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Waterflow in Soils:
A Generalized Steady-State,
Two-Dimensional Porous Media Flow Model

C. R. Amerman!

Introduction

Understanding water movement through soil
and underlying unconsolidated material is
basic to understanding important aspects of
other such phenomena as the hydrologic cycle
and the movement of waterborne substances
through rhe landscape. Unfortumately, sub-
surface water movement under natural condi-
tions cannot be directly observed. Methods
of indirect observation are usually diffi-
cult, tedious, snd expemnsive. Further,
instrumentation for such methods may modify
the system under observatiom. Although there
18 no real gubstitute for carefully made
field observations to provide initial con-
cepts and to check theoretical results,
computational efforts can save large amounts
of field labor and expense. Such methods
also often provide clasrer, broader comcepts
than would be available analyzing field data
alone.

This report discusses a finite difference
model of the hydraulic head distribution
within two—dimensional regloms of porous
media subject to steady flow. Soll water
content, water table position ard shape,
pathlines of flow, and flow velocities can be
estimated from such a distribution.

The range of applicability and limitations
of the model may be summarized as:

1. Flow gyatem boundary geometries must be
approximated with straight-line segments.
Straight-line boundaries which do not par-
allel Cartesilan coordinate axes can be
modeled but require coumsiderably more effort
than those that do.

2. The Cartesian coordinate system may be
rotated so that the major axis of the flow
gystem is on a slope.

3. Boundary conditions must be in terms of
pressure -head or flux, or both; at least a
portion of the boundary, however, must have a
known pressure head.

1Hydraulic Engineer, Watershed Research, Agricul-
tural Research Service, U.S. Departmeunc of Agriculture,
207 Business Loop 70 East, Columbia, Mo. 65201

4. A cross gection may contain geveral
801l units. The boundaries between units may
be geomerrically complex.

5. Soils within each unit of z modeled
gystem are consldered to be isotropic amd
homogeneous.

6. Hysteresis in the hydraulice condue-
tivity pressure head rtelationship is ignored.

7. Spacing of nodes within the finite
difference aolution mesh may be irregular.

The usual assumptions regarding porous
media flow apply to this model:

1. Inertial forces are not gignificant as
compared with viscous forces.

2. Water is contiguously connected
throughout the system.

3. Flow is isothermal.

4. Alr escapes freely from all parts of
the flow system.

The flow equation modeled may be deseribed
as an elliptic partial differential equation
with mixed boundary comditomns. The finite
difference method is used, and the resulting
gystem of equations I8 solved by the succes-
slve overrelaxation (SOR) method. The model
takes the form of a digital computer program
writcen in USASI Fortran.

The following pages describe the model and
i{ts application in detail. A sample cross
section 1is modeled; the sample input znd
results given may be used to check the
operation of the model when implementing it
for the first time. Appendixes document che
program and describe two useful auxiliary
programs.

Partial Differential Equation

A number of textbooks discuss the theory
of soll water movement. Childs (2)2 gives
a detalled but quite readable mathematical
descripcion, while resumes are given by
Hillel (5) and by Baver and assoctlates (I).
In general, porous media flow may be modeled

2ltalic numbers in parentheses refer to Literature
Cited, p. 27.




by a partial differential equation, called
Richards'® equation, and associated initial
and boundary conditions. Solution of a
steady-state version of Richards' equation in
two dimensions requires only boundary coadi-
tions and is approximated by the model
presented here.

Ricbards' equation 1s derived by combining
equations of state and continuity with Darcy's
law. For steady state, it may be written

oy 3 3By
s K5 *gy Ky =0 (1]

in which

H = hydraulic head = h + z for porous

media flow (L)
= goil water pressure head (L)
= elevation above a datum (L) 1
K(h) 1s hydraulic comductivity (LT )
distance parallel to the z-axils of
the Cartesilan coordinate syscten,
positive to the right (L)

y = distance parallel to the y-axis,
positive upward (L)

To sccommodate a sloplog soll, rotating the
Cartesian coordinate axes through an angle, @,
is couvenlent. The tangent of this angle
gshould be equal to the slope of the prototype
system. Because of the dependence of X upan
h, the so-called h-based form of Richards'
equation i1s used. Stated for gemeral orilen-
tation, this form of Richards equation is

3
% (X ) + = (K

B =X
b

+ gin u %ﬁ + cos a %ﬁ =0 (2]

Equation [2] is a nonlinear, elliptic,
partial differential equation.

Boundary conditions are essentially of two
types: (1) pressure head (h) specified and
(2) hydraulic gradieant (3h/3z or 9k/dy)
specified. Glven a zero value, the latter
represents Impermeable boundaries or the
coincidence of streamlines of flow with the
boundaries. Given non-zero values, a
hydraulic gradient boundary condition rep-
Tesents a flux boundary. The model to be
described contains an algorithm that allows
the flux beundary comdition to be atated in
terms of the flux itgelf.

There 1s po closed form solution for
equation [2]. Analytical methods can be
applied to the equation for certain special
situations but, for the general case, it must
be solved by such approximate methods as
finite differences.

Finite Difference Model

Finite difference equation

Whereas equation (2] applies throughout a
two—dimensional flow region, finite differ-

I ﬂ.;ﬂ"}»” 3

encing providea another equation 4t each of ¢
set of diserete poilnts, superimposed on the
cross section of that region. Associated
boundary conditions are applied ar discrete
points along the boundaries. The set of
discrete points, called nodes, 1§ arranged in
a grid, termed the solution mesh im this
reporc, guch as that in figure 1.

The sizes of the mesh increments, Ax
and A&y, influence the precision with which
the finite difference model represents the
partial differential system. The smaller the
nesh increment size, the greater the preci-
sion. These concepts are covered in many
textbooks; for example, see Smith (8). In
many flow systems, precision requirements are
not uniform over the cross section and, for
economic reasons, Ar and Ay are often varied.
They may be varied independently.

The finite difference equation approxi-
mating equation [2] was developed using the
central difference method. By thils mechod,
the pressure head at each node is a function
of the heads at its four mearest neighboring
nodes. For example, in figure 1

Ry = FO1y, hgs B Bp)

To simplify and organize notariom, | =1, 2,
3, . + . gives column identification to all
the nodes of each row, while j =1, 2, 3, . .
glves row identification to all nodes in each
column. Thus node P 1z node » If h at
point P is ddentified as h; J then A at
point A is hj_7 4 and h at polnt B is

hy g-1 Note that the directions in which I
ana J increase are independent of those in
which z and y Increase. Because of Fortran
limitations, | and | can take om only positive
non-zero values. The x—axis most convenlentl)
coincides with the soil surface and, in this
notational scheme, | increases downward even

] x| ° . O 2 [] ° [ ] 2 [
2 . ' » a . O X >
3 - ----4'---- . £ .
4 . — - "--- _—— :--- I-—— »
SETTE
R e . D
6 . o [ i X
7 . » . . . . - . °

Figure 1.--Square mesh for finite differencing
superimposed on a two-dimensional flow field.
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though y 1s considered to be positive upward.
Using this notation and conditions at the
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four neighboring nodes, a finite difference
representation is expressed in equation [3].

. . . Dh. . K. Ny .
2 Kiag e,y G g K M g Sieegtinag,
- - : e
Ar_+AJ:+ Az Ax_ Aa:+_ .
. .. K, . R
+ 2 [Ki,j-%hi,j-l _ (Ay+R;,J_% Ay_Ki)J+¥)h¢Ll_+ 1,7 L,J+l]
by +hy, 8y_ By by, by,
X. K. . K. .  -K. .
1-1,3 41,7 T,4-1 1,7+ _ (3
+ gin a + cos a 0 ]
Ar_+Ax+ Ay_+Ay+
in which
K. +X. X. +X. .
. . = - . .= 27 +1,7
2 2
K. . +X. . K. +X, .
.o = -1 X. . = 1 1 ,7+1
Kigg T tadm L . i g4y T ol
and
' Ax_ = mesh increment length to lefc of node |,] (L)
Ax+ = mesh increment length to right of node 1,] (L)
by = mesh increment length above node 1,J] (L)
Ay+ = mesh increment length below node i,] (L)

Because of the appearance of X = X(h) in
equation [2], equation [3] was developed by
inspection--simply transforming partial
derivatives 1into ratios of differences.
However, Forsythe and Wasow (3) on pages 187
and 188 give formal derlvations of linear
partial derivatives that support the validity
of equation {3] for the nonlinmear case.

They also note that, if Ar, for example,
varies over the c¢ross section, One may
expect an error of O(Ar). For a square mesh
in which Ay = Ax, the error is O[(Ax)z].

"Imaginary" rows and columns outside the
cross section provide the fourth node for
calculations involving a node on gradient-
type boundaries. To i1llustrate, if the
right side of the cross section in figure 1
is impermeable, then 3H/32 = 0 and X at
each node to the right of che boundary is
ser exactly equal to the A-value for the
node horizontally to its lefc immediacely in-
side the boundary, for example, Hp = Hp.
Because # = h + z, to convert H to % at the
imaginary node 1is a simple operation regard-
less of orientation of che system.

For a given geometry and sec of boundary
conditions, the flow regime may be defined,
with some error or lack of precision as
noted earlier, by the distribution of
pressure head (h) that satisfies equaction [3)
at all nodes of the solution mesh. To find
this discribution, a starting array of
h-values, which may be completely arbitrary,
is used. Bquation (3) is then solved for

each node of the solution mesh except those
on h-specified boundaries and except for the
imaginary nodes outside the gradient (flux)
boundaries. If subsecctioning, discussed
later, is carried out properly, solutlon
starts with the left-most node on the top
row and proceeds to the right along thac
row. Lower rows are processed in succes-
sion, also from left to right. A complete
cycle of solving equation [3) once for all
nodes constitutes an iteration, the h-array
at the end of an iteration being in some way
a closer approximation to the solution array
than that at the beginning. Mamy such
iterations are usually necessary before
convergence to the final distribution of

h-values.

Overrelaxation

Experience has shown that an overrelaxa-
tion factor (w) may speed convergence of a
finite difference model of the type of
equation [3]. If h = f(g), then

wr + h = of(g) +h

h(l-w) + of (g

vhere w has a value between 1.0 and 2.0.
When full convergence is reached, of course,
h on the lefr side, k& on the right side, aund
f(g) are all equal. Before reaching conver-
gence, h on the right side has the value
calculated during the preceding iteration,
vhereas % on the left is the new estimate to
be calculated during the current iteration.

i

or h
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Solving equation {3] for h; ; and Intro-
ducing the overrelaxation factdt give the
equation that i3 solved for each node during
operation of the model.

h., .= (1-w) h

Tid i,d
K. Ying
2 ‘L_Lf)j
to gy, T Mens T T ae, Mg
) K. ., K, .
b (gl e B
Ay_ Ay+ Ay_ TyJd + »J
X, , K . K. . =K. .
1-1,7 “1i4l,7 1,J-1 1,7+l
+ sin a Ax_+Az+ + cos a Ay_+Ay+ 1
A K., bz oK. .
: g im: ——L Z:::Jm:- tﬂ,a)
e - T
o2 A YK e
by _+by, By by, (4]

Equation {4] I8 a successive overrelaxa-
tion (SOR) model of equation [2] and, with
asgoclated boundary conditions, approximates
two-dimensional, steady-state, saturated,
unsaturated, or partially saturated porous
media flow using a finite difference mesh in
which the mesh increment size may vary from

one part of the flow regfon to another amd
in which the major axes of the mesh may be
rotated to conform to. the glope of the
prototype. Greenspan (4) discusses SOR
models as does Smith (8) and Forsythe and
Wagow (3).

Interation scheme

The SOR model converges toward the actual
h-distribution most rapidly if the new
h-value at any node replacea the old value
in the h-array as soon as it 1s calculated.
Thus, when %; . is being calculated, hy 7 5
and hi,‘-l are’new values calculated duriﬁg
the current iteration, whereas hi+1,j and
h¢, j+1 are old values from the preceding
iteration. New X-values would seem appro-

priate for use
experience has
less efficient
X-values. The
larger maximm

with new hk-values, but

shown that this practice is
than the use of old

latter practice results in a
overrelaxation factor (Wpyg,),

L m m-1 m-1
EX(AX”"lh’Q_l ‘ic;(”‘lh”" J.)+Ey(m’"' lht.' j_1+cy"" lhi'a.ﬂ)wz'r.m

hence more rapid convergence, than is possibl

with new K-values. The concept of w,,.

will be discussed in greater detail later.
Equation (4] may be modified ro show the

iteration scheme used. Also introduced at

this point is simplified notariom used in

the computer program for the model..

1+1, ]

m m—1
hi.j (1-w) hi,j + a [

g x8 Lagy.yg™t (5]

where m refers to values obtaimed during the current iteration.

m-1 refers to values obtained in the preceding iteratiom.

L 1
e 1771 K
A= "R » cx _‘J‘A:+
1
o L
A = sz—% , oy - tAy
B "
1 1
.4 AAr o
XB b I{":%’J AI_ ﬂ;kﬁﬂ
Ar oAz
— e
1 . 1
8 by K Gt g
by by,
1 1 1 1
DELTA = QEGM_*, cos Q KZ:’_'—]. 1{:_ +1
AI_+AJ:+ . Ay—+Ay+ .
2
BX =
Az +hz_
2
.Y =
Y = gy,
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N on.linearits; and convergence

As noted earlier, the Richards' equation,
hence its finite difference approximation,
i3 nonlinear. Because finite difference
theory has been developed almost exclusively
{n the linear context, there are no firm
guldelines on the application or operation
of nonlinear models.3

The lack of a body of theory covering
nonlinear finite differencing is felr most
keenly when considering questions of con-
vergence and the rate of convergence. A
model converges if {t converts an initial
guess regarding the discribution of the
dependent variable to an approximation to
the true distribution. Fortunately, experi-
ence indicates that many finite difference
8chemes developed for linear systems also
converge for nonlipear systems even though
there 18 no theoretical proof that they
should. However, sometimes certain
modifications are necessary.

The rate of convergence 18 a coocept of
some Importance to the economiczl use of
finite difference models. The overrelaxation
factor (w) was introduced to speed conver-
gence. Forsytha and Wasow (3) show on
page 257 that, for linear sysctems, as W
increases in value between 1.0 and 2.0,
convergence rate increases untill some maximum
rate 18 reached. PFurther increases in w
Tesult in decreasing convergence rate until
at w = 2.0 there 18 essentially no improve-
ment over w = 1.0. For linear systems,
overestimating the optimum w-value (“opt) is
vsually better than underestimating {t.

Experience with nonlinear models of
unsaturated porous media flow systems
indicates that w,,s cannot be estimated
using the procedures that apply to a geo-
metxrically similar linear system. Further,
Reigenauer and others (8) found that
w > 1.15 led to instability of their model,
that 18, the gsolution did not converge for
larger w. The author's experiemce also
indicates that, for nonlinear systems, the
concept of w,,: should be modified to one of
Wpoprs OY the maximum w-value with which
convergence can be obtained. Apparently,
increasing w toward increases conver-
gence rate. The value of wpy, differs
between cases, that is, between different
combinations of boundary geometry, boundary
hydraulic conditions, Ax,Ay magnitudes and
h-X relationships, and may vary between the
first and last lterations for a given case.
For the several cases Investigated thus far,
its value has been less than 2.0. Im
certain cases of complex geometry, w,,, has
had a value smaller than 1.0.

