types. The soil is heterogeneous with the

pattern shown in Figure 7. The flow from a source in the upper corner

is outward and downward toward the water table held fixed one node spacing

below the bottom of the block. The block of soil being investigated is 30 cm

high, 15 cm deep, and 20 cm wide with the nodes spaced at 5 cm intervals

throughout.

Case Two illustrates a saturated flow system based on Figure 7,

also. The system may be thought of as a thin slice using only the front

face on the block. This represents the two dimensional flow system of an

infinitely long trench. The pattern is represented by changes in the

saturated permeability of the various soils. The origin has been translated

a -30 cm to insure saturated conditions.
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1 PARTIALLY SiTURATEU FLOw (3 uIi.) SAiMiPL. C-'L wiTH 2 SOILS.
1 1 1 2

COMMENT--SOILS DATA INPUT
21.0 -02

2 2 2 1

-5. +uu-5. +uu-d.1 +u1-2. +0039

1.67 -u2u. +uul. +uul. +u09.b7 -019.41 -019.16
8.9 -ul.65 -ulb.36 -016.12 -u17.b5 -017.5 -017.32
7.u5 -ul6.b -v16.53 -016.27 -u16. -015.75 -015.5
5.23 -u14.97 -o14.71 -014.46 -u14.lb -013.93 -013.66
3.37 -013.13 -u12.8b -012.62 -012.37 -012.14 -011.92
1.72 -011.54 -ull.37 -011.21 -llu7 -019.2 -027.9
7.3115 +137.842 +v0
-1.4 +01-1.4 +01-2.14 +u2-5.u +0041
3.44 -030.0 1.u +0o1.o +o09.71 -u10.96 -01o.03
7.42 -. 16.9u -016.50 -016.13 -015.oo -u1.3 -015.23
4.95 -u14.bb -014.40 -014.13 -u13.ob -013.63 -013.42
3.22 -013.02 -u1t.b25 -012.625 -012.44 -012.[0 -012.09
1.935 -011.80 -011.6.65 -011.55 -011.43 -011.33 -011.23
1.15 -u11.075 -v11.u -019.3 -u2b.o -027.o0 -027.15
6.4 -025.75 -025.28196+063.4)ls +uo
COMMENT--PROBLEM CONSTANTS

4 6 5 4 6 5 2 5 2
2.u -016.0 u.U 1.0 leo 1.0 3.0
1.3 +001.0 -06
1.0 15 10 300
COMMENT--CAPILLARY PRESSURE HEAD LOADED BY ROW INPUT OPTION

1 4 1 1 1
10.2

1 4 2 3 2
10.7000 40.5000

1 4 4 4 2
10.9000 30.7u00

1 2 5 5 3
11.0000 3.98000 4.75uuu

3 4 5 5 2
10.9800 40.7800

1 2 6 6 3
11.0000 30.8800 40.7500

3 4 6 6 0
U.95200000.91ouuu0u.8320uuu.6b0uuuu.620uouu
COMMENT--CALCULATION TYPE INPUT BY COLUMN OF CHANGE ORP ROW INPUT

1 4 1 1 1
11.
1 4 2 2 2
11. 32.
1 4 3 3 2
11. 42.
1 2 4 6 2
12. 41.
3 4 4 6 1
11.
1 4 1 1
11.
1 1 2 4 3
117 27. 519

-01
-01
-01
-01
-01
-02

-01
-01
-01
-01
-01
-02

TYPE 1
TYPE

TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPL
TYPE
TYPE
T YP
TYPE

TYPE
+01 TYPE

TYPE
TYPE

TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE

TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE

-41-
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i

i

I

3
4
5
5
5
5
5
5
5
4

5
5
5
5
S
5

6
7
8
9

10
13
10
13
10
13
10
13
10
13
10
13
10
11

10
15
10
15
10
15
10
15
10
15
10

15
10
15
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2 3 2 4 3 TYPE 10
15. 22. 56. TYPE 15
4 4 2 4 3 TYPE 10
118 28. 520 TYPE 15
1 1 5 5 3 TYPE 10
11. 37. 519 TYPE 15
2 2 5 5 3 TYPE 10
11. 32. 56. TYPE 15
3 3 5 5 3 TYPE 10
15. 22. 56. TYPE 15
4 4 5 5 3 TYPE 10
118 28. 520 TYPE 15

1 1 6 6 3 TYPE 10
11. 315 527 TYPE 15
2 2 6 6 3 TYPE 10
11. 34. 514 TYPE 15
3 3 6 6 3 TYPE 10
113 24. 514 TYPE 15
4 4 6 6 3 TYPE 10
126 216 528 TYPE 15

2 SATUFATEL FLUw PkUOLii (2 UIILH1ION IN X-L PLAsti ) TYPE 1
2 2 1 1 1 1 2 2 1 TYPE 2

COMivENT--PRObLEk CONSTwNiS
1 6 5 1 6 5 1 5 1 TYPE 6

2.u -Ul-3.0 +010.u +Oyl.u +Ou1.u +uv1.O +003.0 +01 TYPE 7
1.3 +001.0 -06 TYPE 8
1.25 8 10 80 TYPE 9
COMMENT--PIEZOMETRIC HEAD LOADED BY MATRIX OPTION
U. U. U. 0. 0. U.09u5676.t0'7tO50.Useaos; TYPE 1o
0.0344560.02bb330.4.92.00b..y3312y0.270K,0.1 10zUUu.u9654390.7729132 TYPE 16
u.733857 U.555y77bu. 260:io1I. 233bu .*UuUouUl.uOuOuvuu.67U9576.4831951 TYP 16
u.36174571.uuuu~ul. uuuuu.716u414u. 541b1O0U.44u'+4+0. 0. TYPE 16
CONMLNT--HYDki1ULIL LONuUCTIVITY OR PLNMLObILITY LOAoUL oY COLUN OF CHANGE

1 1 1 1 1 TYPE 10
11.67 -02 TYPE 14

1 1 2 2 2 TYPE 10
11.67 -02 33.44 -03 TYPE 14

1 1 3 3 2 TYPE 10
11.67 -02 43.44 -03 TYPE 14

1 1 4 6 2 TYPE 10
13.44 -03 41.67 -02 TYPE 14

C0ivifrINT--CALULAT1IN TYP% INPUT Y COLUmri uF HAi'uE U kOW INPUT
1 1 1 1 1 TYPE 10
11. TYPE 15
1 1 2 4 3 TYPE 10
15. 22. 56. TYPE 15
1 1 5 5 3 TYPE 10
11. 32. 56. TYPE 15
1 1 6 6 3 TYPE 10
11. 34. 510 TYPE 15

NOTE--THE CO1viiENT CARDS ARE FOR INSTRUCTION ONLY NOT PART OF THE DAiM
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INITIAL CONDITIONS

CASE NO. 1 PARTIALLY SATURATED FLOW (3 DIM.) SAMPLE CASE WITH 2 SOILS.

474

INPUT DATA FOR THIS CASE

THIS IS A THREE DIMENSIONAL CASE

UNSATURATED SOIL CONDITIONS EXIST

SOIL TYPE IDENTIFICATION
SOIL NUMBER PERMEABILITY COUPLING RATIO

1 1.0000E 00
2 2.0599E-01

THE CAPILLARY PRESSURES ARE SCALED BY 10.0000E-03
SATURATED PERMEABILITY FOR SOIL NO.1 1.6700E-02

DESCRIPTION OF MATRIX
MATRIX DIMENSIONS ARE Y# 4 Z# 6 X# 5
THE COORDINATES OF THE POINT OF DISTURBANCE ARE Y# 2 Z# 5 X#I 2

PARAMETERS DESCRIBING PROBLEM
DISTANCE BETWEEN NODE POINTS IS 2.0000E-01
COLUMN LENGTH IS 3.0000E 01
VERTICAL TRANSLATION OF THE ORIGIN IS 6.0000E 00
ANGLE OF INCLINATION OF THE SYSTEM IS 0.
COEFFICIENTS OF THE CAPILLARY PRESSURE EQUATION ARE 1.0000E 00 1.0000E 00

1.0000E 00
PIEZOMETRIC HEAD CALCULATION METHOD
RELATIVE CAPILLARY CONDUCTIVITY VALUES USED IN THE DENOMINATOR OF THE HEAD
CALCULATION ARE AVERAGED

OVERRELAXATION CORRECTION
USED THROUGH ITERATION FACTOR

15 1.0000E 00
OVERRELAXATION FACTOR RECALCULATED EVERY 10 ITERATIONS THEREAFTER UP TO 300

PROGRAM CONTROLS
IF THE HIGHEST DIFFERENCE IS LESS THAN 1.000OE-06,THE CASE IS COMPLETE
IF A CALCULATED PIEZOMETRIC HEAD VALUE EXCEEDS 1.3000E O0,AN ERROR EXIT OCCURS

DUMMY INPUT VALUES
INTEGERS FLOATING VALUES

-0 1.6700E-02
-0 -0.
-0 -0.

PIEZOMETRIC HEAD

Y i 1

Z# 6 1.00000 1.00000 0.88000 0.75000 0.75000

Z# 5 1.00000 1.00000 0.98000 0.75000 0.75000

Z# 4 0.90000 0.90000 0.70000 0.70000 0.70000

Z# 3 0.70000 0.70000 0.70000 0.50000 0.50000

Z# 2 0.70000 0.70000 0.70000 0.50000 0.50000

Z# 1 0.20000 0.20000 0.20000 0.20000 0.20000
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Y#

Z#

Z#

Z#

Z#

Z#

Z#

Y#

Z#

Z#

Z#

Z#

Z#

Z#

Y#

Z#

Z#

Z#

Z#

Z4

Z#

Sol

YN

Z

Z#

Z#

Z#

Z#

Z#

0.75000

0.75000

0.70000

0.50000

0.50000

0.20000

0.75000

0.75000

0.70000

0.50000

0.50000

0.20000

1.00000

1.00000

0.90000

0.70000

0.70000

0.20000

0.95200

0.98000

0.90000

0.70000

0.70000

0.20000

0.95200

0.98000

0.90000

0.70000

0.70000

0.20000

1.00000

1.00000

0.90000

0.70000

0.70000

0.20000

0.91000

0.98000

0.90000

0.70000

0.70000

0.20000

0.91000

0.98000

0.90000

0.70000

0.70000

0.20000

0.88000

0.98000

0.70000

0.70000

0.70000

0.20000

0.83200

0.98000

0.70000

0.70000

0.70000

0.20000

0.83200

0.98000

0.70000

0.70000

0.70000

0.20000

L IDENTIFICATION

1

1

1

1

2

2

1

0.68000 0.62000

0.78000 0.78000

0.70000 0.70000

0.50000 0.50000

0.50000 0.50000

0.20000 0.20000

0.68000

0.78000

0.70000

0.50000

0.50000

0.20000

0.62000

0.78000

0.70000

0.50000

0.50000

0.20000

2

2

2

1

1

1

6

5

4t

3

2

1

2

2

2

1

1

2

2

2

2

1

1

1

1

2

2

1
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Yu 2

ZE 6

Z. 5

Z= 4

Ze 3

Z: 2

ZE 1

Ys 3

Z= 6

Z= 5

Z: 4

Za 3

Z 2

Z: 1

Y= 4

ZU 6

Z= 5

Z= 4

Zs 3

Zs 2

Z= 1

2 2

2 2

2 2

1 1

1 1

1 1

1 1

1 1,

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

2 1

2 1

2 1

1 2

2 2

1 1

1 1

1 1

1 1

1 2

2 2

1 1

1 1

1 1

1 1

1 2

2 2

1 1

1

2

1

1

1

1

TYPE OF PIF/OME TIfC W-AD CAI CUI. AT I(N

Y. 1

Z= 6 1 1 15 lt 27

Z. 5 1 1 7 19

Z= 4 17 7 / / 1.

Z= 3 17 7 / / 1A

Z= 2 17 7 / 1 19

Z= 1 1 1 1 1 '.
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Y# 2

Z0 6 1 1 4 4 14

Z# 5 1 1 2 2 6

Z# 4 5 2 2 2 6

Z# 3 5 2 2 2 6

Z# 2 5 2 2 2 6

Z# 1 1 1 1 1 1

Y# 3

Z# 6 13 4 4 4 14

Z# 5 5 2 2 2 6

Z# 4 5 2 2 2 6

Z# 3 5 2 2 2 6

Z# 2 5 2 2 2 6

Z# 1 1 1 1 1 1

Y# 4

Z# 6 26 16 16 16 28

Z# 5 18 8 8 8 20

Z# 4 18 8 8 8 20

Z# 3 18 8 8 8 20

Z# 2 18 8 8 8 20

Z# 1 1 1 1 1 1

CASE IS COMPLETE

CASE NO. 1 PARTIALLY SATURATED FLOW (3 DIM.) SAMPLE CASE WITH 2 SOILS.
PIEZOMETRIC HEAD

Y# 1

Z# 6 1.00000 1.00000 0.68414 0.58546 0.56752

Z# 5 1.00000 1.00000 0.65100 0.56601 0.55161

Z# 4 0.58298 0.57172 0.51234 0.51499 0.51222

Z# 3 0.39890 0.39947 0.40939 0.42722 0.43072

Z# 2 0.30072 0.30080 0.30053 0.28375 0.28075

Z# 1 0.20000 0.20000 0.20000 0.20000 0.20000
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Y#

Z#

Z#

Z#

Z#

Z#

Z#

Y#

Z#

Z#

Z#

Z#

Z#

Z#

Y#

Z#

Z#

Z#

Z#

Z#

Z#

1.00000

1.00000

0.57597

0.40185

0.30234

0.20000

0.72902

0.69028

0.54655

0.41874

0.30740

0.20000

0.67546

0.63924

0.53398

0.41997

0.30868

0.20000

1.00000

1.00000

0.56589

0.40258

0.30244

0.20000

0.70865

0.67263

0.53889

0.41957

0.30751

0.20000

0.65812

0.62469

0.52793

0.42115

0.30884

0.20000 0.20000 0.20000 0.20000

RELATIVE CAPILLARY CONDUCTIVITY

Y# 1

Z# 6 2.0599E-01 2.0599E-01 2.0422E-01

Z# 5 2.0599E-01 2.0599E-01 2.0599E-01

Z# 4 2.0599E-01 2.0599E-01 2.0599E-01

Z# 3 9.8296E-01 9.8324E-01 9.8815E-01

Z# 2 1.0000E 00 1.0000E 00 2.0599E-01

L# 1 1.0000E 00 1.0000E 00 1.0000E 00

8. 1877E-01

8.8975E-01

9.4685E-01

2.0599E-01

2.0599E-01

1.0000E 00

8.1231E-01

8.8435E-01

9.4576E-01

2.0599E-01

2.0599E-01

1.0000E 00

0.67066

0.63963

0.51215

0.41291

0.30212

0.20000

0.62219

0.59497

0.51702

0.43110

0.30704

0.20000

0.60600

0.58102

0.51428

0.43370

0.30844

0.58199

0.56324

0.51445

0.42858

0.28440

0.20000

0.57533

0.55770

0.51418

0.43332

0.28611

0.20000

0.57055

0.55377

0.51300

0.43437

0.28670

0.56549

0.54999

0.51169

0.43128

0.28111

0.20000

0.56142

0.54673

0.51086

0.43293

0.28198

0.20000

0.55888

0.54467

0.51005

0.43335

0.28231
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2.0599E-01

2.0599E-01

2.0599E-01

9.8442E-C1

1.0000E 00

1.0400E 00

8.7588E-01

9.3735E-01

9.5916E-01

9.9278E-01

1.0000E 00

1.0000E 00

8.5433E-01

9.1822E-01

9.5425E-01

9.9338E-01

1.0000E 00

1.0000E 00

2.0599E-01

2.0599E-01

2.0599E-01

9.8478E-01

1.0000E 00

1.0000E 00

8.6825E-01

9.3074E-01

9.5617E-01

9.9319E-01

1.0000E 00

1.0000E 00

8.4678E-01

9. 1263E-01

9.5189E-01

9.9397E-01

1.0000E 00

1.0000E 00

2.0374E-01

2.0599E-01

2.0599E-01

9.8989E-01

2.0599E-01

1.0000E 00

8.3199E-01

9.0104E-01

9.4764E-01

9.9890E-01

2.0599E-01

1.0000E 00

8.2616E-01

8.9560E-01

9.4657E-01

1.0000E 00

2.0599E-01

1.0000E 00

8.1752E-01

8.8872E-01

9.4663E-01

2.0599E-01

2.0599E-01

1.0000E 00

8.1512E-01

8.8664E-01

9.4653E-01

2.C599E-01

2.0599E-01

1.0000E 00

8.1340E-01

8.8516E-01

9.4607E-01

2.0599E-01

2.0599E-01

1.0000E 00

8.1152E-01

8.8375E-01

9.4556E-01

2.0599E-01

2.0599E-01

1.0000E 00

8.0987E-01

8.8253E-01

9.4523E-01

2.0599E-01

2.0599E-01

1.0000E 00

8.0885E-01

8.8175E-01

9.4492E-01

2.0599E-01

2.0599E-01

1.0000E 00

2

6

5

4

3

2

3

6

5

4

3

2

4

6

5

4

3

2

Y#

Z#

ZN

Z#

Z#

Y#

Z#

Z#

Z#

Z#

Z#

Z#

Y#

Z#

Z#

Z#

Z#

Z#

Z#
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INITIAL CONDITIONS

CASE NO. 2 SATURATED FLOW PROBLEM (2 DIMENSION IN X-7 PLAN)
474

INPUT DATA FOR THIS CASE

THIS IS A TWO DIMENSIONAL CASE

SATURATED SOIL CONDITIONS EXIST
SATURATED PERMEABILITY FOR SOIL NO.1 -0.