3Gte&napan,-D., 1973, personal commuunicetion.

The ounly method for approximating Wpgr
seems to be trial and error. This reduces
the econmomic advantage of finding wy,., so
that exhaustive search for its value would
probably be more expensive than simply
running the model with some less exact
value. Because different cases involve
different convergence rates and different
amounts of computational time per iteration,
each user must develop from his own experi-
ence a feel for the amount of crial and
error to be expended in approximating

. He should keep in mind that o
simply influences comnvergence rate; it does
not affect the accuracy of the approximation
to the true h—distribuction unless w,,,. is
exceeded.

For fully saturated flow im which X is
independent of s, equations [1] and [2]
become linear. For such systems, the model
described here also becomes limear, and cthe
methods for approximating w,, ., given In the
references previously ciced, may contribute
to conslderable savings in the number of
iterations necessary for coumvergence.

Digital Computer Model

Model philosophy

The only feasible way to apply equation
{4) iceratively to a small mesh of few nodes
1s by digital compucer. The objective of
the effort reported here was to develop a
computer program for the application of
equation [4] using the iteration scheme
portrayed in equation [5] to the solution of
porous medla flow problems under a varlety
of geometrical and hydraulic boundary
conditions. Hopefully, users with lictle
experience in computer programming and
finite differencing can use the model.

USASI Fortran wasg used to reduce problems
when using the model on different computer
facllities.

To model soil-water movement in all 1its
complexity and to provide for all the
possible contingencies encountered in
hydrologic systems require a complex program
difficult to understand, describe, or
modify. Portunately, considerable lunsight
into porous media flow questions can often
be gained without strict attention to
emylating all decails of the prototype flow
system.

Some details cannot be measured with
great enough precision nor at enough points
in a given system to warrant trying to model
them with great accuracy. For example,
hysteresis effects in the hydraulic
conductivity-pressure head relationships may
exert less influence on the system than the

errors loherent in establishing the relation-
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ships themselves, particularly if chey zare
to apply to flow regions of large extent and
exhibiting spacial variarion.

Again, for larger systems, closely
defining the exact positions and shapes of
a1l bourndaries in the prototype 1a not
usually necessary or possible. In many
cases, satisfactory results can be attained
using only rough boundary approximations.

The computer program, called STDY2, is
documented In appendix A. The following
gections discuss concepts that are helpful
oT necessary to the use of the model.

Solution mesh

The solution mesh 1s represeated in a
digital computer by an array of storage
locations identified with the wvariablie
PEED(I,J). The latter is the Fortran
representation of the variable hj ;
(pressure head at node 1,]) {n equation [4].
Bach atorage locationm corresponds to a node
in the solution mesh. The effect of solving
equation [4) for a given node for a given
iteration is to replace the value of
PEED(I,J) calculated during the previous
iteration with a new, Improved value.

Mesh inerement size is not physically
reflected in the PHED storage array but is
controlled through the use of four Fortran
variables representing &z, Az,, Ay_, and
By 4

Through use of the Fortran EQUIVALENCE
atatement, the HEAD(I,J)-array corresponding
to hydraulic head a; j) replaces PHED(I,J)
at certailn stages of ﬁrogram execution, thus
avoiding the need for an additional storage
array. .

A gecond two-dimensional storage array,
with a location for each node of the solu-
tion mesh, ig occupied by BCON(I,J). The
latter represents Ki i the hydraulic
conductivity. *

A fundamental concept necessary to
understanding model control is that the
model proceeds from an Initially guessed
array of PHED(I,J)-values by meang of a
series of ilterations to a golution array of
PHED(I,J). One may view the PHED-array at
the end of any iteration as the initial
guess for all the iterations to follow.
Therefore, a computer run can be interrupted
and reatarted without loss of significant
computer time 1f the PHED-array at the time
of interruption can be returned as the
initial guess when restarting.

Boundary geometry

Two characteristics define boundaries,
their geometric shape and their hydraulie
condition or starus. To avoid excessive

complexity and programming, the model was
designed with the restriction that bounda-
ries must cross rows and columns of the
finite difference mesh ar the nodes.
Because the mesh 18 rectangular, boundary
shapes must be composed of sgtraight-line
gegments. Usually, these segments will
colneide with portions of rows or columns,
but placing them at an angle is possible by
adjusting the relative size of horizontal
and vertical mesh increments in the region
crossed by this boundary. In a square mesh,
for example, a boundary at a 45° angle will
cross rows and colummns only at thelr inter-
section nodes, as desired. Curved boundaries
may be approximated in stajrstep fashion.

Solution mesh
and the cartesian coordinate system

Various data involving geometric infor-
mation must be gilven as punchcard inmput for
control of the model in a computer. The
user will understand how to determipe
nmumerical values for these data if he thinks
of the cross section of interest as being
placed in the Cartesian coordinate system
and the solution mesh superimposed thereon.

In 2 computer, control of the model is
accomplished using the variables I and J, so
the soiution mesh must be placed on the
model cross section in such a way thac I and
J may be calculated from z— and y-measurement
This means that a column of nodes which is
fixed in space and whose I-value is kmown,
regardless of Az, must be i{dentified and
related spatially to the y-axis of the
Cartesian coordinate gystem. The same may
be said for a row of nodes in the context of
the r~axils. Rows and colummsa coincident
with boundaries of the cross section are
fixed gpatially, and the top and left-hand
boundaries, if straight lines, may be made
to coincide with the z- and y-axes of the
Cartesian coordinate system. Even 1f a
boundary 1s complex, ome or more of its
straight-line segments may be made to coincid
with an axis, as in figure 1.

Because I and J can take on only non-
zero, positive values, and recalling that J
is positive downward, a cross section must
be contained entirely within quadrant IV of
the Cartesian coordinate system. Thus,
proper model control requires that the
uppermost straight-line segment of the upper
boundary of the cross section be made to
coincide with the x-axis and the leftmost
straight-line segment of the left boundary
be made to coincide with the y—axis. The
type of boundary comdition to be applied 1s
of no consequence in these conslderations.
The solution mesh will be adjusted by a
computational algorithm in the model without
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loss of correspondence between z,y and I,J
if the top row of nndes or the left-hand
column of nodes, or both, must be imaginary.
Fguation [1l] was formulated for y positive
upward, and this should be kept in mind for
such purposes as assigning positive or
negative sign to a surface boundary flux.
But, to require that y-measurements for
geometrical control be gilven a negative sign
may lead to frequent errors of omission.
Therefore, the model is programmed co
accept positive y-measurements even though
they are made downward from the r—-axis.

Hydraulic boundary conditions

The model simulates hydraulic boundary
condicions of the following types:

1. Hydraulic head on any boundary (may
vary hydrostatically along vertical
boundaries).

2. Steady flux across soil surface
boundary only (infiltration or evapotrans-
plration rates).

3. Impermeable condition on any boundary
(may also be the vertical streamline boundary
between two halves of a symmetrical flow
region).

Type 1 is the so-called Dirichlet boundary
condition. Types 2 and 3 are each imple-
mented in terms of the hydraulic gradient
perpendicular to the boundary, called the
Neumann boundary condition. Many porous
media flow regions have boundaries that are
combinations of the Dirichlet and Neumann
types and thus belong to the general classi-
fication of mixed problems (in the context
of elliptic partlal differentiz) equations).

A unique solution 18 assured for Dirichlet
and mixed problems but mot for the Neumann.
Greenspan (4) and Remson and others (7)
note that nonuniqueness of a Neumann problem
1s limited to an upknown additrive constant.
Thus, h' = h + ¢ would be calculated with ¢
unknown so that the A-X relaticaship could
not be used. Therefore, art least part of
the boundary of any porous media flow model
must have 8 known pressure head.

Neumann—-type boundaries also have the
disadvantage that their implementation in
finire differences can only be doune by
approximation. The resultant errors add to
the errors fmherent in the finite differ-
encing technique. In general, the greater
the proportion of Neumann~type boundariesg,
the greater the model error. Thig can bde
partlally overcome by using smaller mesgh
increments near such boundaries. %

45ce footnote 3, page 5.
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Later discussion will be clearer if the
user understands that the h-values at all
nodes except those on imaginary rows and
columns and nodes on h-specified boundaries
are calculated by means of the same version
of equation (4]. To implement Neumaun-type
boundary conditions, the proper h-values at
imaginary nodes are calculated and assigned
before solving for h at the boundary node.

The equation by which a flux boundary
condition is applied at the soil surface is
derived from Darcy's law as

v
= .. - + —
gL = Mg T 820 D) (6]
where » = flux (LT_l)
Az = vertical separation between nodes
1,j-1 and 1i,3j+1
= cos @ (Ay_ + byy)
K, = average hydraulic conductivity
..+ K.
K tK it K n
- 3
When v = O, equation [6] reduces to the

equation for calculating h for an impervious
surface,

Dirichlet-type boundary conditions are
implemented by assigning h-values at appro-
priate nodes and making certain that
equation (4] is not processed for those
nodes. The procedures for this are ocutliped
in the next sectiom.

In cages where a water table (zero 1isobar)
intersects such a pervious boundary exposed
to the atmosphere as the bank of a stream or
ditch, a surface of seepage develops. The
boundary above the surface of seepage, being
a boundary to am umsaturated zone, 1is
usually considered impermeable for modeling
purposes. Water leaving the flow system
across the surface of geepage is asgumed to
run down that surface as a thin film. The
latter is usually considered, then, to form
a8 saturated boundary with a pressure head of
0 em of water.

The position of a water table 1s usually
not known before modeling and, thus, the
limits of the surface of seepage are not
known. Considerable checking and cross
checking would be necessary to determine
thegse limits by means of the model, and part
of these checks would have to be made for
all boundaries under all conditions. The
model was not, therefore, designed to
determine automatically the position of a
surface of seepage and, thus, will not
determine automatically the correct shape of
a water table which 1ntersects 2 pervious
surface exposed to the atmosphere.

Where a surface of seepage 1s expected,
the following procedure will approximate its
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correct limits and, thus, the correct shape
of the water: table:

1, Assume the position of the zero isobar
intercept on the boundary and assign an
impervious coudition to the boundary nodes
above and a zero pressure head condition to
the boundary nodes below.

2. Run the model to obtain the solution
for the given boundary conditions.

3. When the solution shows .positive
pressure heads at boundary nodes above the
assumed intercept, move the intercept higher
and run again with boundary conditions
revised accordingly.

4, When the solution shows no positive
pressure heads above the assumed intercept,
it may have been placed too high. This
possibility should be checked by lowering
the intercept, revising boundary counditions,
and running again.

5. The best location of the intercept is
the lowest node for which the solution does
not show positive pressure heads on the
boundary above the Intercept.

Subdivision of flow cross section

The key to making this model flexible
regarding boundary geometry and boundary
conditions is the concept of subdivision of
the cross section. The parameters defining
subsections are used to describe the geometry
and boundary conditions of the cross section
to be modeled. Specifically, they

1. Direct the flow of the program so that
only appropriate nodes are processed by
equation [4}, that 1s, nodes outside the
boundaries or om h-specified boundaries are
not processed.

2. Control the calculation of h for
nodes on imaginary columns and rows before
applying equation [4] to the neighboring
Neumann~type boundary nodes.

3. Cause the program to apply known or
calculared pressure heads at nodes on
h-specified boundaries.

There are two sets of subsections, one
for rows and one for colummg. The descrip-
tion of one suffices to describe the other.
A given row subsection, for example, con-
tains a group of rows which are ldentical
from the program processing standpoint.

That is, processing gtarts on the same
column and ends on the same column. Begin-
ning and ending.boundary conditions are the
game. Other such considerations as variable
Ar and Ay and soil unit geometry do mnot
affect the selection of subsections.

Consider, for example, figure 2 that por-
trays a half cross section of a typical
septic tank disposal line. (4 similar cross
section will be modeled in the sample
problem given later.)

Boundary AB represents the soll surface
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Figure 2.--Half seccion of septic cank disposal field
indicating finice difference mesh overlay.

and may have applied to it any of the three
types of boundary conditions mentioned.

Boundary 8C may be a line of symmetry,
hence a2 stream line, if the dispossl field
has several lines. When there 1is only one
tile line, 8C may be arbitrarily positioned
or positioned by trial and error at such a
distance that further outward movement
affects rhe golution little in the region of
the tile line—in effect an infinite boundary.
In elther case, the hydraulic gradient
normal to the boundary would be given a
value of zero (0).

Boundary CD may represent a water table
by applying_to it a zero pressure head.
Boundaries DE and |A are boundaries of
symmetry and, therefore, have zero normal
bydraulic gradients. Boundary EFG
represents a crusted infiltration zone,
point G being at the approximate level of
the fluid in the gravel-packed trench. The
crust dissipates a large fraction of the
head in the trench 80 that negative pressures
are maintained on the soil side of the
crust. In the absence of infiltration
across the soll surface and the development
of a saturated zone in proximity to it,
boundary GHI| acts essentially as an
impermeable boundary, so a 0 gradient may be
applied to it.

Pressure_heads at nodes on h-specified
boundaries CO and EFG are held comstant;
hence, these nodes must be eliminated from
processing by equation [(4]. Pressure heads
at imaginary nodes are calculated by special
equations, and those at nodes inside the
noteh (parts of rows 7 and 8) are not part
of the solution mesh., All these nodes must
also be eliminated from procesging by
equation (4]. They are eliminated by
failing to include them In subsectioms.
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The first subsection consists of rows 2,
3, 4, and 5. Processing of these rows
starts on column 2 and ends on columm N.
For each row, the beginning boundary con-
dition 1is 3h/3z = 0 and the ending
boundary condition is 8h/3z = 0. Although
row 2 and part of row 5 are themselves
boundaries of the Neumann type, equation [4]
is applied at each node on them just as it
is at each node of rows 3 and 4 and the
nonboundary part of row 5. This group of
rows, then, forms a subsectilon for which the
following parameters may be given as input
to the model:

1. Flrst row number
2. Last row number

3. Colummn on which row begins

4, Column on which row ends

5. Boundary condition at begimning of row.

6. Boundary condition at end of row
Noce that the first four items specify the
first and last nodes in each mesh direction
at which equation [4] 1s solved. Although
row and column numbers have been mentioned
for illustrative purposes, actual input
data, as discussed in appendix A, are in
terms of measured distances.

The beginning and erding boundary coundi-
tlons on row 6 are the same as on the
precedipg rows, but processing begins on
column 6 instead of columm 2, So, row 6
musSC Start a mew subsection.

The beginning boundary condition on row 7
is a specified pressure head. This is
differenc from the boundary condition on row
6 and also causes processing to begin on a
different column. Either of these circum-
stances makes placing rows 6 and 7 in
different subsections necessary. So, row 6
forme a subsection by itself. Row § has the
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Figure 3a.--Row subsectioning.

same characteriscics as row 7. The firsc
few nodes of row 9 are part of a boundary,
as In the case of row 5. But, 1in this case,
the boundary portion 1s of the h-specified
type and g0 equation [4) must not be applied
to them. However, the portion of row 9 that
1s to be processed has the same characcer-
istics as rows 7 and 8, 50 these three form
the third subsection.