DESCRIPTION OF MATRIX
MATRIX DIMENSIONS ARE Ys I Z= 6 Xs 5
THE COORDINATES OF THE POINT OF DISTURBANCE ARE Y= 1 7: 5 X=I 1

PARAMETERS DESCRIBING PROBLEM
DISTANCE BETWEEN NOnE POINTS IS 2.0000E-01
COLUMN LENGTH IS 3.0000E 01
VERTICAL TRANSLATION OF THE ORIGIN IS -3.0000E 01
ANGLE OF INCLINATION OF THE SYSTEM IS 0,
COEFFICIENTS OF THE CAPILLARY PRESSURE EQUATION ARE 1.0000E 00 1.0000E 00

1.00F 00

PIEZOMETRIC HEAD CALCJLATION METHOr
RELATIVE CAPILLARY CONDUCTIVITY VALUES USED IN THE PENOMI'ATUR CF THE HEAP
CALCULATION ANE NOT AVFRAGED

OVERRELAXATION CORRFCTION
USED THROUGH ITERATION FACTOR

8 1,2500E 00
OVERRELAXATION FACTOR RECALCULATED EVERY 10 ITERATIONS THFRFAFTEN
UP TO H0 ITERATIONS MAXIMUM

PROGRAM CONTROLS
IF THE HIGHEST P1FFFRFNCE IS LESS TWAN : t.0rjOF-06,THF CASE IS COMPLETE
IF A CALCULATED PIEZOMETRIC HEAD VALUE EXCEEDS 1.3000E 0O,AN ERROR EXIT OCCURS

DUMMY INPUT VALUES
INTEGERS FLOATING VALUES

-0 -0.
-0 -0.
-0 0,
qw n-0.

PIEZOMETRIC HEAT)

Ya 1

7s 6 1.00000 1.00000 0.71804 0.54162 0.44085

Zs 5 1.00000 1.00000 0.67096 0.46,316 0.3617r,

7. 4 0.77291 0.733'6 0.55598 0.296R5 0.22336

Zs 3 0.43923 0.39331 0.20876 0.12100 0.09654

2s ? 0.09057 0.08079 0,05264 0.,3449 0.02866

Z' 1 0. 0. 0. 0. 0.
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RELATIVt: (ANILIL -'Y CflNt ACTIVITY

3.4400F-!1

3. 44001F-'013

3.440nE-13

1.670OF-n2l

1 6700E-n2?

1.6700E-02

3.4400E-03

3.4400E-i3

3.4400E-03

1.6700F-02

1.6700E-02

1.6700F-02

3.44 00F-03

3,4400 E-03

3,4400F-03

1,6700F-02

3,4400F-I) 3

1. 670 0F-02

1.6700E.U2

1,6700E.02

1.670 Ew02

3.4400E-03

3.440nE-U3

1.6700E-U2

1.670OF-02

1.6700E-02

1.6700E-02

3.4400E-03

3.440OF-03

1.6700E-02

TYPE (F PJEZOMFTuIC HEAT )CAI CULATIr)N

Y 1

Za 6 1 1. 4

Z: 5 1 1 2

Zu 4 ti 2 2

Zs 3 5 2 2

Z= 2 5 2 2

Zz 1 1 1

CASE IS COMPLETE

CASE NO. 2 SA
PIEZOMETRIC HEAD

Y. I
Z" 6 1.00000 1.00

Z" 5 1,00000 1.00

Ti 4 0.03842 0,03

Z 3 0.02199 0.02

7; 2 0.01102 0.01

Z 1 0. 0,

4 10

2 6

2 6

2 6

2 6

1 1

TURATED FLOW PROBLEM (2 DIMENSION IN X-Z PLANF)

000

000

708

198

104

0.05993

0.05398

0.03041

0.02298

0.01120

0.

0.04860

0.04545

0,03727

0.02992

0.00360

0.

0.04627

0,04394

0,03860

0.03393

0.00211

0.

Y= 1

Zi 6

Zw 5

4

3

2

1

Z3

Zs

Z=

Zs
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APPENDIX D

PROGRAM AND SUBROUTINE LISTINGS
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C STEADY )ARCIAN FLOw Ii SuILS

CHAIN LINK 1

C ONE,TWO,OR ThREl DIA4ENSIONAL STeHuY STATE FLOW IN SOIL"PrOGaAM U00000
C UP TO boU NODE PuITS uou u
C CHAIN LINK 1 READS INPuT AN PRPAES FOR ITEkATIOi TH u MAlIX uu0u

C PROGRAiMiER OTE THL COOjkINATh IN ILL UScD INTLkNALLY uO N T
C CONFORM TO USUAL MATHEMiATICAL CONVENTION.
C COORDINATE INTLRNHL INuEX LXTERNML (uUCUCitNT) Ii LL/X
C X K I

C Y J J
C 2 tK

COiv;iON PHI ,EKNO 0003u
COMMON UKi,UK2,UK3, TEK3,CKI,CK ,CKi,CK4 0004U
CUvivUN KK I I UJJOQXI axKMAnIUI uT :IJTuTIoubNPU ,NSE ~JlI, 0005
1N1,N2,N3,N4,N5,NAVG,,NSILENAXILSoNkAPLHIu-ilIHIKHINL Ua , UUO0
2NDUM2,NDUM3,NDUM4,H)UM1,MUiv2,vDUiv3,iDUM4,KEY 0007'

COMM ON ILUMP,ICUT,ICUT,ICviAXJ,ICMNAXi ,1 OXuMuoIITNTYPE ICuUT to 0000
1JAMMH1,MH2,MVLMV,-U1,ivO2,VSKIP i9, , I ,I iEK,NlbPhI , i LAXJ, O)u

2NCMAXI ,NCMAXK,NUM u01O
COMMON tCANVLtUtLZp6AN6LcuCEHYLHetLENGP1,CORi,CUR2,Cvis3, UU U

1COR4,COR5,CODE,PHIiAX,DU1,DUM2,DuN3,DUM4,DDUMiDUUM2,DDUN3, 00120
2DDUM4,DDUM5,ANGLE,PLOP 00130
COMMON iACTFXui',M1,UtNOM4,Uum31, NCONAVTakaHTER~eV ltM, u14V

1AXTERM,OTERIVICUNIT UO15U
EQUIVALENCE (PLOP,OUM),(KEY,MUM) 00160
EQUIVALENCE (MAT,EK) U 0 7u
DIMENSION PHIU(buuU),CK(bu0y),NU(u j),MAT(Gu0) uulbu

DIMENSION UK1(15),0K2(15),UK3(15),STLK3(15) OUJ1U
DIMENSION CK1(15),CK2(1b,2),CKs(15,41) ,CK4(1~, ) OU0oU
DIMENSION PLOP(501),KEY(502),uUM(501),MUM(SO2),CODE(10) 00210

5001 FORMAT (44HLRROR EXIT ON LOADING DY COLuofN OF CHANGE Y= 13. 5HTo Y UU22U
1= I3,5X.2HZ=I3,6H TO Z= I3, 2XbHChANGES=I5,2X,22HFIRST NUnoEk uA UU23U
1DED IS ,A6) 00240

1 FORMAT (15,10A6) 00250
2 FORMAT-(I2,E1u.4) 00260
3 FORMAT (1415) 00270
4 FORMAT (14(13,F2.u)) 00260

30 FORMAT (F5.o,315) 0U29U
60 FORMAT (7(14,F6.o)) UO300
70 FORMAT (7E10.4) U031U
71 FORMAT (4E1u.4,12) 00320

300 FORMAT (513) 00330
752 FORMAT (8F9.7) OU34O

30o9 FORMAT (4(15,Elo.4)) U03!u
C CASE IULNTIFICMTIO vAi SWITCH STTCkS tAU IN U00u

READ INPUT TAPE 2,1,NCASL,CUDE 0U3 (u
READ INPUT TAPc 2, UUs UUAf 91r10PHI ,NIleas hCUT ,AV ,'AXI i aUN endU(, 00
1NGRAP.NDUM3 00390

C READ-IN SOIL DATA FOR K CALCULATIONi UN NSAT=1 004UU
GO TO (6uu,2auu),NoAT 00410

60U READ INPUT TAPE 2,2,NUiw,CUNIT 00410
DO 705 M=1,NUM 00430
READ INPUT TAPE 2,71,UK1('),UK1('),UK3(N),jTEK3(M),EK3 00440
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REAL) INPUT TAPE 2,7,CK (i) , (CA2 (, I) ,=1em ) u+4.
1 (CK4 (M,N) ,N=1,2) 004cu

IF (NDUM3)705,64o,7u5 'uu+U

C CALCULATE PERMEAILITY COUPLI\G& RATIv Fur< rETEi'u-IvU oiIu..uUzvU
64U IF(M-1)65,65U,655 u4Zy
650 RWN=CK1(1) vu,
655 CK1(v)=CK1(M) /kWN Uua lo

CK2(M,1)=CK2(M,1)*CK1() u
CK2 (lM,2) =CK2 (M,2)*CK1 (ii) 053u
DO 675 N=1lMEK3 uu U0

675 CK3(M,N)=CK3(M,N)*CK1 (N) uUS s
CK4(M,1)=CK4(M,1)*CK1(M) Uou

C UNIT CORRECT SOIL LATA IF NLCL$SARY oU iu
IF (CUNIT-l.) 7o6,705,706 uuu

7u6 UK1(UV)=UK1(M)*CUNI T us 2
UK2 (M) =UK (M) *CUNjI Tuo
UK3(M)=UK3(Mi)*CUNIT 0u o
CK2(M,1)=CK2(M,1)/CUNIT Uuoca
CK4 ( M, 1) =CK4(v,1 )*CUNI T**CK4 (i i, 2) uo
$TEK3(v)=TEK3(M)*CUNiI u4v

7u5 CONTINUE ou6:
C REAu CASE INPUT uoC.

2Uou REA INPUT T APL 2, 3, CXJ ,NC:Ax1,NI AX , 16A J, i X I9 1L saxK , L() i\.
1JJ,II,KK ,NDUv1,NDUk 2,rNDUfvi4

kEAU INPUT TAPt 2,7u utLU,HUQIOL uu 0 U
KCAL INPUT TAPt 29 7uPnlmAX PlCuUM1,wu 4U (yU

READ INPUT TAPE 2,3o,CUM1,11,n2,i3 u.iu

C SET-UP UNLUT l NalUNS FUo Pnl rIti:. -la 1h/
MAXJ=NCMAXJ u7 u
MAXI=NCMAXI u 1'*
MAXK=NCMiAXK a,

C COMPUTE SlNL ANO CUaINL OF AN LL OF $Y Ti el I nGL iN l a uiu
CANGLE=COF (/ANGLE) u/ /
SANGLE=SINF ( AiNGLcv) u / 0.
DDUM4=H ~
DDUM5=ELENG
GO TO (4uou,4oo1),NSAT Goolu

C UNIT CORRECT COLUMN LtNGTH 0 vLU
40uu LLENG=tLLNG*CUN IT 0u o

DUM1=RWNu4
H=H*CUNI T To 3

C UcT ckRlINI it-AN- nU& IMTI 16 I TuL oc eT-yP Ueo
4001 IF(NCMAXl-ICvAXI) u7uo,[71,2H /U t
2071 ICUT=1 000eU

GO TO 272 o oU
2070 ICUT=NCMAXI/ICMAXI+1 u u

C REA INITIAL PHI,K, ATrLAiAw CMLC TYfP ITRI\CL uOiO

2072 III=1 s'J
15 GO TO (7,3uou,21,2i),III u. s

C INITIAL K IN
3OUU GO TO (30o6, 3vu1) ,NI cKeu, e
3uo6 KCAL INPUT TAPt 2, .u,Jo>, iIu, itlra\s v7.

IF(KKK) 35u,3u5v,o7 uur to
C INITIAL K-wnULL LInc Uno

3oao IMcAU INPUT T APL. L, ~ J, ( LvP ( ') , i=1 A AN)uV 7 7v

GO TO 2v56 olo-o
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C INITIAL K-BY POINTS OF CHANGE 01010
3007 READ INPUT TAPE 2,3009,((KEY(JJJ),PLOP(JJJ)),JJJ=1,KKK) 01020

GO TO 20 01030
C MATERIAL AND CALC TYPES-BY POINTS OF CHANGE 01040

21 READ INPUT TAPE 2,3y0,JB,JTIB,IT,KKK 01050
READ INPUT TAPE Z,4,((KEY(JJJ),PLOP(JJJ)),JJJ=1,KKK) 01060
GO TO 20 01070

C INITIAL PHIS 01080
7 GO TO (750,3U01),NINPHI 01090

750 READ INPUT TAPE 2,3u0,Jo,JT,Ib,IT,KKK 01100
IFIKKK) 3051,3051,8 01110

C INTIAL PHI-WHOLE LINE 01120
3051 READ INPUT TAPE 2,752,(PLOP'K),K=1,MAXK) 01130

C WHOLE LINE IN ROUTINE 01140
2050 0Q 751 J=JBJT 01150

bo 751 I=IB* i' 01160
DO7 51 K=1,MAXK 01170
JAM=MAXI*MAXK*(J-1)+MAXK* I-1)+K 01180
IF(III-2) 2004,2005,2005 01190

2004 PHI(JAM)=PLOP(K) 01200
GO TO 751 01210

2005 EK (JAM)=PLOP(K) 01220
751 CONTINUE 01230

GO TO 22 01240
C WHOLE MATRIX IN ROUTINE 01250
3001 KIJT0T=MAXI*MAXK*MAXJ 01260

IF(III-2) 3002,3003,3003 01270
3002 READ INPUT TAPE 29 752,(PHI(JAMI)JAM=1,KIJTOT) 01280

GO TO 2008 01290
3003 READ INPUT TAPE 29 70,( EK(JAM),JAM=1,KIJTOT) 01300

GO TO 2009 01310
C INTIAL PHI-BY POINTS OF CHANGE 01320

8 READ INPUT TAPE2,6U,((KEY(JJJ).PLOP(JJJ)),JJJ=1,KKK) 01330
C POINT OF CHANGE ROUTINE 01340

20 KEY(KKK+1)=0 01350
IF(KKK-501)4100,5000,5000 01360

4100 IF(IT-501) 4111,5000,5000 01370
4111 IF(JT-21)3888,5000,5000 01380
5000 WRITE OUTPUT TAPE 3, 5001, JB. JT,IB,IT. KKK,PLOP(1) 01390

LSW=9 01400
GO TO 2u80 01410

3888 DO 9 J=JB,JT 01420
DO 91=IB,IT 01430
JJJ=1 01440
DO 9 K=1iMAXK 01450
IF(K-KEY(JJJ+1)) 10,11,10 01460

11 JJJ=JJJ41 01470
10 JAM=MAXI*MAXK*(J-1)+MAXK*(I-1)+K 01480

GO TO (12,2006,13,105),III 01490
12 PHI(JAM)=PLOP(JJJ) 150

GO TO 9 U1510
2006 EK(JAM)=PLOP(JJJ) 01520

GO TO 9 01530
13 MAT(JAM)=PLOPtJJJ) 01540

Go TO 9 01550
105 NO(JAM)=PLOP(JJJ) 01560

9 CONTINUE 01570
C GET ALL OF MATRICES 01580

22 IF(MAXI-IT) 14,14,15 01590
14 IF(MAXJ-JT) 2007,2007,15 01600
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C zsT-uP FOR NEXT MATRIX-PICK-U- rUH IMiTI'X 01 SIMc1i S
20o7 GO TO (Z_u9,2o,20I,201i),III
2u0b GO TO (2v12,2013),iJSAT
2012 I1I=3

NCUT=1
GO TO 2,,22

2013 III=2
IF(ILUT-1) 2k,20,2vez ,20tl

2021 IF(NCUT-2) 2u2920'0u,4U20
2009 111=4

GO TO 2022
2010 III=4

GO TO 2022
C SIZE OF UNCUT MATRIX
2020 MAXJ=NCMAXJ

MAXI=NCMAXI
MAXK=N CMAXK
GO TO 15

C SILL OF CUT MATRIX
2022 MAXJ=ICMAXJ

MAXI=ICMAXI
MAXK=I CMAXK
GO TO 15

C SET-UP TO CUT MATRIX IF NECESSARY
2011 IDUMP=1

IF (ICUT-1) 2u14,2u14,2.23

2023 MAXJ=NCMAXJ
MAXI=NCMAXI
MAXK=NCiviAXK

C oUbROUTINL CUT Th E LIVoVL$S RUOW ANO CuLUjvl\S FRUi A AkTi<IX
CALL CUTTER
IDUMP=IDUMP
GO TO (2014,2015),I)UIiP

C LRROR EXIT-O FAILURE IN CUTTER ROUTINE
2015 GO TO 2080

C DETERMINE IF 1,2,0R 30 MATRIX
2014 IF(MAXJ-1) 40u,40u,2v30
400 IF(MAXK-1) 2u31,2o31.4o1

2031 NSIZE=1
Go TO 4-2

401 NSIZE=2
60 TO 4v2

2u3u N6IL=3
C zU6iROUTINE TLJTS FOr< ILLOGICAL CALC TYPE ChOICE

4v2 CALL TEST
IDUMP= I OUFP
GO TU(3o6,403),IvUViP

C ERROR EXIT-ILLOGICAL CALC TYPE ChOICL
403 LSW=6

GO TO 2 b

C PRINT INITIAL CONDITIONS
306 LSw=1

HW-72335 PT2

01b10
U162
olb4u
u1640

u1650
U160U
u16(o
01660
016U
01(00
01110
U1720
01130
S1140

01 lbu
U1760
017(0
u17U
ulu
u18Ju
01810
01820
01830
01840
01850
U1860

01870
01880

01900
01910
01920

01940
U195U

019o0
019(0
01980
u1990
020LU
02010
U20J0
2U3U

02040
02050
u2060
020(0
02Uiy
0209u
021.4
02110
02120

IKTUT=iiMAI *AXK
KIJTOT=iMXII;AXK*MAXJ

C. (, ,-d1N LIN 2 riAuL L IILNhI InU Tnc i- ir(A dcL'Iii

C CALCULTLs PrI A ACt1 POINT
ou C-LL N hDIN (2,b)

END

tzo

Uc:1.
L i4U
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SUokOUTINL TLST

zUoi<UUTi\L ThST aU .us
0i"COMMU UKirUK2,uI3,alK. fLl,6N4,CA3 CK:4 uuul.
LCiMiiv N PnI1 CKfiv. uus 'U

QUpiiUi' I Sr, L I 1J , i/-A 1 I, /AAr\ "ir-kA3a I N I1 i \ I .J I i sL.mu s .a h L i , .;

9 29N li 29 * f44 IV 9IV, U IVJ LCE,1 A ,L fI.Vh I'LfMlCiiA i 11!1 A i f'l ( fl , ' w ll, uluut

2NDUM 2 9 NDUi*,3 s NDU,"4 , Mui)41 9l i U2 , Muui3 i 1Ue;4 ' E Y u '
(.OMiMIou IL)UiP 9 .OTIT .UT. l i LI1MA J , .ILi" AI Lis+/ , ia , Ijl . , lrK . * , wo i

0A -E~l N/ 1i\t 9 fI01fl f;",1 6 NN IN A, I ilNI' NEN91 a" i I ianhi , Uuu /

2NCM'AXI ,NCIiAXK,NUrjv u i
L poI:;ON t t ,L A NUL C , a L C e saGL t UL e ,Y C ,h s LEi'IU fP11, iL , K1 C LUN I Lv , I V~u vo

1C0R4fCORSCODE9,PHI;"AX9DUi, DU1-,2,Dur":, p Ur49 , DU if;;v ia,D~Ue,3, fUulu

2DDUMI4,DDUM'i5 ANGLUPPLOP ljlu
COMMiON r tACT, F-KX, u NU1 , U , EuCmoi p vL.uch p N-aV 1cAi TLIMra * V I* f i

1AXTERMOTERIMCUNIT uLaU
LUU1VALLNCL (PLOPuJi),(KYFIuI) 0.L
EQUIVALENCE (iMT,EK) uU
0li~iNalUN Phl~ouvul9CN (6'Q NUaWrlru, l u u) uvivu

DIMLNSION UK l(15),UK2(la)fuK. (i;;),STLKs(la) 001/0

uli IN6101" Cal(15),0Ki(lul )fCr: (1 f l)f,0s (19,<) U0 luu

uIi INSIUN PLuP(i)Ul) 0& Y(>uZ l)uri(501),MoMu l U[) fCUL(ul ) ui~u

DO 6-uJ=1,MAXJ uO U
DO 6uoI=1,MAXI 'us U

uO 6ouK=MAXK uuka

JAM=MAXI*MAXK*(J-1)+iiAX (I-i)+K 00230
IMAG=NO( JAN) Uu24+
IF(IMAo) 50,50U,40 ouvd

4u GO TO (5U,6u,7o),Nial~uui
5U IF(IMAG-4)9,9,5eio t/o

6u IF (IMAG-1 u)89, 9,oV uu
7u IF(IMAG-26)b9,89,5u oU2u
89 IF (J-1) 9o.90.91
9u IF (K-l) lu u rl 31lu 9 I1

luU IF (I-1) 12,1o2,13 uu 0
1U2 GO TO (4u1,4Q2,4o3),NSIZt 00c v
401 GO TO (6,+0,5U,6UOuo ),lIAG 00 4+0

402 GO TO (6UU ,5o5L,5U,5u0,,uf,6UU,5Vu0Q ou),IAU uu u
403 GO TO (6Uu5Uf5u,5UUfSuu,500,3o0u'350Uu, u',5 5oUjouuo 05yU,0yr 00uus

1,5u,5 o ,5,,l0,5uuoyy5Vbo,';9vso3 o3.f303),Ii*,Ao u
103 IF (I-IMAXI) 104,1o',1u5 uo~u0
1o4 GO TO (4O4,4U5406),NOIZLD L
404 GO TO 6bo v40v
4v5 GO TO (oUe sboa S u vf0 U fou u ffJVubou, 00,000) ,I Uv41U
406 GO TO (6Vu 5,u,5uuovUy,5 5,500,boo '5uussoof'go,50,booouuo 004[V

1fbuUf6uvf5vufbuur;0vfbv u b vvbo vf0u6UfaU 5U 5 vu 9il),mau 004:3l

105 Go TO (407,4o8,4o9),N6 i.E oo44o
407 GO TO (60U,5UU,5Uub6),IAG uu450
408 GO TO (6uu 50UQ5.u95VUf5UG,5Uvf5uvf5uuf0Uu05u)IM G 004oo
409 GO TO (6o,5Uu uU, 5o0ofoo 5o*uuDU5,uvSouf Uu y,50o*'*0f5 U 00410

1 5IA50 y5UL5U0,5V-o50fVUo VUU,6UUo5v0U,500),1mne 040
101 IF (K-MAXK) 1u6,1o7,107 0u4'UA
106 IF (I-1) 108,1o8,1u9 o 5ou
1U8 GO TO (5ou,41u,411),N6I.Eu051 0
41o Go TO (6uvuvDovvf50ussuuDo ,6uruv6eu,200,50),1660 0U4u
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411 liu TO (ovulSousbu9,ul00 v,2- U rbvUfsa) v f~ >,veu su ~ u s a mUf,:.V,, Ju u5u2
1,5uu95uu,500,ufpv fsUfbsea U V9,bvvfau bu vfuu Usne ubus, Uu),Isa 0040

109 IF (I-fiAXI) l1,l11;11 -5 .
llu GO TO (5vu,4i2,413),N ICE uJbuy
412 GO TO 6bu UU /C

413 GO TO (6u,5 o 5, su uYUSCbuC,69,buv1,5uf6uuf5Uufvfi,0 0 uj
1,5uuf600l5uu,600,5vvf6uufsuvf6vvfous,6u9us b v,uvu)fI,aG 05y

111 GO TO (5uu,414,415),NILZL 6060
414 0 TO , 6uulUfu,0 u/bverouu),i ; lu
415 0 TU (6 JbuvJQUU vu0uv9 vm,2- ,2-o,30-20-,2-0,2-0,540,000U -064

1u7 IF (I-i) 112.112,113 04
112 GO TO (5uu,416,417),N5ILL u65U
416 6 U )(bvu u,: v 9, oo v~,suo auvfv f vfuvrL) vv u)91mu 0000

417 00 TO (6 (UCU 9 ,yy,00,.'f 0,5y9 ,5Uyb,'U0s, vfs v iifU as 06/0

113 IF (I-MAXI) 114,11,115 uu6Jv
114 GO TO (5vu,41b,419),NoILL 07uv
41 60 TO (6uvlS,5vw/5vvlbvvou f6euf vvrbyu),imay 00/1G
419 00 TO (bV0f500f50 lbvU/bvvf--,20-,50,sue"auvvee,2eu ~Sous aU Uu(Lz

115 Go TO (buv42,41),NILLc uiu
42 h o0 TO (6D Uf usoe sussousso Ussoussa u,200:099),13 0 Q Ur
4L 1 uu (uu usu IU b .uf7V UVf> V ,u fv L Y} ! Vv Y Jv v %VV / v-v V v , 0 vV J Vv 1J vU 6l."U

1, 0 , 0 ,5 0 05,5vo 9,7 V 9,)V 1JV f VV fbawf l.: ,vVl f v /;1 )JVJ, i " u t/
91 IF (J-MAXJ) 92,93993 v7 uu
92 IF (K-1) 2vu,2uu,2U1 0 2i

2vv IF (I-1) 202,2u2,2 u i.,
2U2 G0 TO (6UU 5C0J ,;Y uus a ',uu 5-u, 0,o , U fU ,5vUsYPUY o o eUiU

2,3 IF (I-KIAXI) [u4,20s,2LL UUcd.
2u4 GO TO (60u,5 u,5 u,5u 0 abuf U9 v u s ueGao :ouV, u. uou4u

1,5Uu,6 VeUeou s U9,,VUfbufUVouV s,V b 0UU sou 'vo :d om,sue),lir \i UVO~U

2o5 00 T U (oYw.doSovu'b svsUfvvbjso s V f vvuuouvovs JV0 s iQuY
1,lb o sa~s u s beuu V ~ , ,vv9 u , V I V b JV f d~ov f V 7 JV ) !Ii/1\:IUVO /G

2u1 IF (K-iiMaXK) 400,2v7,4V7 000
2u6 IF (I-i) 20,2v6,2uy aucyu
2uo G0 TO (6 y,5vub90,500,269,2--,2'-,vvlGoUfI UU sOUV9JV0Jf ouvf ou U ou

1,5u fb,u Vbus fpowso uoulJ Ju o UV /bUw'suussessousbs ) 11InV Uuylt
209 IF (I-MAXI) 21u,211, i11 002u
210 60 TO 6v0 -093
211 GO 0 (6eu, fuSvvyU Jssvfs./\.d a , uvvuf uvvIU, u Uu9sv

207 IF (I-1) 212,212,213 uu
21 U TU (GU~ vaYv uyV fbV f7Vso U~fus fee sso U fi 9U fVV9 1) Vbeau yy 'y

213 IF (I-MAXI) 214,21-,215 uy
214 Uu 1U T (bUV,2- ,- -,,vvf .u9,5-,-,20-,ss~u fdUfsudiavev s,vV :) u,00vfus u 1vv

215 00 1 u (6uu 95VV 9D 't; l-vVlJvV jJV j b " V lJVV 7 )VV 7 v , V 0,VV9V VV sso u V ru

93 IF (K-i) 3vu,3-u,3 1 -1

3Uu IF (I-1) 3u2 vj u3 1u
3U2 60 TO (6 Uu f5 Vvf7' fJVVfbv >VVfV , v V 1 J V L'f JVV f v L f i v ,v 0U

3 053 F U ,bu 4 , u,3fu 9U, uv su ,Dousso Usa Uss JVsu),i U ulu/o
303 I F (I -i' XI) 3u4, 3v) f3u5 u ev



-58- HW-72335 PT2

304 GO To (60U,50 ,5u ,5 ,9DOuoyue 00uu, vu,5uuf ue sou,5uu,5uu9ou0W uo l102

1+5uv95uu,6vu,5u0 ,200,5v9,0 0 ,0, urU su,6vu0 5vv0 Suy),1-1 i-0 110

3u5 60 TO (6bo, .v , 9o0U,'uu9 Uoo0 ou ou , 7oo v oo, ugyo :;v Sy yu >UJ0 Ulilu
195uu9Ubuu5Uu,5UU,5lifUu0 uu .b uu yU UJ,0,)0 ,2uo vu )flliv 0 11-Ulu

301 IF (K-MAXK) 306,3u7,307 o1130
3u6 IF (I-1) 3U8,3o8,309 ull4U
308 GO TO (6uu,5u ,5Ufuou,5Voazuu ouo,5o ,5uusufus0 Ur0obu ou bu 0uLL

1,50u,5uu,5ou,U,5U'50U,6Uu,5uv,60o,5uo,5UuUU,5o0) ,IiAO116
309 IF (I-MAXI) 31o,311,31. ill/U
310 GO TO (6bU,5UU,5uu50U,50,5y0,5Uu,6UU, uo,5uO, 5ybu ,L0U0,5uouo 011 0