Rows 10 through M-1 have common character-
isticg and form a fourth subsection. Row M,
being a pressure head-type boundary, must
not be processed, so it is not part of any
subseccion.

Row subsectioniug is illustrated in
figure 3a. Column subsectioning proceeds
using che same criteria as row subsectioning;
an example case is illustrated im figure 3b.

As stated earlier, under the finite
difference scheme used in this model,
prodessing should be from left to right
along rows and from the top to the bottom
rows in succession. This 1s what happens,
with no further user c¢ontrol, within a
subsection. But the order im which sets of
subsection parameters are given in the
punchcard data deck specifies the order in
which the several reglons of the cross
section are processed. Therefore, the user
must be careful in arranging the order of
these sets.

The significant concern here is that for
any iteration no node should be processed
before the node above it 1is processed. For
example, if figure 2 is rotated 90° clockwise,
30 that the motch is vertically oriented,
the column subsections of figure 3b will
become row subsections. The long subsection
IV would underlie subsections II and III so
that boch of these must be processed before
subsection IV.
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Figure 3b.--Column subsectioning.




" points.

Column subsectlon data are used only im
setting boundary conditions, and the order
of subsectioning 18 arbitrary.

The model is provided with the faecility
for setting hydrostatic boundary cornditions
along vertical boundaries. The boundary
condition algorithms are flagged in the
program listing in appendix A. If a user
wishes to distribute pressure head in some
other way, he may remove the hydrostatic
algorithms and substitute others. As an
alternative, he may define subsections whose
boundaries coincide with changes in h, but
this may become quite tedious if h varies
continuously so that each row (or column)
must form a separate subsection.

A boundary not parallel to ome of the
Cartesian coordinate axes involves a number
of rows and columns of differing length.
Each row and column then would form a
separate subsection.

Soil units

A cross section may be composed of
geveral different spil units. The bound-
aries of these units may have complex
geometry and are given in punchcard input as
straight-1ine segments. Unlike the cross
section boundaries, soll unit boundaries
need not intersect rows and columns at node
However, the program will convert
the straight~line input data so the unit
boundaries are represented in stairstep
fashion during procesgsing. Each soil urnit
is considered homogeneous, and a single h-k
table or equation must be Included im the
punchecard input for each.

Computer program

The program called STDYZ2 will be dis-
cugssed in later sections as a source deck of
punched cards. The program listing, a flow
chart, and a glossary of variables are gilven
in appendix A. Not shown are the Job .
control cards which must precede and follew
the program. These vary among computer
facilities, and pertinent details may be
obtained from consultants at the particular
facility being used.

As noted earlier, USASI Fortran was used;
but certain features of the program will
require modification according to the
computer facility being used. Again,
facility consultants will be able to advise
on the exact nature of the modificationms
needed. Program statements most likely to
need modification are identified in the
listing given in appendix A and discussed in
a later section.

Model Control and Options

Case termination

A model run consists of execution of the
program listed in appendix A together with
input data and required job control cards.

A given run may process, im sequeance, a
pumber of different cases or problems. A
given case or problem ig defimed by a unique
combination of geometry, boundary conditions
and soil properties.

Telling in advance how much computer time
will be required to reach comvergence for
any given case 1s not possible. Yet, on one
of the job control cards, one must usually
specify a period of time which, when elapsed
will cavse the run to be automatically
rerminated. Progress made on the case thus
far would be lost Iif one underestimated che
time required.

The input Fortran variable ESTIME is used
to prevent loss of the PHED-array, provided
the user wants 1t saved, when the elapsed
computer time is close to exceeding the
limit estimated for the case. KARPCEH,
discussed later, is used to effect saving
the PHED-array in punched cards or om
magnetic tape in the event that ESTIME is
exceeded. These data may then be used ro
restarc cthe case in another run. The time
limit on the job card should exceed ESTIME
by a smzll amount to allow for job compila-
tion, for recording the PHED-array, and for
the time interval between ESTIME checks.

The time interval between ESTIME checks
depends upon the value of INTPRT, a varilable
equal to the number of iteratiouns to be
processed between each time check. Experi-
ence with the model at a particular computer
facility will give a user a basig om which
to estimate ESTIME and job card time.

In a multicase run, an ESTIME value must
be given for each case, 8o the job card time
mist exceed the sum of the ESTIME values.

If one case exceeds its BSTIME value, the
run will continue with the next case after
recording the PHED-array, if desired, of the
case scopped.

The {nput variable ITMAX is the primary
control variable for case termination. When
starting a new case, it i8 given the value
of the number of iterations to be processed
for that case during the first run. When
restarting a case, ITMAX should be equal to
the number of iterations to be processed in
the new run plus the iteration number
corresponding to the restart PHED-array.

One camnot predict in advance how many
iterations will be needed for convergence,
so ITMAX 1s a guess. The user may not want
to set ITMAX to reach complete comnvergence,
because he may wish to change the
overrelaxation c¢onstant occasiomally.
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ITMAX is checked at the same frequency asg
ESTIME. When ITMAX is exceeded, processing
of a case stops, The final PHED-array msay
be obtained in punched cards ot on magnetic
tape 1if desired. Again KARPCH effects this
saving. ESTIME is a backup to ITMAX and
only stops the case 1f the user has under-
estimated che amount of computer time
necessary to process a number of icerations
equal to ITMAX.

ITMAX also controls the segmentation of a
case when a predetermined set of changes in
the overrelaxation factor Is deslred. Its
function in this regard will be discussed
later.

Initia] PHED-array

When congidering a particular case for
the first time, one usually has only a rough
idea of how h 1s discributed over the cross
section. Computational savings might be
more than offset by the cost of keypunching
an approximate initial PHED-array. The
model has two alternative routines for
initializing the PHED-array in che absence
of read-in data. In one routine, PHED is
given the same value at every node except
those on h-specified boundaries. This value
15 given by the user as cthe fnput variable
PHEDS. This routfime 18 used for a case 1if
the user gives the input variable INISIG the
value 0. Any other value causes the
alternative routine (below; te be used.

The other rourine assigns PHED-values
that are distributed smoothly in a direction
parallel to the y-axis of the Cartesian
coordinate gystem. It uses the iInput variable
ELEV, which 1s defined in appendix A. This
provides a starting estimate of the PBED-
distribution that may have some advantages
vhen the flow system is essentially one of
drairage toward the water table.

The more closely the Initial PHED-array
approximates the converged (solution) array,
the fewer the iterations needed for conver-
gence. If, somehow, one has an initial
PHED-array from which to start, it may be
glven as part of the imput data via eilther
punch cards or magnmetic tape. Thig, 1in
effect, occurs when restarting following a
run that has not reached convergence.

When the PHED-array 18 to be initialized
using data on cards or tape, the input
variable KAREAD must be given the value 1.
Any other value will cause one of the two
other options discussed to be used.

When an input PHED-array 1is im punch
cards, then the input variable IFILE must
have the value 0. Data on a magnetic tape
are arranged in 'files," one PHED-array to a
file. For-each restartlng case of a new
run, IFILE must be assigned a number repre-
senting the position on the tape of the

i

restart file to be read. Determination of
this posirion is dependent upon whether
preceding files on the same tape have been
used by an earlier case of the same runm.
IFILE 1s defined in detail, and its use is
illustrated in appendix A.

Pressure head—
hydraulic conductivity relation

The program includes a table look-up
routine as ome means of determining hydrau-
1ic conduccivity (X) as a function of pressure
head (k). Linear interpolation is used
between tabulated values. Alternatively,
the user may insert into the program his own
routine for solving an equation of the type

K = X(h)

The position for this insertion 1is noted in
the program listing, appendix A. READ
stacements for parameter input may be
inserted at the same place or among the
other READ gtatements at the beginning of
the program.

The program 1s set up for the insertien
of only one equation. When a user wishes to
use equations for several soil units, he
must add the logic necessary to change
equation parazmeters or the equation form
from unit to unit.

Soil property data are given in g multi-
ple card group of leader cards followed by
one or more subgroups. Each subgroup
contains the %-X data and coordinate daca
from which the geometry of the soil unit
lower boundary may be specified. The first
leader card specifies the number of soil
units and contzins a signal variable. The
gecond leader card gives the number of A-X
entries, NUMLIN(NS), in each table and the
number of breakpoints in che lower boundary
description, NUMBRK(NS), where NS = 1, 2,
.+ «, 5 1s an index for identifying soil
units. Appendix A gives a more detailed
definition of these terms. When the h-X
relation for a soil unit 1s given in equa-
tion form, then NUMLIN(NS) is given the
value 999.

The signal variable KHPRNT on the first
leader card 13 given a value other than 0
when the user wants to obtain & printout of
the hydraulie conduccivity assigned each
node before setting boundary conditions at
the beginning of a run. This feature may be
used to check for correct positioning of
s61l units in the solution mesh. Note chat,
because the K-artay 1s printed before
boundary condition setting, K-values at
imaginary nodes do not necessarily correspond
to the h-values at those nodes.

Use of KHPRNT # 0 during restart results
in a meaningless X-array. It produces 2z
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useful array only when the processing of a
case 1s being initialized or if MCHNGE # 0.
1f, during computation, h becomes smaller
than the smallest % in the table, the case
will be terminated after printing information
helpful in locating the problem node. For
some cases, however, the first few lteratioms
produce overshoot with subsequent iterations
converging smoothly toward a solution.
Terminacion of such a case may be avoided by
adding to the table an h-X pair for which h
is smealler than the overshoot values. The
value of NUMLIN(NS) must then be increased
by 1. Of course, 1f the converged solution
contains sZ-values outside the valid range of

the table, 1t is considered a faulty solution.

Because h-K tables usuzally occupy a
number of cards in the input and because
more than one case may involve the same
soill, the option of avoiding reading im a
new table every time the processing of a
different case begins is convenient. The
input variable KTARLE, when given the value
1, causes a case to use the h-K table
already in storage and used during the
processing of the prévious case. Any other
value of KTABLE causes the case to read and
store a new table. The first case of a run
musgt, of course, have RTABLE = 0 or some
value other than 1.

Overrelaxation factor

As mentioned earlier, the optimum (maxi-
mum) value of the overrelaxation factor
(Wngz) can be determined for this nonlinear
model only by trial and error. This could
be accomplished by running a series of
separate cases, each with a small number of
iterations and each with a different value
of the overrelaxation factor (w).

Processing one case as a series of
segments of a few ilterations each (say 20 to
50) where each segment has a different
w-value i8 more ecomnomical than processing &
series of individual runs. The PHED-array
at the end of one segment gerves as the
inirial PHED-array st the beginning of the
next. Thus, when one has determined the
value of w, .., considerable convergence has
been achieved.

Segmentation is accomplished by giving
the input variable NOMEGA a value other than
0 and by adding sgegmentation cards. to the
input deck, as outlined in appendix A.
NOMEGA must have the value 0 for a normal,
unsegmented run.

The input variable ITMAX, the main func-
tion of which was discussed previously, is
used to terminate the processing of each
segment and to terminate the segmented case
icself. Values for segments other than the
first are given in the same series of
segmentation cards as are subsequent OMEGA-
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values. ITMAX for each segment after the
first must be equal to ITMAX for the pre-
ceding segment plus the number of iterations
to be performed in the segment in question.
When segments of 30 iterations each are
processed, for example, then ITMAX = 30, 60,
90, . . . for segments'l, 2, 3, . . . .

To terminate a segmented case, an extra
segmentation card must follow that for the
last gegment and must contain ITMAX = 0.

The corresponding OMEGA may be blank or have
any value. As In unsepgmented cases, ESTIME
1s given only once and will terminate che
segmented case (with the option of restart
data in cards or tape) If its value is an
underestimation of the ¢ime needed to
process the total mmber of iterations
wanted for the case.

As noted earlier, in cthis nonlinear model
instability may develop when w > w, .. The
h-arrays at the end of segments in gﬁich w
was too large will not be useful if the
fluccuations covered too great a range.
preserve any progress made toward conver-—
gence, the model stores the PHED-array at
the end of each segment on punched cards or
on magnetic tape, provided KARPCH =1, as
discussed later. The most advanced PHED-
array free of excessive fluctuation can then
be used to restart the case im a later run.

To

Model output -

Model output consists of printed material
and data in punched cards or om magmetie
tape. Examples of printed output will be
given with the sample problem discussed
lacter. The main objective of running STDY2
18 to obtaln distributions of pressure head
(h) and hydraulic head (H). From these two
distributions, one can deduce almost anything
he needs regarding water content and hydraulic
status of the modeled system.

The h- and H-arrays may be quite large,
and the model 1is provided with options to
control their printing. When the input
variable IPSIG 1s glven the value 1, the
initial PHED-array will be printed. Any
other value will suppress printing. When the
input variable ILSIG ig given the walue 1,
the final PHED-array will be printed. Any
other value will suppress printing. When a
case terminates because BSTIME is exceeded,
the final PHED-array will not be printed.
When ILSIG = 1, PHED-arrays will be printed
after processing each segment of a segmented
cage.

Imaginary rows and columns are printed in
the PHED- and HEAD-arrays. Nodes on imagi-
naty cclumng do not reflect the hydraulic
condition of the neighboring boundary col-
umns. Nodes on lmaginary rows have values
that are dependent on Neumann—-type boundary
conditions along the neighboring boundary
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rows. For example, 1f a top boundary row 1is
impermeable, HEAD-values at imaginary nodes
above it will be equal to the HEAD-values at
the nodes on the first row below the bound-
ary. If a top or bottom boundary is partly
Neumann and partly Dirichlet, then the
imaginary nodes next to the Dirichlet bound-
aries will have meaningless values. One
should keep iIn mind, then, that the real
boundaries within a PHED- or HEAD-array may
coincide with row 2 and column 2 and with the
next to last row and the next to last column.

The final PBED-array at the end of a run
may optionally be obtained in punchcard or
magnetic tape form. For convenience, these
data are called restart data in this report.
These data may also be used as input for such
other programs as convergence checking
discussed later or machine plottipg to
produce 1sobars or to comvert h to ¥ for the
purpose of plotting equipotential lines.

When the imput variable KARPCH is given
the value 1, restart data on punched cards or
magnetic tape will be obtained. Any other
value will suppress this form of output.

When the input variable IFILE 1a given the
value 0, the output will be in card form.

Any other value will result in wricing on
magnetic tape provided the proper job control
cards have been included so that tapes will
be mouvnted. Computer facllity personnel must
be consulted for informatiom on tape han-
dling. The user will probably want magnetic
tape for storage when the solution mesh is
larger than 1,000 cards for the PHED-array.

E):!
3y 0\{1
W
Ix 0 —>
2 _ 1 o, H|
oy 3x
oR _
h = -30 m‘j ax 0
N 5
B —
3x
h=18= 0.5‘:}
Scate: I T T 1 cm
0 | 2 3
Figure 4.--Sample problem flow regioen with boundary
conditions.

Sample problem

A small-scale, porous media cross section
that has a geometry similar to that of
figure 2 was modeled as an example. It,
along with the boundary conditions, 18 shown
in figure 4. The small scale was selected so
that a user may, at small expense, verify the
operation of the model on his computer.

Pigure 5 shows the input data in a con-
venient assembly format. The input variables
are defined and discussed in dectail in
appendix A. Before going further with che
exsmple, the reader should familiarize
himself with chat appendix.