196uu,5vv,61+V95uu0 vU )u,b u 0~U9UJbuy6iu,0 0,6Ue u fi)Vo:y),IIMAI; Olivu

311 GO TO (6uu,500,5uuSou 0u,500u ,5obfU,Zoo,5C0,5oo 5o0,500,uo0,0U0 u1200
1,6uu,5 oo,5vu,5uuyosou,uyo,5Uu,5.,6o00,oQu fi0) ,I A 01

3o7 IF (I-'1) 312,312,313 012u
312 G0 TO (60u,50-, vuDUJ97V2-0V0,5uv,20U,00,)VU0,5 U,5u0,0o u i4O

1,500,5uu950uiaUU,5uu95U0,bU~f UgUU,JU00),J50,UU0,ImaG 0 114U

313 IF (I-MAXI) 314,315,315 0125J
314 GO TO (6U0,500,50oU,0,7oo,5 I 0 V10 ,JotuooJv0,S 'noo,2 u ooU GoIu b0o

*5uu95vu97u0 !;1 u ,6C 0,07 0,5 0,209b, Dvv e 7vbe,5-000 ),Imau U I/U

315 GO TO (6boo5u,5uu,5ou,5oo,5oU,5ouU,5 0,?00,500,300,500,50,5v00,50 01260
1,5oO,5o,5u0,5uu5uobU,5 ,f,oou,5Uooo,So,5ou0),IjAOG 01Ly

600 CONTINUE 0l3vu
GO TO 700 o131u

500 IDUMP=2 lj0
LSW=6 01330

700 RETURN ul34u
END 01350

SUbROUTINE CUTTER

SUBROUTINE CUTTER0000
6UOUUT IN CUTI - ci~iuVE k0R0 S ,wu LuAQ S ro ns. , iAl IlA 00010
COMMON PHI ,EKrNO Uou
COMMON UKlUK2,UK3,.TL3,CK1,CKc, K3,CK4 UUau
COMMON KK 9U1 1 9 ii JJlPXI iAXrLMXJ01Tl fi0V1eue ,aun s a AS ,wld , ooyou

1N 1,N2, N3 *49N.' 9NA VUP, L te a i , Laa:,iirNne , . en JrII , ii , Kr u , sumi i uu0D

2NDUM2,NDUM3,NUM4, NUi1,10UM2, Uiii3,iDU4,i.KEY oUUou
COMMON IUMPlICUT1 OUT ,IOMAXJ,ICIIMXI,ICrIAXNPN9, 11i91IT Y r t9i u0OOu I U I U

1JAMiMHl, mHi MV191MVr., MUl sa 2 eaiZ , ' J e ,1,i 1v a\ii urr ,ivCNiA4i0 00 0-

2NCMAXI,NCMAXK,NU'i0u09
COMMON oEECA N0L0,L.'\ALLJ0LLAYL~h 0LENGP1,CON ,Cuvz , uul,'

1 COR4 9CUR 5,9CUOQE 9PriI AX 9 Ui, Ui,, 0~BLUM ,iU4 9 UUril , i'u r4 uM3.), 0 1 J.
2DDUM4,DDUM5,ANGLLPLOP u012o

CUivMON F-RACT , FK ,X. ~iu Oi i l NUj,2 , uto uioi3 9ULJL.0INiu,-V TLRi, ri TL.[5i e V I , 0UU l
1AXTERM,OTERMCUNITl1Li4J

EQUIVALtNCt (PLOPLUii),(KYMluoI) uul
EQUIVALENCE (MAT,EK) u01uou
UIMENSION PHI(buu),cK(uuU),RU(oyou),IAT(ooU )00
UIMLNSION UK1(15),uK2(15),UK3(1l).STcK3(l) Ooiuo
DIMLNSliON CK1(15),CKZ(l1 ,2),CKc3(15,41),LK4(15,4) uiyu
UIMLNSIUN PLOP (5ul),KY(502),OU N(51),MuU(5o2),C0U(o) 0020u
ICOUNT=u ou ou
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1 ICOUNT=ICOUNT+1
GO TO (2,3,4,16,17,18,7),ICOUNT

C TtST IF PRUPQSE MMTkIX CuT INCLUULS buluARLtS
2 NDUM1=MAXK
NDUM2=KK
GO TO 5

3 NDUM1=MAXI
NDUM2= II
GO TO 5

4 NDUMI=MAXJ
NDUM2=JJ
GO TO 5

16 NDUM1=KK
NDUM2=1
GO TO 5

17 NDUMI=II
NDUM2=1
GO TO 5

18 NDUMI=JJ
NDUM2=1

5 LIFF=(FL0ATF(IN UM1)-FLOMTF(N)UP2))/FLOATF(ICUT)
IDIFF=XFIXF( IFFF)
XDIFF=FL0ATF(IvIFF)
IF(XDIFF-DIFF) 6,1,6

C LRRUR LXIT-CUTTck KUTINt-PROPUStG CUT GuLs NOT NCLUL c>GUNUARY
C LSW=7

6 LsW=1
IDUMP=2
GO TO 15

C MATRIX ROWS ANU COLUivS CUT OUT
7 DO 8 M=1,NCUT

JAM=O
DO 8 J=1,MAXJICUT
)O 8 1=1,MAXI,ICUT
KLEFT=MAXI*MAXK*(J-1)+MijXK*(I-1)+1
KRIGHT=KLFT+vAXK-1
DO 8 K=KLLFTKkI(.HT,ICUT
JAM=JAM+1
GO TO (9,1C),M

9 PHI(JAM)=PHI(K)
GO TO 8

l uK(JAM)=EK( )
8 CONTINUE

C CALCULATE CUT DIMENSIONS
MAXK=MAXK/ ICUT+1
MAXI=MAXI/ICUT+1
MAXJ=MAXJ/ICUT+1
JJ=JJ/ICUT+1
II=II/ICUT+1
KK=KK/ICUT+1

C CHLCK CALC CUT UIMNSION AGAIw T INPUT CuT U1)li.SIo r
IF(MAXK-ICMAXK) 11,12,11

12 IF(MAXI-ICMAXI) 11913911
13 IF(MAXJ-ICMAXJ) 11+14,11
14 DELZ=DELZ*FLOATF(ICUT)

GO TO 15

C LrE xk t X1 1 T-LUT T d rcu T I I - UCYL'I GUL Cu Lii L . 1UwV L V'

C WITH INPUT LUT CIH.LION -LSw=O
11 LSW=B

IDUP=2
15 RETURN

END

00220
UU 30

uU2bu
U26u

u0280

009UU

00310

00330
& 03 4U
U0330

0030
uu3bu

:U37u
0380
U039u

uU410

U04JU

00440
uu45U

UU4 UU

004/0

6 490

0010

UU5 u
0u530

o054o
UUUU

U U 00

0

006(0
.7 (J

VbCi

oTJ U

u0/ou

,Ub~

vvbU

0010

VU (,-U

vv7 /l
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CHAIN LINK 2

C CHAIN LINK 2 HANDLES ITERATION THRU THE MATRIX AND CALCULATES 00000
C PHI AT EACH POINT "00010

COMMON PHI,EK,NO 00020
COMMON UKi UK2,UK3,STEK3,CK1lCK2*CK3,CK4 00030
COMMON KKO1I,JJ,MAXIMAXK,MAXJ,IKTOT,KIJTUTNBUG,NPUN.NCASE,NSAT. 00040
1N1,N2,N3,N4,N5,NAVG,N IZE,NAXI,LSW,NGRAPL,HI JHI IHIKHI.NDUM1. 00050
2NDUM2,NDUfvI3,NDUM4, I)DUivil,MDUM2,MDUM3,iMDUM4 ,KEY 00060
COMMON IDUMPICUT,NCUT,ICMAXJ,ICMAXIICMAXK,MANINITNTYPEICOUNT, 00070
1JAMMH1,tviH2,MV1,MV2,MQOlM02,NSKIPJ,K, I,NINEK*NINPHINCMAXJ* 00080
2NCMAXI,NCMAXK,NUM 00090
COMMON bEEiCANGLE,UELZ,SANGLE,DLE,AYE,H.ELENGP1,CORlCOR2,COR3. 00100

1COR4,COR5,CODE,PHIMviAXDUM1,DUvi2,DUM3,DUM4,UDUM1,DDUM2,DDUM3, 00110
2DDUM4,DDUM5.ANGLEePLOP 00120

COMMON FRACT,FK,XUENOM1,DENOM2,DENON3,DENCONAVTERMHTERM.VTERM. 00130
1AXTERM,OTERMCUNIT 00140
EQUIVALENCE (PLOP,DUM).(KEY.MUM) 00150
EQUIVALENCE (MAT,EK) 00160
DIMENSION PHI(8U00),EK(80U0),NO(8000),MAT(8UOU) 00170
DIMENSION UK1(15),UK2(15),UK3(15),STEK3(15) 00180
DIMENSION CK1(15),CK2(15,2),CK3(15,41),CK4(15,2) 00190
DIMENSION PLOP(5U1).KEY(5u2),DUM(501),MUM(5O2).CODE(10) 00200

209 FORMAT (11) 00210
4U1 FORMAT (3HUL=I3,3H Y=I3,3H Z=I3,3H X=I3,23H TERMS OF THE EQUATION 00220

11P5E12.4/13H DENOMINATORS1P3E12.4.9H CONSTANT1PE12.4/7I5) 00230
1000 FORMAT (10A6) 00240
1001 FORMAT (1415) 00250
1003 FORMAT (F5.0,315) 00260
2090 FORMAT (215) 00270
2091 FORMAT (8F9.7) 00280
2094 FORMAT (7E10.4) 00290

C SUBROUTINE OUT HANDLES ALL PRINTOUT-WELL NEARLY 00300
IF(LSW-6)1004,2,2 00305

i0u4 CALL OUT 00310
C INITIALIZE 00320

LSW=2 00330
NDY=O 00340
L=1 00350
HI=O ,00360

C CALCULATE INITIAL K ON NSAT=1 00370
GO TO (2016,20171),NSAT 00380

C ADDRS SUBROUTINE MERGES MATERIAL AND TYPE OF CALC MATRIX INTO 00390
C ONE SET OF MEMORY LOCATIONS 00400
2616 CALL ADDRS (MAT ,NO) 00410

bO 17 J=1,MAXJ 00420
DO 17 I=1MAXI 00430

63 b0 17 K=1,MAXK 00440
JAM=IKTOT*(J-1)+MAXK*(I-1)+K 00450

C SUBROUTINE GMAN PICKS UP MATERIAL MATRIX FROM MERGED MATRIX 00460
CALL GMAN (MAN,NO,JAM) 00470

760 FRACT=(PHI(JAM)-BEE*CANGLE*DELZ*FLOATF(I-1)+DEE*SANGLE*DELZ* 00480
1FLOATF(K-1)-(AYE*H /ELENG))*ELENG 00490

C SUBROUTINE KAY COMPUTES K A FUNCTION OF FRACT-(PHI) 00500
CALL KAY 00510
EK(JAM)=FK 00520
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17 CONTINUE
2017 CORR=COR1

NSKIP=1
HTERM=0.
VTERM=O.
CTERM=0.
AX TERM=.
DUM3=0.

C ROUTINE TO SELECT TYPE OF STEPPING
IF (KK-1) 2030,203u,2031

203. IF (II-1) 2u3,2032,4.33
2032 NTYPE=2

GO TO 31
2633 IF(II-iMAXI) 2034,2u35,2O35
2 34 NTYPE=3

GO TO 31
2035 NTYPE=4

GO TO 31
2.31 IF(KK-MvAXK) 2036,2037,20i7
2'36 IF (II-1) 23892u3oU39
2038 NTYPE=9

GO TO 31
2 39 IF(II-MAXI) 2j4u,2041,2041
2u40 NTYPE=1

GO TO 31
2041 NTYPE=5

GO TO 31
2037 IF (II-1) 2.404.24 ,cU43
2042 NTYPE=8

GO TO 31
2043 IF(IlI-MAXI) 2o44,2u45,2u45
2044 NTYPE=7

GO TO 31
2045 NTYPE=6

C ITERATION THRU vATRIX FROM THIS POINT
31 PSDIFE=SIFt

SDI FE=O.
b0 15JPLANE=1,MAXJ

C ROUTINE TO NICK-UP PKuPti I#K NAITKiX
IF- JPLANE-1) 1913

1 J=JJ
GO TO 4

3 IF (JJ-J) 6,5.5
5 J=J-1

IF (J-1) 74,4
7 J=JJ+1

GO TO 4
6 J=J+1
4 INIT=1

ICOUNT=1
MDUM1=IKTOT*(J-1)
DO 151P=1,MAXI
DO 15KP=1.MAXK

C SUOROUTINc STEP SLTS-UP STcPPING THkU MATRIX ANO INDICES OF
C SURROUNDING POINTS

CALL STEP

0053v
u054u
UU0550
00560
UU5/u
u0580
0059o
U0 Uu

00610
O06G0
00630
0064u
00650
o0660
00670
006b0
0069U

007L0
0073u
o074u
UU75u

0076U
UU7 7u
00780
u0790
00800
00810
00Ubd.
0083u
00840
00850
00860
o0870
0U8 0
u089U
00900
Q0 10
00920
00930
0094u
00950
U0960
00970
00980
00990
o10u0
01010
01020
01030
01040
U105u
01060
01(0
01080
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I=(JAM-MDUM1 )/MAXK+1 10.7
K=JAM-MvIDUMvi1 -NiAXK*( I-1) 1
IF(K) 6uuu,6Uuv,6Uul U111u

6000 K=MAXK 0112)
I=I-1 01130

6001 INIT=INIT v114
ICOUNT= ICOUNT 1:)0

JAM=JAM 0116
NSKIP=NSKIP 1.1~

C NSKIP CONTROLS SKIPPING OF A PINT oN TYPE OF CALC=1 Ullou
GO TO(44,15),NSKIP 0ll-,

44 EFOkt=Pr-I(JAN) u4U
IF(NDUM3)2U21,314,2b21 U1c1

C SUoROUTIN. FHI CUMPUTt T iRHo UF Pil UoAT iN ui4zu
314 CALL FHI u1 3u

PHI(JAivi)=AVTERM+HIt.RA+VTLRN+OTLi+AXTERi 014U
C OVLR-RLLAXATIUN riu<Lc.CTION u1 ou

PHI (JA) =vtFUR.+N(PrnI ( iA) -oUF.I) *CurR UlaU
u0 TO (2Y21,2u 2),iSAT 4/olu

C CALCULATE K IF NSAT=1 U12ou
C SUuROUTINL OMiAN PICK UP mATE AL iATr(IA Fsu cLKtuO 'AJc IX 14

2021 CALL GMAN (MAN,NO, JAM) I.;)
FRACT= (PHI (JAM)-ot *CiANuLt*OtLFLOATF (1-1)+LMLSNGLuL L*FLATF uI L
1(K-1)-(AYE*H/ELENG) )*tLLNG u13u

C SUbROUTINE KAY COMPUTES K A FUNCTION OF Fv&CT-(PH1) 012.0
CALL KAY 0134,
EK(JAM)=FK 0150

2022 GO TO (83,83,84),NBUG 01360
C TERMWISL DEUG PRINTOUT 013 /U

b4 wKITE OUTPUT TAPE 3,401,L,J,I,KAVT Er,nTc~eVfi.iuT0IaAXiAXl.Urm, 010O
1UENUM1, 0EANO 2 ,Ue.NUil3 ,Ue.CUV, JAim anirl emH2 ,rVi.,i'V 2, M1 aU2 4. U

C FIND HIGHEST U1FFLti'NCL POINT I 1TtkATION ii4u
b3 DIFt=A6SFi((PHI (JAM) -utFURlt)/CuRi%) 01410

SDIFE=SUIFE+UIFE 14U
IF(HI-DIFE) 66,504-c04 ul43u

46 HI=DIFE X1440
IHI=I C1450
KHI=K u146U
JHI=J 01470

C TEST PHI AGAINST INPUT VALUE u14'U
504 IF(ABSF(PHI(JAM))-AUSF(PHIMAX)) 15,301,301ui149U

C ERROR EXIT-CALCULATLO PHI 616i-< THAN INPUT fvkx VALU-Lev=9 015.
301 LSW=9 01510

GO TO 2 &1520
15 CONTINUE U153U

DUM3=SDIFE/FLUAlF(KIJTOT) 0154U
C DEBUG PRINTOUT 01550
C SUBROUTINE OUT HANDLES ALL PRINTOUT-WELL 'EARiLY O156U

71 CALL OUT 157
C INTERROGATE 55 TU.:EE IF TIME LIMIT LXCaUU 01 iO

7u IF (SENoE SWITCH 1) 202,250 u1iyu
C NEED TO ITERATE AGAIN u16 0

250 IF(HI-P1) 19,19,20 ul61u
C NO MORE ITERATION U162O

19 LSW=3 01630
C PUNCH PHI AND K MATRIX IF DESIREL (1640
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GO TO (2,2.093)oiNPUN Qi6 u

2093 PUNCH 2u9v,NCASE,KIJTUT 016u
PUNCH 2v91,(PHI(JAv),JAM"1=1,KIJTOT) 01610
GO TO (2"9292),NSAT 016o0

2092 PUNCH 2u94, (EK(JAM),J Jv=1,KIJTOT) O16 U
C ENO OF CASE PRINTOUT-LSW=3 017u0
C SUBROUTINE OUT HANDLES ALL PRINTOUT-WELL NEARLY 01710

2 CALL OUT 01720
5000 CALL EXIT u!730

C ITERATE AGAIN V174U
C RE-INITIALIZE 0177v

20 HI=0. Q17ou
DUM3=O. X177(
L=L+1 1780

4000 LSW=2 Ul to
C SET UP UVEk-IELAXMTIN CURkRLCTION Olou

IF ( L-N1 ) 26 26,22 U161u
22 CALL CLAX (iSAT,SDUI,,C.:>iF,CuNL),NDY) Olo
34 COR1=CORR 01830
35 N1=N1+N2 U1840

GOTO 31 Ulobu
28 IF(L-N3)31,31,3u o1660

C GO TU SAVL KOUTI -I T ckMTIQN LIHI T xCLcaU O o I
30 LSW=4 100

GO TO 602 L169o
C GU TO Si-Vc OUT INi-TI'iE UN OuT ulv e

2u2 LSW=5 01910
C PRINT oLFORE SAVE 01 Lu

6V2 CALL OUT 19iu
C SAVE ROUTINE 014u

600 CALL SAVE (0) L19 U
C START-UP AFTER SAVE 1 6 u

REAU INPUT TAPt 2, 2u9,NCriG Ui I u
IF (NCHG) 5u,5o,21N ul9ou

210 REAL INPUT TAPE 2,1Nuu,COud u1yyO
REAL) INPUT TAPE 2, l Ul,NAVG, NPUV , 0OU6,N kAP ,ri Ui.l,NUUiv2 ,N U4 usu
REA) INPUT TAPE 2,2v94,PrliMA, Pl,uivil,DUM4 040
REAL) INPUT TAPE 2. 1u03,COR1,N1,N2 ~N3 u2v5

50 WRITE OUTPUT TAPE 3,41Uu,NCAS U2040
4100 FORkAT (9H1CAS NO.I7,2bh Nc>TAiTEU MFTk ci ING SMVEu) usu

IF (LSW-4) 4eou,4ou,25u 020
END U2J73
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SUBROUTINE FHI

SUBROUTINE FHI UOOuo
C SUBROUTINE FHI COMPUTES TERMS OF PHI EQUATION 00010
C THIS VERSION OF FHI WILL HANDLE ONLY EQUAL GRID SPACING 00020

COMMON PHI,EK,NO 00030
COMMON UKlUK2,UK3,STEK3,CK1,CK2,CK3,CK4 00040
COMMON KK,IIJJ,MAXI,MAXK,MAXJ,IKTOT,KIJTOT,NbUG,NPUN,NCASE,NSAT, 00050

1N1+N2,N3,N4,N5,NAVG,N6IZENAXILSW,NGRAPL,HI,JHI,IHI,KHI,N0UM1, 00060
2NDUM2,NDUM3,NDUM4,MDUM1,MDUM2,MUUM3,MDUM4,KEY 00070

COIViMON IDUMP, ICUT,NCUT,ICIAXJ,ICMAXI,ICiAXK,MAN,INITNTYPE,ICOUNT, 00080
1JAM,MH1,MH2,MV1,,MV2,MO1,M02,NSKIP,J,K,I,NINEKNINPHI,NCviAXJ, 00090
2NCMAXI,NCMAXK,NUM 00100

COMMON EE.CANGLL,UELZ,BANGLE,LEt,AYEHELENGP1,COR1,COR2,COR39 00110
1CUR4,COR5,CODE,PHIMAX,DUM1,DUM2,DUM3,DUM4,DDUA1,DDUM2,DDUM3, 00120
2DDUM4,DDUM5,ANGLEPLOP 00130

COMMON FRACT,FK,X, DENUM1,DENOi2,DENOM3 ,DENCONAVTERM,HTERMVTLeRMi, 00140
1AXTERM9OTERM,CUNIT 00150
EQUIVALENCE (PLOP,DUM),(KEYMUM) 00160
EQUIVALENCE (MAT,EK) 00170
DIMENSION PHI(8UU),EK(8U0U),NO(8000),MAT(8000) 00180
DIMENSION UK1(15),UK2(15),UK3(15),STEK3(15) 00190
DIMENSION CK1(15),CK2(15,2),CK3(15,41),CK4(15,2) 00200
DIMENSION PLOP(5U1),KEY(502),DUM(501),MUM(502),COLE(10) 00210
GO TO (1,2),NAVG 00220

1 DENOM1=EKIJAM) 00230
bENOM2=tKIJAM) 00240
DENOM3=EKIJAM) 00250
GO TO 3 00260

C AVG K IN DENOMINATOR 00270
2 DENOM1=IEK(MV2)+EK(MV1))/2. 00280

DENOM3= (EK(M02)+EK(MO1))/2. 00290
DENOM2= (EKfMH1)+EK(MH2))/2. 00300

3 Gb TO (4,5,6),NSIZE 00310
C 1-D 00320

4 AV TERM=(PHI(MV1)+PHI(MV2))/2. 00330
DENCON=8. 00340
60 TO 7 00350

C 2b 00360
5 AV TERM=(PHI(MH1)+PHI(MH2)+PHI(MV1)+PHI(MV2))/4. 00370

bENCON=16. 00380
GO TO (8,9),NAXI 00390

C AXISYMMETRICAL 00400
9 AX TERM=(PHI(MH2)-PHI(MH1))/(8.*(FLOATF(K)+DUM2-1.)) 00410
GO TO 8 00420

C 3-D 00430
6 A TERM=(PHI(MH1)+PHI(MH2)+PHI(MV1)+PHI(MV2)+PHI(MO1)+PHI(M02))/6. 00440
DENCON=24d 00450
OTERM=((EK(MO2)-EK(MU1))*(PHI(MO2)-PHI(MO1)))/(DENCON*DENvi3) 00460

8 HTERM=((EK(MH2)-EK(MHl))*(PHI(MH2)-PHI(MHh)))/(DENCoN*DENoM2) 00470
7 VTERM=((EK(MV2)-EK(vIV1))*(PHI(MV2)-PHI(MV1)))/(DENCON*DENO1) 00480

RETURN 00490
LND 00500
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SUbROUTINE KAY

SUbROUTINE KAY 000 0
C SUbROUTINL KAY C OMPUTtS K A FUN('-CTION OF Fr<MCT- (nI) l.1.

COMMON PHI .EK,NO v0u02
COMMON UKlUK2,UK3,STEKCK1,CKfCK3,CK4 0
COMvlviN K ,I11,iiJ,MAtX1 IVAXK9 hIAJaI K I UT ,K1JTv l l' 9iiPol N JG ficiasA I e u 4v

lN1 sN2,N3 ,N4, N 9 iAVu, a JllvNAX I ,Law shukAP ,L H I , Jnl , Inl , Knl ,Nuul"il f Uu;.)

2NDUM2,NDUM39NDUM49MDUM1.MDUM2,MDUM39MDUM49KEY 0060
COMMON I0UlMP ICU T ,ICUT , IvAXu, ICIAxi ,ICivAXNA , Ii T edjT YPE i uri-T , uU 7

1JAM oMHl e irl2,M-/Vi eMV2, MulMO2MU ,NS K1P J, K , I, Ivl EK,ivNiNPH1 ,NCivAXj9 0 U000;

2NCMAXI ,NCMAXKNUM 000 0
COMMON UCCANGLEvaLLSAuGLcuEAYtNecLcNGPlCOR1,COR2,C~n3, 00100

1COR4,COR 5,CUDEPHI iAX,DUM1eDUM2, UU3.,DUlI4,DDUil,UN2 , DD0U3, 0110
2DDUM4,DDUM5,ANGLEPLOP 00120
COiviMON FR A CTFKyX( ucN.Oj1,0cNO2,0EN N3,utn. jUNt VTcmv HTc VTcame 0130

1AXTERMOTERM.CUNIT 00140
EQUIVALENCE (PLOPL)UUMi) , ( KEY,MuM) uU 1o
EQUIVALENCE (MAT,EK) 001b0
DIMVENSliv N P I (uvu) , a s vv) ,i- (bUuu) ,MA T (isyue) 001 /
DIivENSIUN UK1 15) ,lI2 (la) ,UK3 (l!?) ,5TcK3(lt)) uio
DIMENSION CKl(15),CK2(lu,2),CK3(1b-,41),CK4(15,2) Uvi90

DIMENSION PLOP ( 501) ,KEY( 502) ,DU ( 5U1) ,Miv(5u2) ,CQDE (1u) 00200
1 IF(UK1(MAN)-FRACT) 21,22,22 QUiu

21 FK=CK1(MAN) Qu2u
GO TO 2v UU230

22 IF(UK2(riAN)-FRACT) 23,24,24 004v
23 FK=CK2 (IviANl) *FRAC T+CK2(MAN,2) 0022

GO TO 2v u02 0
24 IF(UK3(iviAN)-FRACT) 25,26f,26 i I0i

25 M=((FRACT-UK2(MAN))/STEK3(MAiN))+1. Uv20U
FK=CK3 (MAN,M)+(CK3 (MAN,M+1)-CK3 (M/AN, i) )*( (rr<AC T- 02y
1(ST K3 (MAN)*FLUATF (A-1)+UK2 ( AjN)) ) / T EK3 (MhN)) t,3.o

GO TO 2u 00310
26 FK=CK4(vMAiN,1) /(Fr<ACT**CK4(MAN, 2)) 003Lu
2U RETURN U u

END vv.4v
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SUBROUTINE RELAX

SUcI-,UT INL m LL AxA (,.-) T , s rt e ou e e,I.Onn, 'uY )

22 WtM=SDIFL/PS4uFL
F LAMSU=i( vl+CURi -1.") **4/ ( ui-.i:Oi'k *2)

IF(1.-FLAiviSQ )2b,25,27
26 FLAMSQ=-FLAIMvSQ

NDY=NDY+1
25 CORR=2./(1.+6QRTF(1.-FLAMiQ))

IF (NSAT-1) 29 t29,34
29 IF(1-NDY)27,23,23
23 IF(FLAMsQ)27,27,32
27 CORR=u.65+CURR* .17 5

GO TO 34
32 COkR=1.+(COr<K-1.)*.,)
34 RETURN

END

SUBROUTINE ADQRS

COUNT
ENTRY

ADDS SXA
CLA
ADD
STA
CLA
ADD
STA

START AXT
CLA
ARS
STA
TIX
AXT
ERA

WONE OCT
END

20
ADORS
START+ ,4
1,4
WONE
START+1
2,4
WONE
STA T +3
8UUu ,4
** 4
18
** 4

START+1,4,]
**,4

3,4
1

-66-

UUQ'-h

uuo4u

QL~ Ld IL)

UUU v

VVgoU

uullu

u 13u
UU14U

Vuve
Luuu

QUUOU

1uU4oU
000~

001uO

00110uU0UA

0U1.Au00110u0 0

014u
00150

uu170
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SUBROUTINE GMAN

COUNT 2u uu uu
ENTRY GMANT,.uu

GNAN SXA MLOU+1,4 uuu0 u
CLA 1#4 uuu
STA LOLD UU4)
CLA 2,4 uuusu
ADD WONE 0u06u
STA LOAD 00070
CLA 3,4 UUoU
STA *+1 000 0

LXD **P4 U010

LOAD CLA **,4 uU11U
ALS 19 UU1Lu
ARS 1 00130
TOV *+1 0014U

MLOD STO ** Ou1lu
AXT **,4 Uu16u
TRA 4,4 0 1(U

WONE OCT 1 uulou
END 001u

SUBROUTINE GNU

COUNT 20 uuuu
ENTRY GNO UVUl

GNO SXA MLOL+1,4 Uouu
CLA 1,4 U003U
STA ML1 UUU40
CLA 2,4 uuu5u
ADD WONE uuu6O
STA LOAD uuu7v
CLA 3,4 00060
STA *+1 00Oou
LXD **t4 UUluU

LOAD CLA **o4 00110
ARS 18 00120
ALS 18 00130

MLOD STO ** Uo140
AXT **,4 00150
TRA 4,4 uu16u

WONE OCT 1 0017U
END O018
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sUdROUT1NE OUT

SUOROUTINL OUT 0uuu
SU oROU iii- OUT nANULE MLL PiIgYUT-LL IArcLY uuu
COMiviON PHI ,LK,NO UUUu
CuMON K,1IJJPiMAix1,iMaXK9,MAA/J, INIYsKIJfl ou, NLhsamaal , f UL"

COMiMON UrUK2 UK3fSItICK CKlfCICA3fCKS UUu4u
11,Nf~2,Nf3)N49N vNAViUNol t isaX i Lovfl't, F'fPL ,H ti J ils d nl ehuusli UUU

2NDUM2,NDUM3,NDUM4,MiOUM1,MDUM2,IDU3,DUM4 AEY uuu
CUMviiON- IUUFP f ICUT fI\ .. U I (9,1 r'IXJ I (..LinTHA!) I .. I,-f iMAI\ I 1 1i v T YP. I t .uviI y UU I U

1J A1 IM l ,JSi H2 'M"VIMV4, su l v,: es i I sai N elN L d-r' i s m'A , yUIuou

2NCMAXI ,NCMAXK9NUM' i 'uus

LCwMiUN GLC,'.NuLtfuLL yfsr+IULt9IJcusYtuHi0LLivNle u ,LUr2cL/L lv3f Ulvuu

1CUR4,CUk5,COD'EN,PHmxfu~il uul'2,Dui'3 fumi4,uDUM,vif0UuM 2fipuv3fuUi U

2DDUMr4,DDUM5 fANGLEfPLOP u012U
C~r(Ofv N KA C ,FK ,X ,uclNurl , DENI) , ULtaui3 ,UcLLV M T CG1\I' H T tCI, v I t , 0 01.2

1AXTERM,OTtRM,CUNIT 0014U
EQUIVALENCE (PLOPL'UIV),(KLYiUr) UOLJu
EQUIVALENCE (MAT,EK) UUP1U
L)IA LNSIUN PHil ouvu),tK(tduuu),ay(ouu i),MA1 (bvUU) 0110
DIMNSIUN UK 1i5)fUK2(la),0K3(l'))9STEK3(lb ) 0U1LU