The sample solution was accomplished in
two runs. One run initialized the problem
and was segmented to try various overrelaxa-
tion factors. The second run was an unseg-
mented restart of the firsc; its w-value
having been assigned on the basis of the
firgt run's results.

The input data deck for the initialization
run consisted of card groups 1-12 and card
group 1l4. Card groups 1 and 3 each consisted
of a single card punched with the data given
on thelr value rows im figure 5.

Por the restart rum, card group l4 was
replaced by card group 13. Card groups 1 and
3 were replaced by cards containing the data
of the rows marked "Restart #1' in figute 5.

The printed portion of model output is
illuscrated in figures 6 and 7 which contain
output for the sample problem. Printed
output has three partg: (1) initialization
data, (2) cenvergence monitoring data, and
(3) pressure head and hydraulic head arrays.
When the solution has converged acceptably,
the latter arrays contain the data which
portray the model's estimacte of the prototype
hydraulic regime.

Some data in the inicializacion part of
the output are unmodified inpuc data princed
for che purpose of checking ipput and for
recording a complete description of the
conditions of the case. Other entries are
derived from the iInput data. For example,
card group 2 contains measured length and
depth (in the sample, measurement was in
centimeters because the unitsg of X were
cm/sec) of the cross section of figure 4.
This group also contalns variables which
specify whether an imaginary row or column is

needed at each extremity of the cross section.

Card groups 9 and 10 contain specifications
for Ar and Ay in various parts of the cross
section. Using all these data, the model
determines the total number of rows and
columns needed In the solutlon mesh. These
are printed and identified as MROW and MCOL,
respectively.

Other nmoninput initizlization data given
in the output are of the same type as MROW
and MCOL, that 1s, row and column equivalents

13




Pigure 5.--Input data for STDY2 sample problem. -

DATA SHERT _STDY2 Date _ 3/74 Page )} of 7
Case Susll-Scale Sepcic Tank Hame
Card Grp 1|
Variable ESTIME | RARPAD | KARPCH ITFR IFILE. IPSIC | TISIG KTABLE | MCHNGE
Foxmat F5.0 I35 —— 13
Value 15 9’ 1 0 | 1 0 0
Reatart #1 15 1 1 150 0 1 Q
Card Gzrp 2
Variable LGTR DEPTH SLOPE - | IMGTOP IMGBOT | IMGLSD | TMGRSD INISIG_ | PBEDS ELEV
Format F10.2 | F10.2 F5.2 5 - IS F10.2 Fi0.2
Value 6.00 7.00 0.00 1 ] 1 1 1 0.00 7.00
Card Grp 3
Variable ITMAX INTPRT | OMEGA NOMEGA HNODES IDBLE | NCARDY NCABDX | JGEOM IGEOM
Pormat 15 15 F10.2 I5 » 15
Value 30 1 1.00 1 S 0 3 3 4
Restare $1]| 175 1 1.60 0 S 1 3 3 4 4
Card Grp &
Variable COORDI | COORDJ | COORDI |CU...DJ COORDI | COORDJ |COORDI COORDJ .
Format F10.2 F10.2
Value ¢d 1| 0.00 0.00 6.00 0.00 4.50 3.00 0.00 6.00

Cd 2| 6.00 6.00 |
DATIA SHERT  STDY2 Dece _ 3/74 Page 2 of _7
Case Smali-Scale Sepcie Tank Hame
Card Grp 5
Variable COMENT
Format {20A4)
Value Cd 1| STDY2 20 SOR STEADY POROUS MEDIA FLOW MODEL

cd 2 SMALL-SCALE SEHTIC TANK PISPOSALJ 6 x 7CM| PINER MESH NEAR KOTCH

Cd 3| HOMOGENEOUS SOIL--IIC (TMIL) HORIZON, SAYBROOX, S. L.

Ccd 4 SAHMPLY CASE-— I‘IIA.LIZAT&UN RON

¢d 5 Blank
Card Grp 6
VYariable LUNITS | XHPRT
Pormat 15 13
Value 1 0
Card Grp 7
Variable NUMLIN | NUMBRK | NUMLIN | NUMBRK | NOMLIN | NUMBRK |NUMLIN NUMBRK | NUMLIN | NUMBRE
Format 15 15
Value 37 2

14
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DATA SHEET __ STDY?2 Dete _3/7¢ Page 3 of 7

Cawe Smsll-Scale Septic Tank Yame

Card Grp 8a

Varisble XBRE YBRK XBRK YBRK XBRK YBRK XBRK YRRK

PQLEat F10.2 — F10.2

Value 0.00 2.00 6.00 7.00

Caxd Crp 8b

V:sx.'ia‘l:;l&f___1 PTAB PTAB PTAB PTAB PTAB PTAB PTAB PTAB

Format E10.3 I R10.3

Value Cd 1 | .000+00 (-.300+01 i=.700801 L.BOO+01 L900+01 | —.100+02] -.120+02| -. 130+02
cd 2 ,150+02 |-.160+02 |-. 170402 |.180+02 |-.190+02 | -.210402| -.230+02 |-, 240402
[o: L 250402 |-. 260402 |-.280+02 +-.290H02 F.300402 | -.310+02| -.340-+H02 |- . 380402
Cd 4§ L 400+02 |-.430+02 . 450+02 |-.500402 |-.650+02 | -.680+02| -.770+02|-.100+03
Cd 5 . 300403 [-.500+03 ~.790+03 |-.1004+04 |-.100+11 ]

DATA SHEET _STDY2 Date __3/74 Page 4 of 7

Cage Small-Scale Sepecie Tank Hame

Card Grp 8¢

Variable KIAB ETAB KTAR KTAR KTAR KTAB KTAB KTAB

Farmar £719.13 R10.3

Value Cd_1 926-031 . %32-Q3) ,231-03 1 ,197-03 | ,185-03 | .176~03 | .162-03 |.150-03
cd 2 ,127-03 ] ,118-03| .116-03 ! ,113-03 ] ,110-03 | ,104-03 | .984~04 |.926-04
Cd 3 .903-04 | . 856-04 § .833-04 | .810-04 | .787-04 | .752~04 | .671-04 |.579-04
Cd 4 .544~04 | .498-04 | .463~04 | .394-04 | .185-04 | .162-04 | .104-04 |.116-05
cd 5 ,463-07 | .231-08 | .926-09 | .347-10 | .347-10

Figure 5.--Contioued.
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DATA SHEET _STDY2 Date _ 3/74 Page 5 of _7
Came Small-Secale Sepcic Tank Napme,
Card Grp 9
Variable DYLGTH DELY DYLGTH DELY DYLGTH DELY DYLGTH DELY
Format F10.2 £10.3 | P10.2 F10.3 P10.2 F10.3 [F10.2 £10.3
Value 0.00 1.000 1.00 0.500 5.00 1.000
Card Grp 10
Variable DXLGTH DELX DXLGTH | DELX DXLGTR DELX DXLGTH DELX
Pormat F10.2 F10.3 | F10.2 F10.3 F10.2 F10.3 [F10.2 F10.3
Value 0.00 1.000 2.00 0.500 5.00 1.000
Card Grp 11
Variable STARTY STOPY BBGX ENDX JBETA JETA ECLJY BCRJ
Format F10.2 e ] F10.2 1S 15 ¥710.2 F10.2
VYalue Cd } 0.00 2.00 | 0.00 5.00 L L 0.00 0.00
cd 2 2,10 2.90 | 3.00 §.00 1 1 0.00 0.00
cd 3 3.00 4.00 | 3.10 6.00 0 1 +30.00 0.00
Cd 4 4.10 6.90 | 0.00 6.00 1 1 0.00 0.00
DATA SHERT _ STDY2 Date _3/ 4 Page 6 of 7
Case Small-Scale Septic Tank Hame
Card Grp 12
Variable STARTX STOPX BEGY ENDY IBETA IETA BCUT BCEI FLUX
Format F10.2 —~— F10.2 15 15 ¥10.2 P10.2 R10.2
Value Cd 1 } 0.00 2.90 0.00 2.00 1 1 0.00 0.00 0.00+00
€d 2 | 3.00 3.00 0.00 2.90 1 0 0.00 F30.00 0.00+00
Cd 3 | 0.00 3.00 4.05 6,90 0 0 -30.00 0,00 0.00+00
Cd 4 | 3.10 6.00 0.00 6.90 1 0 0.00 0.00 0.00+00
Card Grp 13
Variable PRED PHED PHED PHED PHED PHED
Formar D13, 6 D13.6
Valpe This is|usually 4 restart deck alraady punched or wriften on magnetic tgpe.
on inicializaciord run: no
on Yestdrt run: uyse restart deck prpduced by| inirialipacion rur

Figure 5.--Continued.
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DATA SHERT _STDY2 Date

3/74 Page 7 of 7

Case Small-Scale Septic Tank

Noame

Card Grp 14 &
Variable OMEGA ITHAX
Pormat P5.2 15
Value Cd 1 | 1.20 60
cd 2 [1.40 90
cad 3 [1.60 120 3 on indtialization run
Cd 4 | 1.80 150
cd 5 | 0.00 a

on restdrt rum: mone

Figure 5.--Concinued.

of measured data. These row and column
equivalents are necessary because the pres—
sure and hydraulic head arrays contain the
values of those varilables In row and column
order but do not reflect mesh spacing and
thus do not reflect z,y coordinate position.
The Tow and columm equilvalents, then, aid iIin
fixing the larter position.

In general, each derived datum in the
initialization part of the output corresponds
directly to an input entry In figure 5. The
single exception is in the output labeled
VARIABLE MESH INCREMENT DATA FOLLOW IN
TRIPLETS AS XYZ2. Where three palrs of values
were punched in each of the card groups 9 and
10, four triplets resulted for each. In each
case, the final triplet specifies that the
last Ay- or Ar—value continues all the way to
the lower or right-hand boundary, that is,
untll J =13 or T = 12 (the values of MROW
and MCOL, respectively).

The flow reglon was subsectioned according
to an earlier part of this publication,
Subdivision of Flow Cross Section. For
a discussion of the measurement of some of
the quantities in card groups 11 and 12, see
appendix A, card group 1%.

The solution mesh with row and column
subsections outlined is shown in figures 8
and 9.

17

Card groups 6-8 describe the soil units in
the prototype. In this case, only ome soil
unit was used, so its bottom boundary coin-
cided with the bottom boundary of the cross
section. Nevertheless, the coordinates for
two breakpoints—the two bottom corners of
the cross section—were nécessary.

In gome previous rups, fluctuations in
presgsure head with the first few iterations
had produced values smaller than -106 en of
water, so the h-X table was extended by the.
addition of a mich lower pressure head
(higher suction).

In figure 5, input card group 4 identifies
five nodes for printing pressure head values
in convergence checking, a procedure explained
later. INTPRT in card group 3 specifies that
the PHED-values at the corresponding nodes
are printed every iteration.

NOMEGA = 1 on the value line in card group
3 specifies that che first run is segmented.
ITMAX and OMEGA, on the same value line, show
that the first segment is 30 iterations long
and that the first w-value is 1.00. Card
group l4 specifies four more segments, each
consisting of 30 iterations and each with 2a
progressively higher w-value.

The convergence-checking data for node
(2,2) 1o figure 6 were plotted as the upper
curve of figure 10. Tic marks above the




STov2

SMALL SCALE SEPYIC TANK OISPDSALs

HCMCGENEOUS SOJL ==11C (TILL) HCRIZICN.
SAFPBLE CASE ——

Figure 6.--STDY2 prinmcouc for first rum of sample problem.

20 SOR SYEADY POROUS MEDIA FLCW ROOEL

6 X 7 CHy FINER MESH MEAR NATCH
SAYERDOX Sala
INIT (AL [ZATICN RUN

ESTIME X JRE 40 KARPTH ITER 1€1LE 1esré ILsIg KTABLE MCHNGE
LS. ] 1 ] o 3 o o [
LGTH CQEPTYH SLOPE IHGTOP 180T IMGLSO IMGRSO INISTG PKEDS ELEV
&.00 7:00 as0 1 ] 3 t 1 Ted ' T.00
1THAX INTPRYT OMEGA NCMEGA NRQOES ICeLE NCARDY NCARDX JGEO N 1GEOM
30 I3 1400 [ S o 3 3 . 4
GECMETRY AND BOUNOCARY COAROITION DATA
WC oL L L]
12 13
FGR ROW SUBSECTYIONS
NsUayY STAAYY STOFY BEGX ENDX JBETA JETA ecL) BCRY
k 0.0 2,00 0.0 8.00 1 1 0.0 3y
2 2.10a 2,90 .00 6.00 1 1 0.0 [.2%]
3 3.00 4,00 3.10 6400 o H -30.00 0.0
4 4s10 6.90 0.0 6400 1 ] 0.0 0.0
nsoay JSTARY JSTOP 1BEG 1ERD
1 2 5 2 11
2 L] & 3 |
3 7 ° b4 1l
- 1o 12 2 11
FOR COLUMN SUBSECTIONS
NSUBXx SYARTX STOPX AEGY ENDY 18EY A IETA acut Bl FLUX
1 o.0 2.90 6.0 2.60 1 1 0:0 Ce0 0.0
2 3.00 3.00 0.0 2.90 1 o 0.0 -30.00 0.0
3 a.0 J.00 4,05 8=90 [ o ~30.00 0.0 0.0
4 3.10 600 0,0 6050 1 o 0.0 0.0 0.0
NSugx 1START 15109 JBEG JERD
1 2 3 2 3
2 & L3 2 -3
3 2 [ 10 12
4 k4 11 2 12
VARTASLE MESRh INCREMENT OATA FOLLOW IN YRIPLETS AS XYIX
WNERE X = KEASURED DISTANCE FROM AXIS IDXLGTN OR OYLGTH)
¥ = FOw OR COLUMN NUMBER {JY ZR 1x)
Z = INCREMENY LENGYH (DELY OR DELX)
VERT1CAL
0.0 2 1.000 1.00 3 0.500 5.00 11 1,000 Y.00 13
HORI ZONTAL
0.0 2 1.000 2.00 ) 0.500 5.00 10 1000 6e00 12
HYDRAULIC CONDUCTIVITY TABLE FOR SOIL UNIY 1
S80TTOM OF UN1T LIES ALONG STRAIGNT LIKES CONNECTING THE FOLLOWING COOROINATES
AS (X.Y] MEASURED FROM AXES
o0.0 T.00 6,00 700
AS COLUNN AKC FOW NUMBER (l,J)
R 13 12 12
v X s 3 ] 3 3
0.0 0.626E-03 -0.1T70E+02 0.118E-03 =04 30DE¢Q2Z C.78TE-0CA -0+ 770E¢02
~C+s300EeO1L 0.332E-03 =0.180E#02 0.113€-03 ~0.310E¢02 0.752E-04 ~0.100€203
~d.TOCE«0! 0.231€-03 =0.190E402 0.11QE-02 -0.340E402 0-671E-04 ~0.3008¢03
~€.,800E20) s (97E-03 =0.210E+02 0.1CAE~03 =-0.3B0E*02 0.579E-0s -0.500€003
~0.900E+01 0.188£-03 ~0.230E302 0.984E~04 ~0.600E+02 0.540E-04 =0.790€+03
-0.100E402 0. 178E-03 =0.240E¢02 0.9268-04 ~0.430€+02 0+40B8E=-00 -0.l00g8204
-0.120E402 0 162€-03 —0.25CE¢ 02 0.WOIE-04 -0,450€+02 0.463E-04 ~02100€¢11
=04330E402 J.150€-03 -0.,260E+402 0.,858€-0e =0+ SO0DE%OZ 0s394E-04
-0.1308402 0.3127€-03 -0.280E202 0.B833E-0a -0.650E+02 0.185E-04
~0,180R¢02 0.1166-03 -0.20CE¢a2 0.810E~04 -0s880E¢02 0,182E=-08

SYAATVING QI1STRIBUYTON OF PRESSURE HEAD
I =¢a8000(D+01-0.800000+01~0,800000+01~0.800000¢01-0.500000¢01~0.800000+01-0,800000401~0.800000901-0.5800000+0]1-0,800000+¢

—0.80000D+01-0.,80000D+01

L,000

L.000

K
Os) D4E~OW
Ot LOE~0S
0. 463E-07
Q,231E-08
0:.926E-09
0,387€-10
C-JATE-10

Z =€ 70C0C0€0L~-Ce70000D#01~0,7000CD+01-0270000020)-0470000D+¥01=-0,700000¢01-0.70000D%0}-0.200000¢01-0+700000+0)~0.70000D*(

~0+7000CD¢0]=0,70000O+0L

J ~0.60000D+01-0,50000D+01=0,60000D+01~0.6000004601-0.600000401-0,600000+01-0.400000+01-0,600000401=-0,600000+01-0.800000+0

~0.4006(D+ 010460000001

4 ©0.E5CACD*01-C.22C0CDY01-0:5530000+01~0.530000¢01-0+630000+01~0,350000401=0,55000D¢01-0,250000¢01-0,55000D0+D1=0,550000¢¢

=€«5500CD¢01~-0+55000D«0)

5 —C.50000D+01-0+500CCD+01=-0,50000D3+3)1-0.300000¢01~-0,500000+01-0:+300000¢01-0,500000+01-0,500000¢01=-0+500000+0)-0,%60000+6¢

=0:500000¢01-0,+500000¢01

& =C.450000401-0,450000901-0.450000+01-0+490000901=0.,435000D+31~0+450000201~0:450000+401~-0+450000+01=0<450000+01=0,450000+0

=044300CD*01-0s450000¢01

7 =C.60000D401~0,40C00D¢01-0.40000D201-0.40000D301~-0,400000+G1~0.300000+02-0,400000301-0.400000+01-0,400000401-0.40000D+3

~04400000+01=-0.400C00% 01

8 =0.35000D+01-0,3500004081-0.350000+01=0.220C0D+0)~0,350000+01-0.300000¢02-04+350000+01=0,350000+01=8.350000+401=-0.3IS000Ds0C

~0.330000+01-0.350000+0}

§ =0:300000¢01-0,300000¢02-0.300000¢02~0.30000D+02-0,300000¢02~0,300000¢02~0.30000D+0:=0.30000D301-0,300000%01-0.30000D¢0

=0:300000401-0,300000+401

190 ~0.,25000D+01~-0.250000901-0,250000+01=0«2350000201=0.250000901-0.250000001-0,25000D001-0.250000401=0.290000001~-0,250000¢0
= 0.250000¢01-0.25C0GD«01

11 =0.200000¢01~04200000¢01-0,20000D¢0]~0.20000D¢01-0,200000901-0.20000D0+01-0.200000+01-0,200000¢01=0,200000%01—-0.20000020
=30.,2060030+01-0:200000+01)

12 =0:100000+01-0.100000901-0+100000401=0.100000+%01-0.10000D%01-0.100000¢01=0,10000De01L=0.100000+01-0.10000D+01=-0.1000600%0:
~C,100000+01-0.10000D901}

33 0.0 0.0 0.0 0.0 D.4 0.9 0.0 . 0.0 0.0 G0

0.0 0.0
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I TERATICN NO.

COBRDINATES AS NEASURED FROM AXES {(X:Y)
a.0 0.0
COUNOINRATES A5 ROW AND COLURN MUMBER ILl.J)

TYER
L]
1
2
3
.
L]
6
k4
B

<
10
[§Y
1z
13
14
[8-3
1YY
17
(2]
19
20
2)
22
23
2a
28
28
7
za
29
30

2. 2

=¢+»700005» 01
=0.70000D+01
=0+700C00401)
=0.200000¢01
=0-700000201
=€.7C0CAWDCI
~0.200000:01
=€a 20000301
=C-70000D401L
=04700520%01
=d.701&3D*01
=0.703420¢01
=0:.706383D40)
=0.7GEA7Be gL
-0-212a40301
~0:7156635+01
=0.72126Dv @)
=0.726340401
=0.731£10%04
~0.7)7£470+01
=0.743890s01
=Ca730450001
=0.757J331B+01
~Ce7€4330+01
=€, 772C6D401
=0,776910+01
=6.,7E8CaDe01L
=0,796560e01
=0.BUS370301
~0d.B14470+01
~0:82387D+01)

RESTARY PUNCHEOD

8,004 9,0
Lis 2 Q. 7
=0.700000¢31 —=0.200000401
=03,70000D+01 -0,4318640001
~0.70000D«01 ~-0,46873D%+01
=0,700000%01 ~0.,5C86360+01
=3.700000+G} =-0.538B90%0)
=0-700620+01 -0,56B814D¢01
~0-70326D¢ 01 —0.,5a3ETO20)
=0.70762D+01 =-0.622360:01
=0.71JEF040) =-0.648230+01
~0472186D40) -Q0.873490¢01
=0.7312€0%0) =3.698020¢01
-0.74163D+0% -0.722(30+01L
~0.783370%0) -0.745930%41
=0.785680%0) -0.7£91310+401
~0,77684D+0) ~0,79245D40)
=0:.792170¢01 -0.8153804+01
=0.80€23D00] -0.838180¢01
-0.3ITTED+ 061 -0,86031D001
=0: 81560D¢ 0L -0.88113D+0}
~=0,8SC73D+01 ~0,901230%0!1
=0.866100¢01 -0.920860+01
=0.881880¢01 =-06.936250+01
=0.892360%01 -0.967940+01
—0401344D401 ~0.97454D401
~0,929540+ 01 -0.959L170+01
=0:928710+01 =-0.100580v02
=0.561900e01 -0.1062100302
-0.978060401 1036204602
-0.994145401 -L08D00402
=04 101010+ 02 -0.108320902

=~04102600%32

~0.10760D%a2

TOYAL CASE TIRE = 0.976000 SECDNDS.
CENTINUE WITH OMEGA = 1,20, [Y™AX = (.13
3) =0,835480¢01 ~0-104850002 ~0.10944D202
AR -0.L4B(SDP01 -0.10711D¢02 -0.11124D¥02
33 -Q.2514BD¢01 -0.109360¢02 -0.11260D002
36 -0.t24839D0401 =5.111390302 =-0.1146104¢02
38 =Q.892210+01 =0.1137T0402 ~3.118190¢02
J& -0a9CASTOFO01 =0.1185910¢062 —0.,117700¢02
37 —0.92843060) -0.118B010002 ~0.11914D+02
3B -0.942770¢0) =0:12008D+032 -0.)120%10+02
39 =(458048D20} =0.12206D+02 -0.1210880¢02
40 =0.STRS54ADe D] ~0.1240104482 -0.12311D402
4] ~C.5CHETIDHOL ~0.123920+02 =0.124340¢02
42 =C€.101240¢02 ~0.127780+02 =0,123510+02
A3 =0.103420¢02 -0.120000%02 -0.126¢40+02
42 =€ 1C2300602 =6, 131370002 —0.18776002
45 =0.10719De0Z -0.13300D¢02 -0.125810+02
46 ~C10908D202 =0,13877T0¢02 ~0.]179640¢02
AT =0»110G8D¢02 ~0.13642D¢02 =0.130840+02
45 -C.112880002 -0.13803D+02 ~0.131810%02
49 —0. 14770002 ~04135600+02 ~0+13275D+02
80 ~C.116250502 -0.14)1140%02 -0.13368D002
51 =Cel18920002 -0 14265D402 —0.)13485D302
52 =C.120380+02 ~0.144130202 -0.133420%02
53 =0.122220602 -0, 14538Ded2 -0.1362BD02
54 ~Q.124040402 ~0.14700D*02 ~0.137120¢02
S5 =C.l23ES0402 =0« 14840002 =D.13T7650+02
56 =Cal27630002 ~D,3149780402 -0, 1 ARTE002
37 ~8.12941D»02 -0.15110D202 ~0,13953Ds02
58 =C.1311680%02 ~0.152430¢02 =0.14030D002
59 ~C.13285D+02 ~0,133710402 ~0.141050s02
60 =0.124€10402 =0.15008D002 =0,14178De02

RESTART PUNCrED

TQTAL CASE TIME m  1.401969 SECONDSa
CONTINUE WITH OMEGA = 1,40 ITHAX = 90
6Y -0.138550002 ~0.186810202 ~0.142540+02
62 -0.138680+02 -0:15B66D+02 =0.14409D¢02
&3 =L. 180880+ L2 —0s16053ID¢02 ~0.14521D+02
G4 =0.1431604C2 -0.16238002 -0.14826D+02
&85 =Q.14859D0+40C2 =0.164818D0+02 =0.14730D+02
86 ~Q,LATSB06C2 ~0.18952D402 ~0.14828D 02
67 -0.18030D0%02 ~0.157610%02 -0.14922Dv02
68 -0-1%2€30+082 -0.165260202 —0.15012D+02
69 ~0,1245306¢02 =0.1Y0&8D¢02 ~0.15097D>02
70 ~0.15720D002 -0.17241D¢32 ~04151780+02
T ~0.,1%594460002 ~0. 17391002 —0,15226De02
72 -0,161690¢02 =0.175370002 -0.153300+02
T3 =C. 163500002 -0, 1T6T70402 ~0.154C10¢02
78 -0,165CT0202 =0.17€13D¢02 ~0.15869D002
75 -0.16822D+02 -0.179440402 -0.152340+¢02
78 —C¢+170330802 ~0.1E0T0D02 -0.15597De02
TY -0,1724\D402 -0.1€81920+02 -0, | 56880+ 02
78 =0.17444D+02 -0.18J090+02 -0.157160+02
TP -0.17644D9C2 =0, 122230+#02 -0,157720e02
80 ~0.178360¢02 ~0-185320402 -0.158270+02
81 ~0.120270302 =0,186280+¢02 -0.15HT90»02
82 ~0,1€210D202 =0.18740D02 =~0,159290+02
83 -0,15308D+02 -0.31HAIIDIDZ ~0.15577D202
a4 —C.18560D¢02 =0-18934D202 ~0.160240%02
BE =0,18727D302 -0.1902€0002 -L0.16C680¢02
84 ~0.188890+02 ~0:19115D¢02 -0.,161110+02
87 ~L. 190460202 =0,192C0D¢02 -0.16153D202
BS =C.191570402 =0.192830v0¢ ~0.16193D+02
89 -0.1G344D¢02 =0.319382D¢02 ~0.162320602
90 ~C.15465Ds02 =0419439D202 -0, 182690902

AMO PRESSURE HEAD AY SELECYED NOOES A4S {DENVIFIED BELOYW

2,50, J.on 040

2, 12

~0.100000+0}
~0:16975D4 01
-0,2328A0+0)
-d.29133D+ 01
=0.313930¢0)
10.1!06!0‘0‘
<0.34284D+01
=0,351430¢01
-3, 357600401
-0.382110+01
~0.36354B0301
-0,36708001
-0.355850+01
=0a37129040)
=0.37222D+01
-0:3733300)
~04374060+01
-0 JYEEEC0L
=0.373190+01
=0:.37553D%01
-0.3758000¢0l
~0.37633D%01
-0,376620%01
=0.,378288040)
=-0.37711D* 0L
~0.377320+01
~0.37731D504
-0.3776a0+01
=0.37783D¢0L
=0.,37798D¢0)
=3.3T78 12001

~-0.378280%01
-0, 378430301
~0.37857D+01
~0+374400¢01
=0.3178A1D0+01%
=0.378210+01
~Ce37042D3 01
=0+379)11D401
-0:379210+01
~04379290¢0%
=0:.37T9300201
~0«379430+0)
=0.379820+401
=0«37958D+01)
=0437964D001%
=0.379490w01
=0,379740201
=0.329700+01
=0.3798304+01
=0.37T9880+401
~04379902D¢01
=0.37903Dx01
=-0.375950+01
={«J8002040)
-0.38005D*01
-0.3800epvo01
-0.360110431
=0.380140+01
-0.33017D+01
=0.38020D+0}

=0,38023D+ 0}
=0,38027D+01
=0.,380300+01)
=(.38033D*01
-0,38033001
={a 320350+ 0}
=L, 3B0820¥01
=0.,380480¢0)
=02380860¢0)
=0.340530401
=€.38056D40)
=0+38038D%01
=0+380600¢01
-0.38083D+0}
~0:38065D%01
=0+38087D+0)
-0+308068040)
=0.330700+01
~0,3806720+01
=0.380720+01
—043E0QTED+01
=£.380T7De DY
-32380720+01)
={2380790D401
~0,380810+0)
~0.38082Ds01
~0,38083ID+0)
-06.38004D201
-0.380860+01
=0.380870+01

Figure 6.--Continued.
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-0.10000D01
=0 1026860001
~0,11184De01L
=0 1192aDe0]
~0.126¢8D001
=-0,1344%De0)
=0,141440501
=0414708D¢01
=80.133800+01
=0.1392IDev01
-0.16819D001
=~0a168760+0)
~0.172930+01
=0:176760201
-0el 8028Dw0)
~0.4)E3530¢0!1

—0«191910+01
=0.184320+01
=0.,1€6656Ds 0)
~0419B564020)
—0.20059D+0}
~0.202410¢01
-0.204110¢2)
~0.20570D¢01
=0420720D301L
~04208610401
-0.205930¢01
0421117040}
-0.212340<01

~0.213130¢01
-0.,21679De01L
=0.,21829D¢0}
-0.21942D401
~8.220840%01
~0e.221630¢01
-0.22294D+01
-0.223890¢01
-0.R22473D401)
-6,2235%5Ds0Q1
~0.226300%0)
=0.227000%01
=04 22787001
~0.228320+01%
-Q0.2284950401
-0422956D«01
-0.230130+01
~0.230890+01
~084231220¢ 0%
~0423173D+01
=0.23223D0+09
=0.232700001
=0.233(40+0}
~0.23339D301%
=0.234020¢0)
=0.234830+01
~0.224830+01
=02235210%01
=0.235380*01
~0.2329302014

=0.237290%0})
-0.237810¢01
~0 23835020
~0:238%10+01
~0.2394000014
~0,23984D¢01
-0.24029%De 01
~0+2406%0401
~0.24108Ds01L
—0.241430403
=0+241770¢01
~8«R4210D¢ 01
~0.24241D%01%
-0.242710201
~0.24299020})
=0 .2432&0D40)
=0 243530+01)
~04243790¢04
=0.244020401
=3.24427Ds 0L
=0.284500+0)
=0,28472D¢0)
~0:244920+01%
~0.24513D301
—-0.248320201
-0 ,245%10D+0)
=0.245648D¢0]
=0424588D %014
=0:,246020001%
=Da.24618D001