IMNSIUN CKL(15),CK2(1p,2),C 3(j,41) ,CK4(152) UQNU
uIf,,EoSIUN PLUP( u1),ALY(Du2) 9Ur'I(:)UI) fi'Um(20 ),6U 6 10)00400

DIMENSION KROw(14) 00210
101 FORMAT (19H1IIvITIAL CUNUITIUNS) OO22U
1,2 FORMAT (22H1ITtRATiON I CUMPLtTc) UU13u
103 FORMAT (17H1CAS Is COMPLETE) UUL40

104 FORvIAT (56HlNUMiii UF iT j(ATiUwI' riAb XC U Tnt LIvI IT-PKUGr<A UA L) L)
1VED) UU260

105 FORMAT (34H1TIME LIMIT LXCELDEu-PROuRAM SAVLU) 0020
106 FORMAT (b2H1LRROR LXIT-AN ILLUOICML HOiL OF F LLULMTION TYP HAS U02U

1 BEEN MADE-CHECK INPUT DATA) UU29U
1u7 FORMAT (59HtRROR< LXIT-PNUPOSLu MATRIX Cul o0 NUT INCLUDE oUUiUDA 0U30

1RIES) u031u
luo FORMAT (yuHliRROR LXIT-CALCULUTLD CUT MATRIX DI"ILIIUNS L0 UT AUR UO3LU

lEE WITH INPUT CUT MATRIX uIFrSIt\NS) o03o0
1v9 FORMAT (76H1LRROR XIT-H CLLLULATLU P1LUAITKIL HA* VALU nAS XL UU4U

NEEDED THE INPUT LIMIT) u0350
3u1 FORMAT (iHu, HCA$t No.ib,2XlUA6) 00360
322 FORMAT (17H PIEZOMETRIC HLAD) 003/0
66 FORMAT(2uH SOIL IDNTIFI(ATION) 003Gu

206 FORMAT (37H TYPE OF PIEZOMETR1C HEAD CALLULATION) OU39U
324 FORMAT (32H RELATIVE CAPILLARY CONDUCTIVITY) u04uu
325 FORMAT (3oH MOISTURE CONTENT uiSTMIBUTIUN) 00410

2000 FORMAT (3HOY=13) 00420
306 FORMAT (3HUL=I3) 00430
600 FORMAT (5H0 1418) 00440
3UU6 FORMAT (1HU.112,9111) 00450

14 FORMAT (1H+F14.5,13Fb.5/(Fls.D,13Fb.5)) 00460
68 FORMAT (1H+ili,27I4/(Ill,27I4)) o047U

3011 FORMAT (lH+,5X,1P1uti1.4/(6X,1P1uQ11.4)) 0040
4011 FORMAT (1H+,5X,1P1uE11.4) 0049u
4UUU FORMAT (iHU) U05u
4001 FORMAT (1H ) U051u
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1010 FORMAT (1H1) 0052u
115 FOiA i (47HU lIM H N~Orcum UF IT tKAT i UN, IN T h I ChAJ LLtALSIu)U

72 FhkiAT (LhuoTrCA T 1 0,1.,11h ni rrt ce=, Pcil.4,3r Y= , i , 3 . UU54o
1=,Ii,3H1 X=,I ,LLH AVci-Mbt U I crrLNCL=0cL.4,17H1 U-+'cLAX. LUrc.= UUSIU

2,E11.4) UU56U
GU TO (1,2,3,4,5,b,7,b,9),Lwv 007Y

C INITIAL CUNUITION PkINT oU UU[-Lan=1 u5oo
1 WRITE OUTPUT TAPE 3,101 00590

GO TO 15 906vu
C ITERATIuN PkIiiOUT-L..sW=2 00610
C NDU=1-NOTHING 0062u
C NUG=2-HI UIFFLRLNCt ANU POINT ANU AVUIFL 00630
C NbUG=3-A8OVL PLUS PhI AND K 00640

2 00 TO ( 1u,1y,3v4), NoU6 06:)
30 wRITE OUTPUT TAPE 3,1u2 uu6U0

GO TO 15 U 61U
C END OF CASE PRINTOUT-LSw=3 O60

3 WRITE OUTPUT TAPE 3,1u3 00690
GO TO 15 oU7uh

C SAVc-TOO iArY I TL AT luos-LSv=4 (uu'/
4 WRITE OUTPUT TAPE 3,1o4 0U7LU

GO TO 31 o073
C SAVE-EXCEDL0 TImE LIiiIT-LSW=S 00740

5 WRITE OUTPUT TAPE 3,105 00750
31060 TO (15,15,10u),NoUG oO7o0

C L.kKOk CXIT-ILLOGICAL TYPU OF AL C CriOICL-L vw=6 00770
6 WvITC OUTPUT TAPL 3,106 00760

GO TO 15 o079o
C cuICioi-L AI f-Cul eI' NoouIIIL-Pl Uroscu' Coi uC. auIT iLoor0uc oUUlUnAY Uoou
C LSW=7 U0810

7 WRITE OUTPUT TAPE 3,1u7 00620
GO TO 15 y0030
Lr itUK LxiT-CUTl UUTic-CAL.CULa.uD Cu ulicy' Urs to UOT 0 UUu4o

C wiTh INPUT CUT I EIsIONS-LSW o 0 U6 U
6 WRITL OUTPUT TAPL 3,106 000

GO TO 15 uub70
C Li0I<r xLAIT-CALLULAI L Pril ul iucR TnAR I IPui AMA VMLuc-L=9 oUU00

9 vkITL OuTPUT TAPE u- 1y9 00 0
L LASL. No. MNU CASs. LIT PsiiT4o ouT 0U:u

15 WRITE OUTPUT TAPE 3,301,ICASE,CuDL 00910
G0 TO (16,1 b,1l,191o ,10.10 ,1) ,LJW o09 U

C INPUT P kIiTOUT C0U30

16 CALL INPUT 00940
WRITE OuTPUT TAPL ,~ll 0 uu
IF (LSW-6) 19,19,1uU u960

16 00 TO (19,20),NGNrAP uu970
C NON GRkPHICML Pnl AiATaiX PRINTuuT 0UU0u

19 vi T .UuTPUi TAPL3 , 32 0o99
DO 2041 J=1, 1 AXJ ulU
WRITE OUTPUT TAPL 3,2 0o,J 1lolU
DO 41 I=1,NAXI Ulu
IREV=MAXI+1-I olv3u
rkITL UuTPUT TAPO. , J iv 0ULu u
DO 211 K=1,MiAXK "1o
JAi=IKT0T*(J-)+AX9(IItV-1)+K uluu-

211 DUM(K)= PHI(JAM) iu (/..
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41 vkITL OUTPUT TAPt 3, 14,(oUi(K),K=1,iMAXK) 1u0o
2041 WRITL OUTPUT TMPL 3,100 Ulu

oU TU ( ,703Uv,,7 i97u>,ie,100,1002 oLan 011)0
22 0 TO ( 1u0,1i5o),iSAT 01 10

C MATERIAL MiATRIX PkiNTOUT uli2U
1u0 0.RiTE OUTPUT TAPL ,bb (11hu

DO 2213 J=1,VAXJ o114
)RITE OUTPUT TAPE ,2vuJ 0l-)
DO0213 I=1,MAXI 01160
IREV=MAXI+1-I u1170
W'IiTL OU PUT TMPL ~J6,IicV Ollou
00 212 K=1,iIAXK O110u
jAA =IKTUT*(u-1)+ mXK(I mtV-1)+K liou

212 ikUk(K)=iM'AT(Ji-M) 01210
213 w ITL OUTPUT T~PL ,6b,(MUi(K),K=1, iAXK) 10220

2213 vRITE OUTPUT TAPE 3,1u1v O123u
C TYPE OF CALC MATkIX PkIi' TOUT 01240
1Q, 1 AWIT UuTPUT TP N 3,206 12O

00 2207 J=1,MAXJ 012uu
WkITL OUTPUT TMPE 3,yUyJ 012(U
DO 2L7 I=19 AXI 01200
IREV=MAXI+1-I 012<'
viITE OuTPUT TAPE ,3u6,IntV 01300
DO 2-8 K=1,hiMXK u131u
JAi= I KTUT* (u-1)+IiMA(\* (I <EV-1)+rK ul2U

208 iUR(K)=\O(JA i) 330
2-7 kITE OUTPUT TMPL j,66,(IiiUvi(K),K=1,iMAXK) 01340

2207 WRITE OUTPUT TAPE 3,10lD O13 U
GO TO 1,u Ul3oO

C GRkAPHICAL Pril AoJu K RATi<1X Pkic4TOuT 013 i u
20 NPR=1 o13ou

3013 GO TO (3uuu,3u1),NPRU 139u
30u0 NCOL=14 o14uU

GO TO 3uu2 01410
3001 NCOL=10 U1420
3002 LL=NCOL 01430
514 IF(LL-AAXK) 5119512,513 01440
511 LL=LL+NCOL 014 0

GO TO 514 01460
512 LINE=MAXK/NCOL 01470

GO TO 503 01460
513 LINE=MAXK/NCOL+1 01490
503 G0 TO(35o3,3OU3),NPR 1i u

3503 WRITE OUTPUT TAPE 3+322 01510
GO TO 3004 u152o

3003 WRITE OUTPUT TAPE 3,324 01530
3004 DO 2011 J=1,MAXJ 01540

WRITE OUTPUT TAPE 3,2000,J 01550
515 DO 11 LL=1.LINE 01560

K1=(LL-1)*NCOL+1 157o
IF(LL-LINE) 516,517,517 O15U

516 K2=Kl+NCOL-1 01590
GO TO 518 u1600

517 K2=MAXK 01610
516 00 610 K=K1,K2 01620

K3=K-ALL-i)*NCOL u163u
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61u KROw(K3)=K 01640
GO TO (611, a&5),NPk wL6u

611 W'<IT E OUTPUT TAPE 3,6uu,(KROW (K),K=1,K3) 01660
GO TO 618 167 U

3u5 wIAITE OuTPUT TAPE 39,3uu ,(Kw( K) ,=1,K)
618 DO 11 I=1,MAXI U1690

IREV=MAXI+1-I 17 -
WRITE OUTPUT TAPE s'336,IkEV 171

519 uO 526 K=K1lK2 U172U
JAM= IKTUT*(J-1)+viAXK*(Ii-LV-1)+K 0173U
K3=K-1LL-1) *NCOL u174
GO TO (3uu7,3Ou8),NPR u175u

3007 DUM(K3)=PHI (JAM) u1760
GO TO 526 .1770

3008 DUM(K3)=EK(JAM) 01760
526 CONTINUE u17u

GO TO (3ou9,3ulu),NPR Ulogu
3uu9 WRITE OUTPUT TAPE 3,14,(uUmi(K),K=1,K3) 0110

WRITE OUTPUT TAPE 3,4u00 01bU
WRITE OUTPUT TAPE 3,4u01 01830
GO TO 11 v184U

3ulu WRITE OUTPUT TAPE 3,4u11,(UUM(K),K=1,K3) 0185u
WRITE OUTPUT TAPE 3,4000 01860
WRITE OUTPUT TAPE 3,400U U187U
WRITE OUTPUT TAPE 3,4001 01880

11 CONTINUE 01890
2u11 WRITE OUTPUT TAPE 3,1010 01900

GO TO (3o12,702),NPR 01910
3012 NPR=2 01920

GO TO (3U13,7u2),N6AT 01930
7u3 GO TO (lu5U,7U2),NSAT 0194U

C NON GRAPHICAL K vATRIX PRINTOUT U195U
1050 IF(NDUM3)1u52,1u51,1u52 0190
lU51 WRITE OUTPUT TAPE 3,324 U1910

GO TO 1053 O19bU
1052 WRITE OUTPUT TAPE 3,325 o1990
1053 DO 23u9 J=1,IIAXJUsu

WRITE OUTPUT TAPE u,060,J uU1U
DO 3o9I=1,MAXI U U
IREV=MAXI+1-I uLUsu
WRITE OUTPUT TAPE ,3U6,IREV ULU'U
00 202 K=1,M/XK U2UO

JAM=IKTOT*(J-1)+MAXK*(IIiEV-1)+K 02060
2u2 UUM(K)= EK(JAN) UU/U
3u9 WRITE UUTPUTTAPE3,311( Dui(K) ,K1,M AXK) U2Ubu

23,9 WRITE OUTPUT TAPE 3,101o UZ0~U
7U2 GO TO (1yv,1,1.', 4r4424,luvllvuluviv),L6 ukivu
2400 TO (25,1uelvu) G UkiLLU

C NO OF I TERATIUwIs P WiA OcuuT 0r 2U
25 WRITE OUTPUT TAPE 3.115,L u2130

GO TO 100 214U
C rhI UIFFLRLNCE AND POINT PRIi' TLUO uT uabu

1u WRITE OUTPUT TAPE 3,72,LnI,JHIi1hl,Khl,JU,3,CUr1 U21QU

100 RETURN U217U
END U21u
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SUBROUTINE INPUT

SUbROUTINL INPUT 0Uu
COMMON PHI ,EKNO UU
COMMON UKl,UK[,UK3$TtK3,CKi,CK2,K3,CK4 U UZU
COviMON KK,IIJJ,MAXI,AXK,IIMAXJ,INTOT,K1JflT.Ivuv,i 'pUIeLstaeish UU U

1N1,NV2,N3 ,N4,Ny,iNAV( , N,)IZE NAXI ,La ,I\( AP, L h, ,Jhi Hi Nishi ,Nui , UUU+u

2NDUM2,NDUM3,NDUM4,MUM1,MUUM2,MLUM3,MDUM4,KLY U0Uu
COMMON ILUMP,ICUT,i CUT,ICvAXJ, IL AXI ,ICuMAXI:, aANlI i TNTY Pe i 4i, UUe u

1JAM,M H19MH2vMV 1,MV2, 6UlMOi2,NuSKIP ,J, K, I si4I11Ki t,;PI ,ii L AXJ, U iu

2NCMAXI NCMAXKNUM 96000
LOMMiON oE ,CAI'GL ucLL,ANULc ut ,AYt *,cLlNG PICOkiC+Cun , 00050

1CUR4rCOR59C00r,PHIriAX,DuM ,UUm2DUm3rvuu,4,uuUril)L Lo, ,JtJ0m, Uulvu

2DDUM4,DDUM5,ANGLEPLOP 00110
COiviiON FRACT ,FK ,X,utlvrum ,tlyUn rutlUr39UCI' N , AVT Cum ,MT C mV I c1., 00120

1AXTERM,OTERMCUNIT 0013u
EQUIVALENCE (PLOP,UUM),(KEY,MUivM 0014U
EQUIVALENCE (MATEK) 0015U
DIMENSION PHI(buuU),tK(bu u) ,N(o~uU),jvAT(oQUv) Q016
DIMENSION UK1(15),uK2(15),UK3(15),STcK3(15i 00170
DIMENSION CK1(i5).CK2(15,L),CK3(15,41),CK4(i5, ) UUlbu
DIMENSION PLOP(501),KEY(502),DUiv(51),viMu(502)*COLE(1U) 001

99 FORMAT (1H0,16) 0 v

WRITE OUTPUT TAPE 3,100 O021U
NUO FORMAT (25HvINPUT UlATA FOR THI CASt) 00220

GO TO (1,2,3),NSiZL u023U
1 WRITE OUTPUT TAPE 3,5u oU24v
5u FORMAT (3iHuTHIS 1, A OiN uidiNSIIUiAL CtiSt) 0029