6.00

4400,

6,90

it + AR nng_wen -

i
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||
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RESTART FUNCHED

TCTAL

CENTINUE wiTH OMECA =

91
2
91
9a
5
g6
<7
L)
1)
106
100
102
o3
104
La=
108
107
102
109
L0
R] 8
1z
ns
s
e
136
1
13 K]
e
120

CASE TIME =

~0,158430802
=0, 158(00¢02
~0. 166740202

=0,201%40202
~0.203870e¢2
~0.20318D¢02
~0.2CoEBDOC2
—0.205400¢02
=€.21001D»02
=0.211450002
-0.212330+02
-d.214120%02
-0,21%36D4€2
~0,216530002
~0.217¢4D¢402
~D.2188560002
-0.21%680402
~€.220£10402
-8.221890v02
~C.222320+02
~4223€90402
~t.22181D402
~Q.22449D%C2
=0.22%120¢02
~0.225710+02
~0.22626D402
~226780402

-22726D#02
-8.22771DeC2

-d4.228130402

RETTARY PUNCrED

TETAL

CCHYINUE wITH CWECA

>
122
323
' 124
128
126
27
128
129
130
jER
132
133
13
L35
L36
137
138
139
140
141
122
143
1aa
145
145
187
Laa
145
130

CASE TIME =

~0.228570+072
-8.229C20402
-g.2294 D002
~Ca225580002
-€.230820¢02
~Caz2LN80¢02
~0423141D%02
—C«231820402
=C+232160402
~0423247D¢02
-0.23275D%cC2
-0.2325380+02
~0.23320D%02
~0.23340D¢02
~0:23357D402
=C.22372De02
=0423383D+02
=0.23393D0+02
—pa23ac0ODea2
~€22340504C2
=2.234(BO+02
-C1234)00+062
»~€r23410D002
~€-2J4C50002
=¢+234CBD%02
-£.23s 80402
-C.z2ac00¢(2
=-a,234 (BD+a2
~0.234C00%02
€y 2J4 (P00 02

QESTARY FUNCKED

TOotaL

CatE YIvE =

END OF JOB

Figuce 6.—Concinued.

2,8594000 SECONOS.

-0,193230v02
~0,196%00¢02
~0.197890e02
=0. 190020402
-0.20016D% 02
-0.20117D%02
-0.202100002
=0,202%80+02
=0.201790+02
-0.2045504C2
=0.205%5D+402
-0.205510402
=0.206452D402
-0.207(80+02
=0,207300+02
~0.208C70¢02
-0.20852D422
~0.208540+ a2
=3.209330+02
-02205700+02
-0.210040002
=0.210360De02
=0.21088Ds02
=0s210%4Ds02
=0-21120002
~0.211a40¢0a2
~0.211670+02
=~G.21148Ds02
=0.212T8De02
-0.212780¢02

14805 [TMAX = 120

=0,14339D+02
~0,16aCa0v02
=0:16468D+02
-0-143280002
=0.1656306+02
~0.16633D402
~0.16880D+02
~0.)16722D202
~0.186759D402
-0.186752D%02
=0.168220402
~0.16851D402
~04162770¢02
~0e169C2D402
-0.1649250+02
—0.18494T0¢02
~0.16987D202
~0. 16986002
-0,170040v%02
=0-170200%02
~0.17036D¢02
-0.170%0D+02
~0.17063D¢02
~0-17076D+02
~0.17087D¢02
-G, 170580402
~0.171CBD+02
=0a17118D+02
~0.171260402
-0, 171350402

3+389999 SELONDS.

= 1.b0s ITWAX = 1356

~0.212B50202
~0,21Z65D4 02
—0.21317Ds02
=0, 213040402
=0,213600+02
=0.214030%02
-0.214210002
~0.2142EDe02
-0.214510+02
~04214£620002
~3.2147iDe02
=2.214770402
=6,2)4L1D002
=8.214H2DVv02
=0.21481002
~0.214E10+02
~0.2)4E3D8 02
=0+21485D¢02
~0.214E7D A2
~0.21488D+02
=0.R21490D+062
~0.21e900502
~012149004082
~J.214800002
=0.21ALBD¢ 02
=04214£704+02
—0.214K70002
=~Q.E)aHTDeD2
—0.21407D%02
~0-21487D¢C2

~0.171540002
~0-17(710¢02
~0.17188Ds0R
~0.172€40002
-0.1721480+02
-0.172290¢02
~0.17237D%02
=0,17T243D402
-0.17245D¢02
=0»1724504+02
-8.1726a0+02
-0~172450002
-0.172480+D2
=0.17247D¢02
~0.172400¢02
~0:,17251De02
~6.17252De02
-0.17223D+02
=0a172520+ 02
=0.17222D+ 02
=0.172210402
“0.172510+02
“0.172510+02
~06.17251D¢02
-0.172%21Ds02
=0, 172310002
-0-172%10402
-0.172%1D002
=0.172%1De02
~0:17251D202

A, 1635V9 SECCHOS.

curve show where changes in w-value took
place. A steepening of the curve below each
tic showed that each higher w-value resulted
in faster convergence. The other curves in
figure 10 show counvergence for unsegmented
Inspecting the
convergence—checking data of figure 6 shows
that with w = 1.80, there was a slight
tendency to fluctuate in the interval from

Tuns using various w-values.

iteration 141 to iteration 150.

Further

trials indicated that 1.65 was the approxi-
mate Wpyre for this case. Disregarding the
minor fluctuation at the end of figure 6,

though, the PHED-values seemed to have reached

a plateau, indicating that counvergence was

esgentlially complete.

The notation at the end of each sgegment of
convergence—checking data in figure 6 indi-

cataed that restart data were punched on card:
at the end of each segment.
separating punched PHED-arrays, the nodel

=0.380800401
~0.3808%0+01
=0+280900+ 0}
-0+3809200)
=0.380930+01
=0.38005001
=0.380970+0)
=8.380980s01
=0.38102Ds01
=04 361 CAD>0}
=C.38104D<01
~0+38103De01
=0+381C2D401
=0.381050401
=-0.38106De0]
-0,381 060401
~0.381060+01
=0x381C7Dea)
~0.38157De01
-0.38108D+%01
=~0.381 ceDe 01
-0.221090+01
=D.3B109D+01
=~8.38109D+C1

=0.381100#01 -

=~0+JB1) G001
~0+3811004014
~6.381100+01
~0.381110+01
=0.38111D+01

~0-381110+01%
-0.3811104¢01
=0.38142060)
~0.381120v01
~Q-381120+01
=0.381130401
—0.381140+01
~0.38114D¢01
~0. 3811700}
~0.38118De0)
=0.38113D+01
~0.381090+01
=0.381070%01
=-0.38121D¢01
~0-3811704014
=0.38113B40)
=0, 38110+ 0!
-~0.38113D+01
=0.38117D¢01
~0.381140+01
-0-381120+%01
=0, 38113D+0}
=0.38114D+21

~0.381140401.

=-0.38114D20)
=0.381140%01
-0+38118D201
=0.38114D+01
=0.38114D401
~0.38114Ds0o}

-0.24723D401
~3.,28734D4D}
=0,267Y580401
~0.24777T0¢0)
~0.247930¢0)

-0.2aBTTD0]

=0.,268210401
~0-248330+01
=0.248440+01
~0,24856D¢0)
“0-2426T0¢01
~0-28&73D¢0
~0.23867Ds01
~0-248960¢01
=0e249Ce0201
=0.288110¢0]
-0.,24916D+01
=0.289240+401
=0.240)300403
=0.248160201
“0,200410%01
~0.289480+0)
=0.28931060)
-0.249550401
~0.23959De01
—0-2404630+01
-0.24968D301L
-0.249Y0D%01
~0.289210+0}
=0.24973Dv01

~0,25025001
-0:25014aD4a)
~0.250190+a1
~0.25018D¢01
+ 230150401
~0.256110401
~0,25008D+01
~0:23005D¢01
~0+23007D¢01
~04230130+01
=02250170+01
-d.23019De01
~042501T70+0]
=0.255170+01
-0s23018D301
~0+250140%0)
=0.230130+01
=~0,230150+01
=~0:2501%5050)
250155401
~0.250160¢01
~0+.28016D401
=0.230160¢«01
=0+250150304
-0.250150401
~0.25014De21
~0.250140+0)
=0.25015001
~0.250150101
~0.25015De01

To facilitate

punches a card with five asterisks and the
words END OF FILE after each restart deck.

This resulred from the card group 1l data,
RARPCH = 1, and IFILE = 0.
have been written on magnetic tape, had IFIL!
# 0, but an end-of-file mark would not appear
on the tape until the run was terminated.

See cthe discussion for IFILE, card group 1,

These data would

glossary of input variables, appendix A.

restarc run,
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Becauge PHED fluctuatiom near the 150th
iteration was minor, the portion of the
output deck corrgsponding to that iteration
was used as card group 13 for the second or



Figure 7.--STDY2 priantout For second run of sample problem.

STOYZ 2C fDR STEADY POROUS MEDILA FLCw WADEL
SMALL SCALE SEPTIC TANK OISPOSALs 6 X Y CMy FINER MESW NEAR NOTCR
MAQVCGENEOLS SOIL —11C (TILL) WCRIZICN. SAF¥EARDOK S.lL.
SAMPLE CASE =~ RESYARY FROM {YERATIQN 1306

ESTIME XAREAD KARPCH (& £"] IFILE I#81¢ ILSIG KYABLE MCHNGE
15. 1 1 150 a o 1 o L4
LGTH 0EPTH SLOPE HGToe 1MGEOT IMGL SO TRGRSY INIS1G PHEDS ELEV
8.00 7.00 0.0 1 o 1 - 1 1 0.0 7.00
1TuAX INTRAY OMEGA NOREGA NNOOES DB E HCARDY NCARDX Jeeau 1GEON &
178 1 1.60 o F 1 3 3 0 . B
GECRETAY AKD BOUNDARY CONDIY JON OATA 1
mceL WEOW E
12 Lz 4
E
FOR ROwW SUBSECTIONS E
Nsuay STARTY sroey BEGX eNox JEETA JETA acLy 8ERJ :
) ¢.0 2.00 0.0 600 ) 1 0.0 0.0 2
2 2:10 2,90 3.00 &.00 l 1 0.0 a.0
3 3.00 .00 3.10 &, 00 o 1 -30.00 0.0 3
) 4.10 6.%0 0.0 6. 00 1 1 0.0 0.0
RSUBY  JSTART  JSTOR JBEG  TEND
1 H H 2 1t &
2 s 3 [ (1 - &
3 7 9 14 11 {’
. 16 12 2 11 4
FOR COLUMN SUBSECTIONS 1
Nsvax STARTX STOPX BEGY ENOY 1BETA 1ETA -aeul BCBI FLUX
3 0.0 2.90 0.0 2.00 t 1 0.0 0.0 0.0 £
2 3.00 3400 0.0 2.90 1 o 0.0 -30.40 4.0 £
L] 0.0 3.00 s.05 8490 o o -30.00 9:0 0.0
a l.1a 4.00 0.0 6,90 ) e 0.0 9.0 0.0
NSUBX 1STARY  {SYOP  JBEG  JEND
3 2 E 2 s
2 6 6 2 & E
3 2 [ 10 12
4 h 4 1 2 12 F
VARTABLE HESM TNCREMENT BATA FOLLOW IN TRIPLETS AS XVX 4
WHERE X = WEASUREQ DISTANCE FRDW AX1S {DXL&TH O& DWLGTH) |
Y = £0w OR COLUMR NUMBER (JY OR Ix) £
Z = TRCREMENT LENGTH (DELY OR OELX) o
VERTICAL i
0-0 2 1.000 1.00 3 0.500 5.00 11 1.000 7.00 13 1,000 3
HORIZONTAL j
0.0 2 14000 2.00 4+ o.S00 5.00 10 1.000 6.00 12 1.000 1
HYORAUL §C CONDUCTIVITY TABLE FOR SOIL UNIT 1
AOTYOM OF UNIT LIES ALONG STRALGHT LIRES CONRECTING THE FOLLOWING COORDINATES :
AS UX.Y¥) MEASURED FROM 4AXES 3
0.0 7400 ©.00 7.00
AS COLUXN ANO Adw NUNMBER (I.J)
2 3 12 13
|
P b3 L X P x ] LS 2
0.0 0.926E-03 -0 170E402 0, 116E-03 =0.300E402 0.787E-04 -0.770E402 0. 1L06E~04
-0.3DOE+Q1 0.532€-03 ~0.LBOE 02 6. 113E-D03 =0.310802 0.782E-04 -0.100E%03 0.116E=05
=0a708E« Q1 0.231€-03 =0,190€+02 0.1108-03 “~0sJAUENO2 O &8TIE~Da ~0.300E+03 O»e863&-07
=~04+B00E¢01 0.197E-03 ~0.210E+02 0. 104€E-03 ~04380E+ 02 0.379E=04 -0.500€¢03 0.231E=08
- 0.900E+01 0.145E-03 —0.230E+02 0.9QHeE-0A =~0:400E402 0.85448-04 -0.790E+03 04026€-09
-~C.100E*02 0.174E-03 ~Q.240E 202 0.928E-04 -0,430E402 9.49BE-0C =0.100E+0e 0.3478-10
-~0.120E+02 0.1626-03 -D.250E¢02 0,903€-04 -0.450E402 0.463E-04 =0.300E L] 0.347E-40
-0« 130E¢02 0. 150E-C3 -0.260€402 0.8S4E-08 ~0.500€¢02 9.39AE-08
- 0:130E+02 0.127E-03 -0, 2805402 0.E33€-04 =0.6G50E+02 0u18SE-0e
-6.180€¢02 0.118€-03 =0.290E+02 0.BL0E-D4 -d.680€402 0. 162E-0e
[TERATION NO. ANO PRESSURE WEAQ AT SELECYED NCOES A5 [DENTIFI£D BELOw E
COCROINATES 35 WEASURED FROM AXES {(Xa.Y)
04D 0.0 6.00. a.0 .60, 3.04 0.0 600 6,000 6500 2
COGRDINATES AS ROW AND COLUMN NUMBER (l.dJ)
17ER 2 2 1. 2 9 7 2. 12 1. 12
180 =€y 234250002 =0, 21 8270¢02 -3,172510002 —0.381140601 -0.250) SD«01
151 =04238090402 ~0,21387D€02 ~0.172510+02 ~0.38114D¢01 ~0:+2501 SO+0)
152 ~C.234C(5D502 =0.214870902 —0-172510+02 ~0.381140¢01 =0.230150+01
133 =0:234L50002 ~0,21387D202 -0.172216482 -0.38114D+01 —0.28015D+91 i
184 -0.22408D002 ~0.2L4B70%02 =0:172510+02 ~0+3EL140401 ~0y230150+01 E
IS8 —C.234C80002 —0.214870602 =0.172510¢02 ~0438154D%01 -0,28015001 i
186 ~C.234L80002 -0.214ET0902 ~0.172510002 ~0.30114D+0] -04250150%01 [
IBY ~C,234(ED+02 -0.21487D¢02Z -0.172510402 -0.3HLT14D401 -0.250)130201
158 =0,234C80402 =0,214870+02 —0.1T72%1D¢02 -0.301140%01 ~-0.250150301
159 =0:233060¢02 ~0.21487D«02 ~0+172510+02 ~0.381140+01 -0.25015De01
160 —0.234(E80¢02 —0.21387D#02 =0.172B10¢02 -0+368114D+0| —0.25015D+01
163 =0:234080402 —0.2)14870202 -0.172£10+02 -0.38114040) -0.230150404
162 -0,234C80402 =0,21487D+02 ~0,17251De02 -0.3E81140+01 ~0.280150¢0}
163 ~0.234C80402 =~0.214£70902 =04 172510402 -0.381140+01 ~0.250180+01 ¥
164 ~04234C80+02 ~0,214BY0%02 ~0.1728(D+02 -0.321140+01 -0, 230150301 -
368 ~0.234LB0VE2 -0,213670502 —0.17251D¢02 ~0.3681140¢01 —-0.250180¢0) £
166 =0.234C7DIC2 =0.23487D+02 ~9.17251D+02 ~0,36114D+0l -0.280150301 i
IS8T ~0.234C70+02 -0.216470202 =~0-172310+02 =0, 381140401 -0.250150+0) &
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Because w = 1.80 created some fluctuationm
and because w = 1,60 did not, the latter was
used for the restart run. Complete conver-

gence seemed nearly achieved, so the restart

run was allowed only 25 iterations followed
by an additiomal 15 for detailed convergence
comparison. The need for 15 additional
iterations and a second restart deck was
signaled by IDBLE = 1 in card group 3.

Figure 7 contains initialization data,
most of which are identical to those of
figure 6. The exceptions reflect the changes
made in card groups 1 and 3 before restart-
ing. The convergence—checking data show
that, on the basis of the five selected
nodes, more than acceptable convergence was
reached before the 175th iteratiom.

Node by node comparison of the two PHED-
arrays (one at the 175th iteracion, the other
at cthe 190th) shows that the extra 15 iteraz-
tions resulcted im only gix values being
changed by 1 in the fifth significant digit.

Note that, because the left, top, and
right boundaries are all impermeable, the
left-hand columm, the top row, and the right-
hand column are all imaginary. So, in the
PHED- and HEAD-arrays, the four outer cormners
of the cross section are at nodes (2,2),
(11,2), (11,13), and (2,13) with the values -
23.407, -21.487, 0.0, and 0.0, respectively,
in the final PHED-distributioms.

Data im the hydraulic head array of figure
7 were used to plot the lines of equal
hydraulic head (equipotentials) in figure 1ll.
Because of a boundary subject to -30 cm
pressure head located only 3 cm higher than
one subject to 0-cm pressure head, the
hydraulic head gradient was directed from the
lower to the higher boundary. Because the
elevation datum was taken at the 0 presgsure
boundary, H on that boundary was O and
therefore the H-values in che flow region
were negative.

The sample cross section was also runm with
At = Ay throughout the solution mesh for 0.5~
cm and l-cm mesh lncrement sizes. The
equipotential lines of figure 11 almost
exactly duplicated those produced by the 0.5-
cm mesh increment case. For the l-cm mesh
increment, however, the equipotentials in the
upper part of the flow region were irregular
in shape and considerably displaced from
their counterparts in figure 11. One may
conclude, then, that the irregularity in the
equipotential for which F = -17 would prob-
ably disappear if an even finer mesh was
introduced near the notch.

Determination of acceptable convergence

Many hundreds of iterations may be neces-
sary to reach counvergence for large cross
sections 1in which flow is partly unsaturated.

To cause the program to keep track of the
rate of convergence would consume a signifi-
cant amount of computer time. Instead of
incurring such costs, this model requires
user interaction to determine when acceptable
convergence has been reached. As onme aid to
this end, the program periodically prints the
PHED-values for a user-selected set of nodes.
The value of NNODES specifies the number of
nodes selected. Through use of the imput
variable INTPRT, the user may select how
often he wants these values printed.

For example, for INTPRT = 1, the selected
set of PHED-values 1s printed every iteration.
For INTPRT = 5, printing is obtainmed every
fifch {iceration. When the user wants to
suppress such printing, he may give che ilnput
variable NNODES the value 0. But recall that
INTPRT also controls the frequency of check-
ing elapsed time against ESTIME and should be
given a reasonable value even if NNODES = 0.

When selected nodes are printed, conver-
gence rates may be examined by inspection or
by plotting the manner im which PHED at a
node varies with the number of i{terations, as
vas done in the sample problem, If, after
many iterations, convergence rate becomes
slow, testing another set of overrelaxacion
factors may be worthwhile, because the
optimm value found for the early iterations
may not be optimum for later ones.

Selection of the printed nodes should be
aimed at finding the node at which conver-
gence is slowest. Experience with various
‘cases will eventually guide the user in this
respect, but one should probably start by
conaidering a node from near each corner and
at least one from near the center of the
solution mesh. A maximum of eight nodes may
be selected.

Scanning or plotting PHED as a functiom of
iteration number for a few selected nodes 1s
only an indication of how convergence 1is
going. Some cases involving umsaturated flow
have shown seemingly complete convergence in
part of the flow region while iu another part
the PHED-values were still changing appre-—
clably with each additionmal iteration.
HBopefully, one or more nodes in the still-
converging zone would have been included in
the set selected for periodic princting. To
be sure of this, after all the printed nodes
have converged acceptably, one should compare
two h-artajs that are separaced by a few
iterations.

Program COMPAR, documented in 2ppendix C,
vas developed for the purpose of comparing
PHED-arrays. To get two decks for comparison,
a user may restart a STDY2 case for, say, 15
lterations and compare the PHED-distribution
deck obtained with the one produced by the
preceding run. Or, if he thinks he will be
close to convergence at the end of a longer
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run, he may give the input variable IDBLE the
value 1. This will cause the program to
punch the PHED deck (or write it on tape)
when ITMAX is reached, then run 15 more
iterations and produce another PHED~array,
both as written princout and in punchcard or
magnetic tape form. When recording output on
magnetic tape, one should use the IDBLE = 1
method. In this way, he obtains the two
PHED-arrays within one logical tape file.

Experience has shown that a given w—-value
may produce smooth convergence at most nodes,
but cerczin nodes may begin to show insta-
bility as final convérgence is approached.
This will vsually be detected when the
result at the end of an odd-numbered itera-
tion is compared with that of an even-
numbered iteration. If fluctuation occurs
and if the amplirude is too wide, then OMEGA
should be reduced and further convergence
obtained.

The subsectioning facility of the model
may be used to save computer time Lf one
portion of the solution mesh continues to
change rapidly while the rest hzs apparently
converged or 18 changing slowly. In this
circumstance, rows and columns may be identi-
fied which are, in effect, boundaries between
the converged and nonconverged parts of the
solution mesh. These rows and columns may be
congldered as boundaries of known pressure
head on the nonconverged part.

A restart run may then be set up in
which:

). Subsection parameters in input card
groups 1l and 12, glossary of input vari-
ables, appendix A are given so that ounly
nodes in the nonconverged part of the flow
region are processed. The varilables JBETA,
JETA, IBETA, and IETA when on a boundary
between converged and monconverged regions
should have the value 0 for known pressure
head. When requirement 4 below 1is fulfilled,
BCUI, BCBI, BCLJ, and BCRJ will not influence
the golution.

2. Nodes selected under control of INTPRT
should be specified inside the nonconverged
part with one or two of them being located
near the new boundaries.

3. A1l other such geometrical input daca
as overall length and depth. Ar and Ay, and
so forth, remain unchanged from the run that
produced the restart deck.

4, The input variable MCHNGE (card group
1) has che value 0.

5. The entire restart dacta deck, including
the entire PHED-array whethexr on cards or on
tape, is submitted with no changes ocher than
those mentioned above.

Such a restart preserves the input PHED-
valueg at all nodes on the poundary of and
outside the nonconverged part of the mesh
whereas further convergence is obtained in
the zone of interest.
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After reasomable convergence has been
achieved 1n the truncated wmodel, subseccion-
ing data for the complete cross section
should be put back inco the input data deck
and iterations continued until acceptable
overall convergence is reached.

Definition of what constitutes an accept-
able degree of convergence (the maximum
acceptable difference between PHED-arrays)
rests ultimacely with the user. He should
keep in mind chat he 1s running a model.
Regardless of how well successive PHED-
discribucions agree, his solution Is only an
approximation to the actuzl pressure distri-
butlon of the protocype. Besides model
inaccuracies assoclated wich non~zero Ar and
Ay, the complexity of natural prototype
systems and the difficulties of measuring
their characteristics and properties are such
that the modeler will be furtunate 1f he
achieves better than 15- to 20-percent
correspondence between model results and
prototype truth. All he should be striving
for, then, is a reasonable approximation.

Anomalies 1n the Isobar or equipotencial
patterns will sometimes be observed. These
are not necessarily because of incomplete
convergence. For example, if the isobars or
equipotentials plotted from final PRED- and
HEAD-arrays are quite irregular and show
abrupt changes in direction, without physical
reason, the mesh ipncrements may have been too
coarse.

Changing mesh increment size

An auxiliary program, called CARRY and
documented in appendix B, was developed to
facilitate changing mesh increment gize. It
ig useful when one already has a PHED-array
in punched card form and wishes to refine the
solution mesh either 1n total or in some
localized area and then obtain further
convergence without returning to a completely
arbitrary starting distribution. CARRY
produces an output PHED deck with the number
of nodes needed for the refined mesh. PHED-
values at extraneous nodes in the input PHED
deck are eliminarted from the output deck.
PHED-values at new nodes inserted into the
original mesh are interpolated from values at
neighboring nodes in that original mesh. The
output deck, then, portrays the same pressure
head distribution as the ioput deck bur in a
differently arranged solution wesh.

CARRY concerms itself only with nodes
inside and on the boundaries of the flow
reglon. Its output deck does not contaln the
proper values for imaginary nodes. To
restart STDY2 with a deck of CARRY output,
one must give the STDY2 input variable MCHNGE
gome value other tham 0. Thils assures that
boundary conditions are properly set before
further solution begins. For all normal
restarts, MCHNGE should have the value O,
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Model dimensions

The DOUBLE PRECISION and the DIMENSION
statements near the beginning of the program
listing, appendix A, show the number of
values which can be given each array variable
used by the program.
HEAD(60,70), and HCON(60,70) indicate that a
solution mesh can have 60 columns and 70 rows,
i{ncluding those containing imaginary nodes.
NUMLIN(5) shows that a meximum of five soil
layers may be modeled. PTAB(50,5) and
KTAB(50,5) indicate that five h-X tables,
each with a maximm of 50 lines can be read
in.

The user is free, within the limits of
computer storage avallable to him, to change
these dimension values, thus changing the
mumber of columms and rows, the oumber of
subsections, and so on, that can be handled
in the model. When making changes in
dimension, one ghould be sure that dimensions
in all associated variables are changed. ¥For
example, PHED and HERAD are equivalenced, so
that their dimengions must be the same.

Also, every node has associated with it a
PHED-value and an ECON-value, so the dimen—
slons of HCON should be the same as PHED and
HEAD,

Computer facility adjustments

The program listed in appecdix A was
writter in USASI Fortran, so should be
compatible with most computer systems now in
operation. However, each computer facility
has certain unique characterigtics that mist
be considered when implemeanting the model.
Job control cards, not shown with the lisgst-
ing, will almost certainly vary from facility
to facility. In addition, some program
gtatements may also have to be modified to be
compatible with a particular system. The
statements likely to require modification are
flagged in the listing by M1, M2, . . .

The same flag is given for all statements of
like category. They are dlscussed as follows:

Ml.--Precision varies widely. The computer
on which the listing was obtained and the
gample problem run had single precision of
four gignificant digits. TIf a computer with
eipght or more significant digits is used, the
DOUBLE PRECISION gtatement could be removed
to save on storage requirementg. If this is
done, the dimensioned variables PRED and HEAD
should be added to the DIMENSION statement.

M2.—These gtatements pertain to time
monitoring for comparison with ESTIME. Most
computer facllities have a library routine
which may be called to start the clock and
another to return time azeccumulation to the
program. These are often unique to the

For example, PHED(60,70),
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facility and probably will need changing when
implementing this program for the first time

at a given computer center. The routine in
use with the computer producing the listing
of appendix A and on which the sample problem
was run returned time in milliseconds. The
variable TTIME was introduced to convert to
seconds for comparison with ESTIME. Thisg
would not be wanted at a facility where time
1s returned in seconds.

M3.—COMENT is a varisble to which an A~
format applies, that 18, which can give
alpharmumeric informatlon ro a program. This
information ig read in as words of a certain
number of characters each. On the computer
used in connection with this report, a word
contains only four characters (20 words per
80-colum card). The statement under which
COMENT is read 1s such that the total number
of words read 1s specified im the DIMENSION
statement, for example, 100. The PORMAT
statement gives the number of words per card
and the number of characters per word—20A4.
Thus, with COMENT dimensioned with 100, the
computer will read 100/20 » 5 cards. -When
running on a computer that has another word
length, both the DIMENSION and the FORMAT
statements must be changed to reflect the
number of words and the mumber of characters
per word In five 80-column cards. The user
may want to change the mmber of COMENT
cards. If his FPORMAT statement {s compatible
with the computer he 1s using, then a change
in the dimension of COMENT will change the
ounber of cards required.

M4,—In RBAD(S, . . .), WRITE(6, . . .),
and WRITE(7, . . .), the mmerals refer to
the read, write, avd punch units, reapec-—
tively. Omne or more of these numbers may
differ from facility to facility. Because of
the mumber of these atatements, only ome of
each type was flagged. There are usually two
ways to change the numeral assigning read,
write, and punch units. One may replace the
onumerals in all read, write, and punch
statements in the program go that they
conform to the standard assigmments at the
facility being used. The other mathod
{nvolves the use of job control cards to
reassign the read function of the computer
being used to unilt 5, the write function to
unit 6, and the punch functiom to unit 7.

M5,—The two atatements flagged by this
symbol refer to reading and writing magnetic
tapes. Some computer centers have special
and unique routines for accomplishing these
tasks.

The status of each of the above posaible
modifications, as well as questions regarding
Jjob control card requirements, should be
discussed with consultants at the computer
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center. A user gshould also have a consultant different punch combinations on different

check the punching in the source deck of computers. A comnversion routine is often

Fortran statements. Such symbolas as the available for coaverting the punching to a

equal sign or parentheses are represented by form compatible with the machine to be used.
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Appendix A :
STDY2 — The Generalized Steady-State, Two-Dimensional Porous Media Flow Model

appearance in the input card deck, and

The general philosophy and the key con-— (4) an alphabetical glossary of all other J
cepts of the model are presented in the varjables used by the program. :
preceding text. This appendix contains The following program listing contains a
detalled documentation of the computer mmber of flags to alert the user to possible .
program that embodies the model. Included modifications chat may be necessary before §
are (1) a program listing, (2) a flow chart running the medel on his computer. These :
for the program, (3) a glossary of input modifications are discussed in the the
varizbles arranged in’ the order of their text, Computer Facility Adjustments.