GO TO 4 Ue6u
2 GO TO (5,6),NAXI LUciu
5 WRITE OUTPUT TAPE 3951 uuiou

51 FORMAT (31HVTHIS Iz A TvO UI iLNtibIUiAL CASC) 00490
GO TO 4 Uuo.d u

6 WRiTE OUTPUT TAPE ~2 tUu3J
52 FORMAT (31HvTHS'I. IA 1AXIYfi'CTR ICAL CA6G) 03J

GO TO 4 L0
3 WRITE OUTPUT TAPE 3953 0034U

53 FORMAT (33HUTh16 1 b HTr-1(LaE U I INZ1OaUAL CiL)
4 GO TO (7.d) NSAT 003Lo
7 WRITE OUTPUT TAPE 3,54 Uu r

54 FORMAT (34huuNNsATU AiTU SOIL COiUITION D LXiT) 0u3
WRITE OUTPUT TAPE 3,112 00326

112 FORMAT(26HU OIL TYPE IuCNTIhFi(TIU,4) Uu4
WRITE OUTPUT TAPE 3,55 0U4u

55 FORMAT (47H SOIL U,' 'OrPvA ILITY CU L i RMTIo) uuers
WRITE OUTPUT TAPE 356, ((9CN1(ii )) ,iM=1,ewui) 4

56 FORMAT (I12,1PE28.4) -440
WRITE OUTPUT TAPE 3,57.CUiT 4:U

57 -OUiIAT (4vn Th .AtILLrY PK boUMLjM MkR rJLNL uY 1P11.') 4uu
GO TO 9 +U 4(

8 WRITE OUTPUT TAPE 3,Sb 4ou
5b FOkiAT (32h SATUkMLc uiL CUIuiTiUNS AiZ)i) 4 ;
9 WRITE OUTPUT TAPE 3, 2y,UUH1 Use.

2vv FUKrINT ( 39H A T UKAT Cv PEKiuse i LI T Y O R sui aU. i , Ll 1 .L, ) vv-ie
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WRITE OUTPUT TAPL 3,b2 Ucuu
62 FUINi"AT (LkrivUcClI1 i lt or UF MMTrcIX)

GO TO (lu,11,i,1 1,1,i1),ICUT
10 WRITE OUTPUT TAPE 3!',rCiC'AXJ ,NC'AXI *HCiiAXN e

GO TO 12Ii WRKITt UuTPul TARE , ,6v 1, IIA m J,I'. iAni1,aLoaxxn ,1L'.i,A- 1,sai01 f. Ll~

bu FUkrAT (il7i MAII A uIs iG aVIJn l\L cL I ri' cY- isf~tn L= 1.9 47'1 - ,

13,7H TO Y= 13,4H L= 1 ,4H X= i3)
12 wkITL OUTPUT Ti-%Pt .,L2U,JJ,11,KN uu v
2c1 FUKiiAT (5Jri Tri. COUr )Ii'ulan oL. Ur Inc Pu lrv r1 -. l'I.i L -= I 3 uu

194H Z= I3,3H X=I3) 006-
WRITE OUTPUT ,TAPE 3,115 uuO-U

113 FORMAT (3uHuPARAMIE1 tI ut$SCRIlINu PkU Lc )uol;
WRITE OUTPUT TAPt 3,llb,UcL L ub)

116 FORMAT(3H UI JTatAe uL wti a rU PV ifIo 1 P li.4)uu l
WRITE OUTPUT TAPE 3,117,UuUk5 a6 u

117 FORivIAT(1bH CULUrEi' LLI'Irt IS1P1 l2.4) J0>
WRITE OUTPUT TAPE 3,11d,DDUMi4 067

ll FOKmAT(39l VLIN rIM JIMtsE-aTOL'I OV TiH Urduiisi l ivri.4) (1U

WRITE OUTPUT TAPE 3,119,ANGLE 0u120
119 FORPIAT(39n Ai'OLt Ur iLIATluiv U r hL SYIaL'i ;iNL .4) U/Su

WR1TL OUTPUT TMPL 3,1E-,DPuLL,YL u/u
120 FORIiAT (47H CUFF. UF Trci CMP1LLiArY fi EUrxt UGiTAU i n L a.9) uu'

WRITE OUTPUT TAPE 3,61 LU(iu
61 FORMAT (36HuPILUMLTRIC rihAU ALCULATIOiN iLTnU)'uu

GO TO (13,14),NAVG u07
13 WRITE OUTPUT TAPE 3,63
63 FORMiAT ( dr kELAL I VC CAPILLARY CONuuCIlV lY VALuu UcLJ R i' 1 L' UOuiu

1ENOMINATOR ARE MOT AVERAuLU) uu'b Uu
GO TO 15 0 u

14 WRITE OUTPUT TAPE 3,64 0064U
64 FORMAT ( 77h RELM1iVL CAPILL<Y COiUULTiviTY VLucz U iih l' i. UvU

DENOMINATOR ARE AVERAGED) DuoU
15 WRITE OUTPUT TAPE 3,128 UU u
128 FORMAT (27HU OVckRLAXATION CUNk ECTIUN) Uu UU

WRITE OUTPUT TAPE 3,129 UU6 u
129 FORMAT (41H UStu THROUGh ITLRATIOui' [ACT OR) uUiJu

WRITE OUTPUT TAPE 3,130,N1,COR1 0UJlU
130 FORMAT (I17,16X,1PE11.4) GU92u

WRITE OUTPUT TAPE 3.131,N2,N3 UU)U
131 FUkI'IAT (46h OVCKRLLAXMT IU [ACTUOi RLLALQULAILU EVLI-Y ,3!i n uuYu

1TLKATIOMS UP TO ,13,16i ITERATIUNJ NkX.) UU U
WRITE OUTPUT TAPE 3,2U2 UU6U

2U2 FORiiAT (17HUPROG<AA CUNTlULS) uu'Uy(u
WRITE OUTPUT TAPL J,126,P1 UUou

126 FUM-AT(7.1h it TriL 1.. airl. TwveLi i ITti i I LLc IhM eL u7

X2.4,21HTHE CASE 1S( COUPLLTE) U UiU
WRITE OUTPUT TAPE 3,6DPHIMAX Ulvlu

65 FORAT(49H IF A CALCULATGU PIELOMuTRIC riLi V;LUL XLcs iPu1.'4 UI4U
1,21H,AN ERROR EXIT ULCURS) UluaU

WRITE OUTPUT TAPE 3,66 Ulu4 u
66 FORMAT (19HuuU'MMY INPUT VALUES) Ulu

WRITEOUTPUT TAPE 3'68 ulUUU
68 FORMAT (34H INTEGERS FLOATING VALUES) lU/

WRITE OUTPUT TAPE 3,67,NUUM1,UUvil UlU y
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67 FORMAT (I1291PE20.4)
vRI E OUTPUT TAPE 3 67,m4Uii2fuUi2 12 .. u
WRITE OUTPUT TAPE 3,67,NuUii4 ,vui4 UiZU
RETURN ulla
END 114

SUbkOUTINE STEP

SUokOUTIi'E TcP Pu
C SUokOuT I NL 3T H 3Io-uP EPP 1 i IInr h-CI is(XI /T1ix4 u r [i LSU s I' u YvuuY U

C POINTS 00020
COdvMMON PHI .LKNO 00.:>
COMMON UK1,UK2,UK3,ST K3,CKL,CK,CK ,QCK4 4u
COMlMON KKII fJJM rAx1,vMXK 9i,iA AJ,9 k-1frK I f ,auv ,NPui19I i:s iunS f l , ouv o

IN 1)N2,NFI34,N5,gNAV UvI iLFu1AX 3Lo ,up-,;cL sulJnY , lhi ,Miv ,N it uuvuu
2 NDUi'2 ,NO UNv3 , NLUri49 MO Uml , MUUIin2 ,iUUIN3 i N L)Ume , a Y G au

CUMM 'UN IuuMP , IGU T , acuT, ILim,-X Ji timAi fi 1 Axa s a ,i n l1I T , AY Pi;. i c l f i i uv

2NCMAXI,NCMAXK,NUM UL U
LUMMOriN btPL AINU7LEUL .. ,aamIuLL9ULLciaYLPVI9L L.iu0F'lfLC rIlfCJrLCs+ uvily

1L01-4 ,COr< , CUUt iPHI iAX ,UUi1l , 00$2 , UUiS ,ur84 , uuUri , UIU-le uU na, UW it

2DDUM4,DDUvi5 ANGLE,PLOP 6013u
LIklOMM N F RACT 9 F K ,XfUtlvus ,0 l 2, clvr.L vl mr3fuL14Luh aaV T c' ri1L n~ramV Icas, 0 14lr

1AXTERM0TLRv, CUNIT uu
tQUIVALt.NCE (PLOP,L)Uv) ,f(KLY,i IUv) ulu
EQUIVALENCE (MAT,EK) Uulio
OIfENSION PHI(buuu),tK,( vu),IU()000)imlT (UJVy) UwiU
UIi LNSIUIV UKI1i ),uK2 (i:>) su>.:( ')STt.K3(1 )) uui';

DIMcINSIUIN Cl (17) ,L..(1:>, ) CK (1 , 1) ess (l .>, c) U~g uo
uIivINSILus PLOP (5U~fL) .( u,Ur( ul)friwr (:.>ue),CoUU (lu 00 U

NSKIP=1 0220
9 GO TO (lufll),INIT uuL3U

1u GO TO ( 1C#13.14915lb1,17,16,2, u) N T YPe 240
C INITIAL Z.STAKT INU CUO I L)LuNA T US L LMiuuU v TYO. UF STPPIrvv

12 111=1 UU2 U
kKK=KK 04/u
GO TO (;1,22,23,24),ICOUINT UUj2c

13 III=11I-1 uu25u

kKK=KK-1 UU,'U
GO TO 24 uu31u

14 111=II11I Uu
kKK=KK-1 UU30u
GO TO (22,24),ICOUNT U34U

15 II=II vu35
KKK=KK-1 uou
Co TO 22 uu3lU

16 III=II u3u
KKK=KK uu ,u

GO TO (21,22),ICU0iNT U04U
17 III=II UU4u

KKK=KK 00440
GO TO 21 u043

18 1111= II 144U
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KKK=KK
GO TO (21,23),ICOUNT

19 III=11-i1
KKK=KK
GO TO 23

20 III=II-1
KKK=KK
GO TO (23,24) , ICOUNT

C STEPPING DOWN-LEFT -COMPUTE LIMITS
21 ISIGN=-1

KSIGN=- -1
NbT=MLuj'vI1 +KKK
NNIu=MOUN1 +jMAXK*(I i-1)++KKK

NEND=MDUMl+1
GO TO 25

C STEPPING UOwN-kiHi-CuviPUTE LI-ITS
22 ISIGN=-1

KSIGN=+1
NbT=MDUM1 +KKK+1
NMII=MLUNii +iviAXK* III-1)+KKK+
NEND=MDUMl+MAXK
GO TO 25

C STEPPING UP-LEF T -CUPUT L IMi T:
23 ISIGN=+i

KSIGN=-1
NbT=MDUM1 +MiAXK*(iMAX I-1) +KKK
NivU=MVUN1 +iVAXK*i I i+KKK
NEND=M)DUMi1 +IiAXK*'(MiAX I-1) +1
GU TO 25

C STEPPING UP-RIGHT -CO MPUTh LIMITS
24 ISIGN=+1

KSIGN=+1
NoT=MUM 1 +vAXK* (iAXI-1)+KKK+
NMI=MUvi 1 +iaXK*( III )+KKK+i

NENDI KTOT*J
25 JAM=NMID

INIT=2
GO TO 26

C COMPUTE AND TEST PHI INDEX
11 JAM=JAM+ISIGN*MAXK

IF ( I IGNV*( J i-No T )) 2 , 6,27

27 NoT=N6T+KSIGi'
NMIU=NMI u+KIGN
JAM=NM ID
IF(KSIGN*(NT-chNU) ) 26,2,2o

26 ICOUNT=ICOUNT+i
INIT=1
GO TO 9

C ROUT INE TO FIND 6U$k uNUINO Puo1iT6
C SIX NOiviAL 6UkiOUNuI N6 PuIN TS

26 MH1=JAi-1
MH2=JAM+1
JVMV 1= JAN-MAXK
lvMV2=JAM+tIAXK
MO1=JAM-IKTOT
v 2=JAri+ I 6<T0T

1
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&O43o
00460
0047o
L0 U4o0
0046o

00510
00520
UU540
0052U0054u

0O5)0
0O2oU

o0D 10

0061o
Oo62o
UO63o

00660
U66i/
00 lOU
006( 0
00 7UU

oO (30
0074o

00760

oo7 (0

uu to

00 (Qo

0061u

UUbzu

0060o

00640

Uuu6 j

000 /u

0074u
00~,U
UU91U

uuaUU

002Lo

00950

00 970

UU0

0Uo50
vu v;)

1
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C SPECIAL CAS.S ON <UKKUUNUiNG PUINT S 01uiu
GO TO (c-o,2l),NAT uluiu

2u0 CALL ONO (IfIiAGE,NO,Ji-W) ulu:1
6O TO 2u2 U4U

201 IMAGE=NO(JAM) ulu
2'2 GO TO (lNu,1u1,1u1),VILL 0100

C 1--D 010(0
1UU GO TO (lu3,131,105,iu6),INAGE uloU

C 2-0 1u09
101 GO TO (103,131,105,106,i0/,10o,111,112,i1l,1b),IiAGE u1l0

C 3-D u111J
102 GO TO (103,131,105,106,107,106,1u9,110,111,112,113/114,115,116, o1120

111791109,119 9 12UP 21, 4. 1 f1, 1:>1L0,1LI, ~10 L2,130 ) ei Nabe 0113U

u3 iNKIP=2 u114U
GO T0131 0115U

1u5 MV1=MV2 u1160
GO T0131 u1170

106 MV2=MV1 01180
GO T0131 u119

107 MH1=MH2 01200
GO T0131 Q1210

lob MH2=MH1 122u

GO T0131 u1230
109 MO=MO2 u124u

GO T0131 0125L
110 M02=M01 u126u

GO T0131 0127u
111 MV1=MV2 u1280

iMiHi=vMH2 012yU
GO T0131 013uQ

112 iiV1=MV2 131U
MH2=MH Hu132u
GO T0131 u13:>

113 MV1NMV2 U134'0
O1= MO2 013!1

GO T0131 01360
114 MV1=MV2 L 1370

MO2=M01 136u
GO T0131 U139U

115 MV2=MV1 1400
MH1=MH2 14iu
GO T0131 u142u

116 MV2=MV1 v143u
MH2=MH1 01440
GO T0131 14JU

117 MV2=MV1 146U
Mo1=M02 147U
GO T0131 L140

118 iviV2=MV1 UL14>'u
vO2=MO1 u
GO T0131 einiu

119 MH1=MH2 ab2
FiOl=iIO2 155
GO T0131 1i4 q

120 MH1=MH2 155U
02=MO1 1i50o
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GO T0131 i1.
121 MH2=MH1 150-

M01=MO2 el d
GO T0131

1 2 2 M H 2 = M H1 1 6 30

M02 = M01 016 L
GO T0131 -163

123 MV1=MV2 164_
MH1=MH2
MO 1=M02 i60

GO T0131 i0
124 MV1=MV2 160

MH1=MH2 ulosu
vi02=M01 V( u

GO T0131 171
125 MV1=MV2 -

MH2= MH i
M01= M02 U1740

GO T0131 f1/)U

126 MV1=MV2 ai
MH2=MH1 L171U

M02=M01 17oo

GO T0131 1/
127 MV2MV1

MH1=MH2 10 u

10 =MO2 01=''-0
GO T0131 I0v

128 MV2MV1 1
MH1=MH2
vi02=012 = V
GO T0131

129 MV2=MV1
MviH2=MN H1
M01=M02
GO T0131

130 MV2=MV1 L

MH2=MHi
vO2=M N01 U U '

131 RETURN
END
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C SUikOJTIN ::>AVE
C -UkoOUTINu S V RITuS ThL COrvTuNTS OF iuHRY TO SPECIFIED TAPL OR

TO C;; DS. TriIS uN#-3LLS STArT UP AT TIAL o 6KAK.
FAP

COUNT 35v 120-0 1
caTl T SHLAVu .zorOUTINi'U Su L A 1T,(Iu) ,(FPT) ANU (TES) 120-0 2

kcM THE CALL LIsT IZ VARIADLL Ii\ LuNGT 120-0 3
RLM CALL SAVE (NT1,T ,....TN) vHERL 120-0 4
R M N IS THE NO. OF TAPES (Ir ZtRO IT IS TrE ONLY ENTRY IN 120-0 5
REM THE CALL LIST) 120-0 6
REM TN IS THE LOGICAL TAPE NUI"'uLR 120-0 7
REM 120-0 8
REM SAVE THE RLGiSTERS 120-0 9
REM 120-0 10
ENTRY SAVE 120-0 11

SAVE STO ACSTO STORE AC 120-0 12
ARS 35 120-0 13
STO POSTO STOKE PQ UoITS OF AC 120-0 14
STQ MiQST0 STORE Q 120-0 15
STI SISTO STORE SF 120-0 16
SXA XR1.1 STORE IRS 120-0 17
SXA XR2,2 * 120-0 18
SXA XR4,4 * 120-0 19
AXT 23,1 ESTABLISH A GROUP 120-0 20
STZ ZEROS+23,1 OF 23 ZEROS 10-0 21
TIX *-1,1,1 IN COMMON 120-0 22
AXT 4,1 SAVE SNSL LIjriTS 120-0 23
STZ LIGriTs+4,1 120-0 24
TIX *-1,1,1 120-0 25
CLA L(2) 120-0 26
SLT 1 120-0 27
STO LIGHTS 120-0 28
SLT 2 120-0 29
STO LIGHTS+1 120-0 30
SLT 3 120-0 31
STO LIGHTS+2 120-0 32
SLT 4 120-0 33
STO LIGHTS+3 120-0 34
REM 120-0 35
REM DETERMINE TAPE POSITIONS 120-0 36
REM 120-0 37
CLA* 1,4 120-0 38
STO STAPE SAVE NO. TAPES TO bE PROCESSOR 120-0 39
ARS 18 120-0 40
ADD L(2) 120-0 41
STA RET ESTABLISH RETURN ADDRESS 120-0 42
LXD STAPE,1 120-0 43
TXL WLPl. IF NO. TAPES EQUAL ZERO 120-0 44
PXA 0,4 120-0 45
SU6 RET 120-0 46
STA TAPU INIALIZE ADDRESS OF CALL LIST 120-0 47
XEC* $(TES) 120-0 48
bTTA TURN OFF bT INICATORS 120-0 49
NOP 120-0 50
BTTB * 120-0 51
NOP 120-0 52

TAPU CLA* .. ,1 PICK UP TAPE UNIT AND 120-0 53
TZE ZERO TRA IF ZERO 120-0 54
ARS 18 120-0 55
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ADD
STA
LXA
TXhi

HP

PXA
STA
SXA
AXT
CLA
TXH
TRA
AO
AXT
STA
SXU
AXT

65R BSR

TCO TCOA
bTT DTT

TRA
TXI
TXL
TXI
PXD
STo

ENDLP TIX
TEFA
TEFd
TRA

ZERO STZ
TRA
BSS

STAPE PZE
L(2) OCT
L(1000 OCT
LIGHTS OCT

REM
NRiEMi
REM
HTR

WLP CAL
STA
AXT

WT4 WTB
RCHB
LCHB
TCOB
TRCb
TRA

LERR BSRB
BSRB
TIX
HPR
TRA

CD1 IOCP
IORT

CD2 IOCP
IOCP

( IOU)

.. ,4

*+2 ,4,
1,6
U,4
zSTAPE'1
b Sk,4

3G72,2
L( lUUu
*+2 #4,1023
*+3

L(1QUU
3136,2
ITT
TCO,2
U,2

..

*

. .

*+2

oSR,2,1
*+2,2,0
*+1,29-1
0,2
STAPL,1
TAPU,1,1
W+1

*+1

W LP
STAPE,1
ENDLP
10

ADDRESS OF TAPL UNIT CuDo..
UNIT CODE TO Xk4

AND CONTINUE UNLL S
UNIT CuL IS 4ik .

STOkE UNIT COut IN STMPE TAULc .
INITIALIZL TAPL iOVLR A UDrSSc.z
TCOA CUiMi'AND

TCO COFNMAND

FOUND IT
KEEP LOOKING

CORRECT FLR STACKING EFFECT

SAVL TAPE PUSITIUNIN STAPLE T U LL

TURN OFF INDICATORS
*

2
GuA

vvRITE LOALi s PROGRtAM' - 2 CAND)

RELOAD
*-1

LRLT
5,2
4
CD1
CD2

*

LERR
CSAVE
4
4
WT4, 2,1
3,7
wT4-1
CARD1,~24
ID~ 3
CARD2,,18

ZEROS,,6

ESTABLISH THE
RETURN ADDRESS
RED. ERR. CTR.

-79-

120-0 56
120-0 57
120-0 5
120-0 5
10-o 60
120-u 61
120-U 62
120-0 63
120-0 64
12o-0 65
120-U 66

12U-i 67
120-U 68
120-0 69
120-0 70
120-0 71
120-0 72
120-0 73
120-0 74
120-0 75
120-0 76
120-0 77
120-0 78
120-0 79
120-0 80
120-0 61
120-0 82
12u-0 83
120-0 84
120-0 85
120-0 86
120-0 87
120-0 88
120-0 89
120-0 90
120-0 91
120-0 92
120-0 93
120-0 94
120-0 95
120-0 96
120-0 97
120-0 98
120-0 99
120-0100
12u-0101
120-0102
120-0103
120-0104
120-0105
120-0106
120-0107
120-0108
120-0109
120-0110
120-0111
120-0112
120-0113
120-0114
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REM
RE i
GD

CARD OCT
AXT
STZ
TIX
AXT
RTBA
RCHA
TCOA
TRCA
TLFA
CAL
ERA

LRET TLL
ALS
CAL
ANA
POX
STA
AXT
CAL
LDQ
STQ
ACL

CARD2 OCT
TXI
TIX
ERA
TZE
TOV
HPR
TRA
bSRA
TIX
HPR
TRA
HPR
TRA
OCT
OCT
IOCD
REM
REM
REM

CSAVE CLA
STO
LXA
LXA
SXD
SXA
CLA
STO

TT TIX
TRA
CLA
STA
STA

LOADER PROGRAM
ID,i3
o 526o7767o,Q
32596,1
32696,1
32697,1,1
5,4
2
32733
32702
32725

32729
32734
32731

2
32734
32732

,1
32716
0,2
32734
32736,2
.. ,2

32736,2
uvu520077716 ,0
32719,2,-l
32715,1,1
32735
3270
327o0
U,7
327U0
2
327o0,4,1
1,7
32699
2,7
32729
000500077777
00U037077777
32734,,24

32696
32697
3269o
32699
327o0
32701
32702
32703
32704
32705
32706
32707
32708
32709
32710
32711
32712
32713
32714
32715
32716
3'717

327lb
32719
32720
32721
32722
327 3
32724
32725
32726
32727
3272b
32729
32730
32731
32732
32733

77670
77671
776 7e

77673
77674
77675
77676
77677
77700
77701
7770
77703
77704
77705
77706
77707
77710
77711
77712
7771--
77714
77715

77716
77717
77720
77721
77722
77723
77724
77725
77726
77727
77730
77731
7773[
7773::
77734
77735

SAVE MEMORY TO 64 ON CiARD RECORoS

C+5
C+2
C+1,1
C+3,2
TT3+1 v2
CKJUMv,2

CC
CCl
*+2,1,22
TT2
C+2
TT3+1
CC1

INIT ALU FOR SUCCESSIVE SAVES
NO. WORDS TU Xkl

INITIALIZE IOCP AND

CHECK SUM INSTk TO 22 wOR

SET 1ST OUTPUT WORD TO 22 WOrUDS

IF LESS THAN 2, WORDS REMAI i

INITIALIZL IOCP ADDRESS

-80-

120-0116
120-0117
120-0118
120-0119
120-0120
120-0121
120-0122
120-0123
120-0124
120-0125
120-0126
120-0127
120-012o

120-0129
120-0130
120-0131
120-0132
120-0133
120-0134
120-0135
120-0136
120-0137
120-0138
120-0139
120-0140
120-0141
120-0142
120-0143
120-0144
120-0145
120-0146
120-0147
120-0U146
1.20-0149
120-0150
120-0151
120-0152
120-0153
120-0154
120-0155
120-0156
120-0157
'120-0158

120-0159
12 0-0 160
120-0161
120-0162
120-0163
120-0164
120-0165
120-0166
120-0167
120-0168
120-0169
120-0170
120-0171
120-0172
120-0173
120-0174
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STA
CKSUM AXT

AXT
CAL

GO ACL
TXI
TIX
SL V
CAS
TRA
T RA
AXT

WTDEG WTo
RCHB
TCOB
TRCB

UPDAT CLA
ADD
STA
MSE
TRA
W TB B
RCHo
TCOB
TRCB
WPuA
RCHA
TCOA
HPR
CALL

PAU IOCDL
TT2 SXL)

SXA
PXD
SUb

STo
PXD
ORA
STL)
P6E
TRA

TT3 IOCP
IOCP
IOCP
IOCD

TT4 3SRB
TIX
HPR
TRA

TTu IOCP
IOCP
IOCL)

C OCT
OCT
OCT
OCT
OCT
OCT

CC OCT

GO

u,4

CCl
",4

*+1,4,-1
GO,2,1
CC1+1
CCl
*+2
UPDAT
5,4
4
TT3

TT4
C+2
C+3
C+2
97
TT
4
TTB

*
*+1

PAU
*

4661,1
EXIT
PAUSE,,24
TT3+1,1
CKSUM , 1

0,1
L22u
TT3+2
0,1
CC+1
CCl
97
TT+2
CC1,u,2

.. <,,..
ZEkUS,,..

ID ,3
4
bTDLG,4 1
1,5
UPDAT
CC3 ,o,1
Z L us,,23
ID,,3
77462
77317
144
26
1
144
uUu526 vU U

AND ACL ADDRESS
NU. wOks ThI S CANrD) TO Xk2
zER.O 1U X14 Fu,, CKSUii CALC

IF ALL WORDS IrN CARD ARE ZERiU
IF NON LEieO -
WRITE CAR RECORD

UPDATE WRITE ADDRESS
*

*

IS SENSL LIGHT 1 ON
NO.
YES
WRITE END CARL)

krI TE PAUSE NM.51L6E
*

*

1,0. WOUS LtSS TriAN 22

TURN ON LITE 1

AONESS OF AI RMY TO oE SAVLU

NO. OF WORDS TO t SAVE)
Ii\ITIAL vORL)

-81-

120-0175
120-0178
120-0177
120-0178
120-0179
120-0180
120-0181
120-0182
120-0183
120-0184
120-0105
120-0186
120-0167
120-0188
120-0189
120-0190

120-0191
12o-0192
120-0193
120-0194
120-0195
120-0196
120-0197
120-0198
120-0199
120-0200
120-0201
120-0202
120-0203
12 0-02 04
120-0205
120-0206
120-0207
120-0208
120-0209
120-0210
120-0211
128-0212
12o-0213
120-0214
120-0215
120-0216
120-0217
120-021l
120-0219
120-0220
120-0221
120-0222
120-0223
120-0224
120-0225
120-0226
120-0227
120-0228
120-0229
120-0230
120-0231
120-0232
120-0233
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OCT
L220 OCT
CC3 OCT
PAUSE OCT

OCT
OCT
OCT
OCT
REM
REM
REM

RELOAD RTDA
RCHA
TCOA
TRCA
CAL
ARS
SUB
TZE

NODAT WTDA
RCHA
TCOA
TRCA
CALL

NDMSG IOCD
BCI

DATCD IOCD
PZE
PZE

L(54) OCT
R EM
RkEM

REM
CONT WPDA

RCHA
TCOA
WPRA
SPRA
SPRA
SPRA
SPRA
TCOA
HPR

REM
REM
REM
LXD
TXL
TEFA
TEFU

TPADV CAL
PDX
STA
STA
RELW
R O
TIX
TIX
REv

u uUU26vuvv000U2bvosu.JiY
u500077777
2u41uu4uu2u,1U0 0uvjuU.' vu10001,02o0U0Uo000.),0, u
012U2U2uUU0,0, 1u2004u64ulu0 UOuOUO0000004P0
02uv60ulu 0,460uo0u0uuu,04U4U20Q3001 9 0
0o0vUu0uU42U,20juy0y.uUv,U06U6420.3101,44U000U0Oy

214U4u21u,l 0yyuuuu,10214634424,220VU0UOUOU

RESTORE REGISTERS ANO CONTINUE

2
DATCD
*1

DATCD+1
30
L(54)
CONT
3
NDMSG

*

*+1

EXIT
*+1 ,0,4
49u DATA CARD IS MISSING
*+1,o,2

54 ASTERISK

STOP TO LOAD TAPES

PAZ
*

4
4
4
4

9362,2

POSITION TAPES

STAPE,1
LDREG,1,o
*+1

*+1

STAPE,1

*+2

*+2

.

*-1,291
TPADV,1,1

IF NO TAPSt USwo

-82-

120-0234
120-0235
120-0236
120-0237
120-0236
120-0239
120-0240
120-0241
12L-0242
120-0243
120-0244
12u-0245
120-0246
1 20-0247
12u-0248
120-0249
120-0250
120-0251
120-0252
120-0253
120-0254
120-0255
120-0256
120-0257
120-0258
120-0259
120-0260
120-0261
120-0262
120-0263
120-0264
120-0265
120-0266
120-0267
12o-0268
120-0265
120-0270
120-0271
120-0272
12L-0273
120-0274
12u-0275
120-0276

12:-0277
120-047o
120-0279

120-0280
120-021
120-0262
120-0263
120-0204
120-0205
12.-02B6
120-0267
12U-026b
120-0285
12U-29
120-0291
12u-0292
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REM
REM

LDREG CAL
STO
NZT
SLN
NZT
SLN
NZT
SLi'
NLT
SLN
LUI
CLA
LDQ
LLS
TOV
LDC
TCOA
TCOb
TRCA
TRC3

XR1 AXT
XR2 AXT
XR4 AXT
RET TRA
PAZ IOCD
MCSTO PZE
PQSTO PZE
MQSTO PZE
SISTO PZE
PAZE OCT

OCT
OCT
OCT
uCT

ZEkOS SYN
CCl SYA
.. SYN
ID SYN

END

LOA REGISTERS

$(FPT)
8
L IGHTS
1
LIGHTS+1
2
LIGHTS+2
3
LIGHTS+3
4
SISTO
PQSTO
ACSTO
35
*+1

MOST
*
*

RESTORE FPT
RESTORE SLNSE LIGHTS

LOA SI

LOAD AC

LOAD MQ

*
*

.. i1

.. 92

.. 94

.. ,4

PAZE,,!24

20uv,500.,10000000uoUuu11'-uuU01 2000000000

4,,1 f,0,1uLUi2)U fU, f21Qv420404,o,2102000200.0O
2000vivv,,4194Ouvjuvulvuuu2 10000000uC
44v4oevuiu 20usuuuu, 121tv42 ,f144000O 0UUO
3 22 v 40 1V,10000000 0,5161437023 220000OD
32696 OUTPUT ZENOS
3272u UTP- UT vUNDS 1 + 2.
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