Program listing
C STOY2 — STEADY STATE GENERAL GEOMETRY. GENERAL BOUMDARY
[ CONDITICN MODEL. VARTIABLE OELTA X AND Y. LAYERED SLOPING SJILS.
[
C S.:6,R. METHOO
c
C 3718774
<
Cevxex POSSIBLE MOOIFICATICN YYPE Ml,
c
0001 DOUBLE PRECISION PHELU(60.70)4 NEAD(60.70), HEDA+HREQS) XA XCo YA YC
1 VOELTA sAYICYsAX o CXoVBeXErsELEVaAsOs SINALICOSALeXODIST
0002 PEAL KTAB. KAVE. LGTH

c

Cevoes O0SS(BLE MODIFICATICN TYPE M2

[
0003 INTEGER CHKTH

[

Cexxxx POSSIBLE MODIFICATION TYPE M3, i

< i
0004 OIMENSION HCON{6U470) ¢CCKENT(3100) (NUHMLIN(S) (ATAA(SA i
S)e KYAB(S501S)he JY{12)4DELY{12)4EX(12)+DELX{12)JSTART(10D)
JSTOP(10) +[BEGI10) s IENDULI0) e JBETAILI0Y«JETA(LD)BCLI(10)«BLRI(}O
Yo ISTART{10)+1STOP(10}+JEEG(10}»JEND(10).IBETALLO)IETALIO).
BCUT{10)+8CBIL10),FLUX(10)COCGROL(8)CODRDI(B)+XBRR(B¥S)
YBRK{B45) s CYLGTHU12) oDXLGTH{12) »STARTYULIO1,STOPY(10)+BECXI10).
ENDX(10),STARTX(10) +STOPX(10) \8EGY(10)+ENDY{10) (INODE(8)
JNODE(B) «XOU12)«DELK(12) ,KEND{10)  KSTART(10)+sJIBRK(B+5) ¢
T8RK{(8.5) «NUNBRK(S) ,8CL{10)»BCR{10)

[ 3RV W I P U

Text continues on page 40.
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0005 EOUIVALENCE (PHED(1:1)+HEAD(141))
C
Ckeses POSSIBLE MODIFICATION YYPE M2,
c
b 0006 CALL TASKTM
: C
Cesses POSSIBLE MODIFICATION TYPE M4,
C
0oc7 5 READ (Sy10¢ENO=15) ESTIME »KAREAD +XARPCHITER IFILE,
1 IPSIGILSTIG+KTABLEMCRNGE
0008 10 FCRMAT (F5,04215)
0009 Ga TO 25
] c
Cexxxx POSSIBLE MODIFICATICN TYPE M4
c
oci1o 1S WRITE (6,2Q)
0011 20 FORNAT (1HO.1CHEND CF JOB )
0012 sTOP
c
C¥xxxw POSSIBLE MOOIFICATION TYPE M2 —— NEXT TwD STATEMENTS.
C
0013 25 ChXTM=0
0014 TTIME = 0.
001S READ (5+30) t.GTH'DEPTH ,SLOPE,IMGTOP, IMGROT . IMGLSD» [MGRSD .
1 TINISIG.PREDS.ELEV
0016 20 FORMAT (2F10.2+F522vS51542F10.2)
0017 READ (5.35) [TMAXeINTPRAT sOMEGA NOMEGA »NNODES, IDBLE + NCARDY ,
1 NCARDX.JGEQON.IGECM
0018 35 FORMAY (215,F1042:715)
0019 NYCRD = NCARDY
0020 NXCRD = NCARDX .
0021 ALPHA = ATAN(SLCPE)
0022 SINAL = SIN(ALPRA)
0023 COSAL = CDS(ALPHA)
0024 ITHMAXS = ITHAX
0025 IF (NNODES.NE.0) READ (5:40) (COORDI(K) +COORDJI(K) «K=14NNODES)
cc2é 40 FDORMAT (8F10.2)
0027 READ (S£.45) CCMNENT
C
Ceeru¥y POSSIBLE MAOOIFICATICN TYPE M3,
C
0028 45 FORMAT (20A4)
1 ’ 0029 READ {5.:50) LUNITS KHPRNT
0030 50 FORMAY (215)
0031 READ (S5+55) INUMLININS) sNUMBRK(NS)sNS=1,LUNITS)
y 0032 55 FORMAT (1015)
0033 DO 60 NS = 1a.LUNITS
0034 IF (RUNLINUNS) 4EGL.995) GO TD 60
0035 IDUM = NUMLININS)
0036 fOUMA = NUMBRK (NS}
0037 READ (5+65) (XBRKIK «NS),YABRK{KNS)IsK=1,TIDUMA)
0038 IF (KTABLE.EO.1) GO TO 60
0C39 READ (5.,70) (PTAE(ITNS)IT = &, IDUN)
' . 0040 READ (S470) (KTAB (ITWNS)IT = 1¢IDUM)
0041 60 CONTINUE
0042 66 FORMATI(BF10.42)
0043 70 FORMAT (8E10.3)
0044 READ (5+75) (DYLGTH(MY), ODELY(MY) MY = 1 ,NCAROY)
0045 READ (5+75) (DXLGTH(MX) (OELX(MX)yMX = 14NCARDX)
0046 75 FORMAT (4(F10.2+F10.3)) '
ld
Cses CONVERT XoY COCRCINATES TO 1,0 COQROINATES ¥4¥rtesxay
C
0047 NCARDY = NCARDY + 1
oo4e DELY({NCAROY) = OELY({(NCARQDY-1)
0049 DYLGTRINCARDY{ = DEPTH
0050 NCARDX = NCARDX + 1
00s1 DELX(NCARDX) = DELX(NCARDX - 1)
{ 0082 DXLGTHINCARDX) = LGTH ,
0¢53 ELEVS = ELEV
0054 1F{ IMGTOP.EG. 1) ELEV = ELEV + DELY(1)
0css 1F (IMGTOP.EC.1) GD TO 80
28
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0056
0es7
oosa
0c59
0060
0061
0082
0063
0064
006S
0056
0067
oose
0069
0070
0071
0072
0073
0a74
0c7s
0076
ac77
0078
0079
ces0
o061
ocaz2
0083
0cea
ocas
0cse6
ocs7
ocss
0089
0090
o9l
0092
0093
0094
009%&
0096
0097
0098
0C9%
0100
0101
0102
0103
0104
0108
0106
0107
0108
0109
o110
0111
0112
0113
0114
0115
0116
0117
o118
0119
0120
0121
0122
0123
o124
012S
0126
0127

ao
-85

90

sS
100

105

110
118

120

125
130

135
140

145

150
1S5

160

165
170

175

180

185

4Y{1) =1
GO TO 85
Jy(1) = 2
00 90 MYy = 2,ACARDY

IDUM = (DYLGTH(MY) — DYLGTH(MY=-1)) / OELY(MY=-1}

JY{MY) = JY(MY-1) + IOUM

1F (IMGBOTaEQe1) JY(ACARDY) = JY(NCARCY)

MROW = JUY(NCARDY) :
IF (IMGLSD.EQ.1) GO TO 95
IX(1) =1

GO TQ 100

Ix(t)y = 2

00 105 MX = 2.NCARDX

IOUM = (DXLGTH{MX) - DXLGTH(MX—1)) / DELX(MX-1)

IX{MX) = IX(RX—-1) + IDUM

1F( TMGRSD.EN0s1) IX{NCARDX) = IX(NCAROX)

MCOL = IX(NCAKDX)
DO 130 X = L{»ANCDES
SUNX = 0.
MX = 2 3
IF (IMGLSD.,EQ.1) GO TO 110
r=1
GO TO 115
I = 2

IDUM = (COORDI(K) + ,00005) = 1000.

IF (1DUM.EQ.0) GO TO 128
SUMX = SUMX + DELX(MX-1)

IDUMA = (SUMX + ,0000S) * 1000.

I =1 « 1
IF (1 GE+IX(MX)) MX = MX + 1
1€ (IDUMA,GE.IDUM) GO YO 125
GO TO 120
INODE(K) = I
CCNTINUE
DO 155 K = 1.ANODES
SUMY = 0.
HY = 2
IF (IMGTOF.EQ.1) GO TO 135
J =1
GO TO 140
J =2
10UM = (CQORDJI(K) ¢ .00005)
IF (IDUM.EQ.,Q) GD Tg 1S0
SUMY = SUMY + DELY(MY-1)

*

1000.

IOUMA = (SUKY 4+ .00005) % 1000.

4 = J + 1
IF (JeGELJY(MY)) MY = MY + 1
IF (IDUMA +GE.TDUM) GO TO 1S
GO TO 145
JNQDE(K) = O
CONTINUE
NS = 1
IJK = NUMBRK(AS)
D0 185 K = 1.,I[J4K
SUMX = 0.
My = 2
IF (IMGLSD.€0.1) GO TO 165
I =1
Ga 10 170
I = 2
I1DUM = (XBRK(KsKkS) + «00005)
IF (IDUM,EQ.0) GO YO 18O
SUMX = SUMX + DELX{MX-1)

o

* 1000

IDUMA = (SUMX + ,00005) * 1000

I = + 1
IF (TeGELIX{(MX)) MX = MX + 1
IF (IDUMAGE.[DUM) GO TO 180
GO 1O 175
18RK(K«NS) = I
IF (T.EQ.NCOL-1) IBRK(K+NS)
CONT INUE

DO 210 K = 1,1JX

2

MCOL

+

+ 1

1
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0128 SUMY = 0.

0129 MY = 2
0130 IF (IMGTOF.EQ.1) GO TO 190
0131 4 =1
0132 GG TO 195
0133 190 J =2
0134 195 IDUM = (YBRK(K.NS) + .00005) % 1000-.
0135 IF (10UM.EQ.0) GO TO 20S
0136 200 SUMY = SUMY ¢ DELY(MY-1)
0137 IDUMA = (SUMY & .0000S) * 1000.
0138 Jd= a4+ 1
1 0139 IF (JuGE«JY(MY)) MY = MY ¢ L
] 0140 IF (IDUMA.GE.IDUM) GO TO 205
_ 61a1 GO YO 200
0142 205 JBRK(K«NS) = J
0143 IF (J.EQ.NRCW—1) JBRK(K.NS) z MROW
0144 210 CONTINUE
0145 NS = NS + 1
0146 IF (NS.LE.LUNITE) GG TO 160
0147 READ (5,215) (STARTY(NSUBY) .STOPY(NSUBY) .BEGX{NSUBY} +ENDX(NSUBY) s
1 JBETAINSUBY).JETAINSUBY) sBCLI(NSUBY ) «BCRI(NSUBY)«NSUBY = 1,
2  JGEOM)
o148 215 FORMAT(4F1042,215:2F1042)
0149 READ (5,220) (STARTXINSUBX).STOPX (NSUBX)+BEGY(NSUBX)«ENDY (NSUBX) s

1 IBETA(NSUBX )¢ IETA(NSUBX) ¢BCUI(NSUBX) s BCBI(NSUBX)  FLUX(NSUBX 1 »
2 N5UBX = 1,IGECM)
Q1s0 220 FORMAT(4F1062+215¢2F10a24E1062)

0151 DO 222 NSUBY = 1,JGEON
r 0152 BCL(NSUBY) = 8CLJINSUSBY)
01583 222 BCR(NSUBY) = BCRJ(NSUBY)
k 01S4 NSIG = 1

0t 5S 225 GO TO (230+240+2454255)yNSIG
0156 230 ICHK = IMGTOAR

0157 MCT = JGEOM
0158 DO 235 MY = 1 ,NCARDY
01S¢ KDI{MY) = JY(MY)
0160 235 DELK{MY) = DELY(MY)
0161 GO TaQ 260
0162 240 MCT = IGEQOM
0163 GO TO 260
0164 245 ICHK = IMGLSD
0168 MCT = IGEDM
0156 DO 250 MX = 1 +NCARDX

s : 0167 KO(MX) = IX(MX)

p 0188 2590 DELK(MX) = DELX{(MX)
0169 GO TO 280

0170 258 MCT = JGEOM
0171 260 DO 370 NCT = 1.MCT

017z GO TD (265+270,275:280).NSIG
0173 265 SOUMA = STARTYINCT)
0174 SOUMB = STOPY(NCT)
017S GO TO 285
0176 270 SDUMA = BEGY(NCT)
} 0177 SDUMB = ENDY(NCT)
o17a GO YO 2685
0179 275 SDUMA = STARTX(NCT)
0180 SOUMS = STOPX(NCT)
o181 G0 YO 25
0182 280 SDUMA = 8EGX(NCT)
0183 SDUMB = ENDX{NCT)
o18a 288 KSIG = O
0185 SUNY = 0.,
c186 1 =2
0187 IF (ICHK.EQ.1) GO TO 290
oi8a J =1
0189 . GO TO 295
0150 290 J =2
0191 295 1OUM = (SDUMA + +0000S) ¥ 1000, .
0192 IF (IDUM.EG.0) GAQ TO 305
0193 3oo SUMY = SUNY ¢+ DELK{I-1)
0194 IDUMA = (SUMY ¢ .0000S) * 1000
0195 Jd=a + 1

30
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0156
0197
0198
0199
0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
o211
0212
0213
0214
0215
621é
0217
0218
0219
0220
0221
0222
0223
0224
‘0225
0226
0227
0228
0229
0230
0231
0232

0233
023e
0238

0236
0237
0238
0239
Q240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
02S1

022
02583
‘0254
0255
0256

0257 .

L

¥ oa Lt 3
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IF (JaGESKD{I)) [ = 1 + 1
IF (KS1G.NE.Q) GO TO 31U
IF (IDUMA.LT.IDUM) GO TO 300
305 KSTART(NCT) = J
IDUM = (SDUMB + ,0000S) ¥ 1000.
KSIG = 1
GO TO 300 .
3o IF (IOUMA-IDUM) 300.215,320
15 KEND(NCT) = J ’
GO TO 225
320 KEND(NCT) = J — 1
328 GO TO (330.340.350.,360)sNSIG
330 00 335 NSUBY = ] ¢JGECM
JSTART(NSUBY) = KSTART(NSUSY)
33s JSTOPINSUBY) = KEND(NSUEY)
GO YO 370
340 DO 345 NSUBX = 1,IGEOM
JBEG(NSUBX) = KSTART{(NSUBX)
345 JEND(NSUBX) = KEND(NSUBX)
GO TO 370
350 0O 355 NSUBX = )e1GEOM
ISTART (NSUBX) = KSTART{(NSUEBX)
355 ISTOP{NSUBX) = KEND{NSUEX)
60 YO 370
360 DG 365 NSUBY = 1,JGEQM
IBEG(NSUBY) = KSTART(NSUBY)
36s IEND (NSUBY) = KENO (NSUSY)
370 CONT I NUE
NSIG = NSIG + 1
IF (NSIG.LT.5) GO To 225
If (KAREADNES1) GO TO 395
IF CIFILE.NE.O) GG YO 385
READ (543761 ((PHED(L.J)s]1 T 14MCOL)eJ =
375 F£ORMAT ({6013.6}
380 MSIG = O
LF { MCHNGE «.E0,0) GO TO 550
GO YO 420
c

Ckxu¥ss POSSIBLE MODIF ICATION TYPE MS.
c
38S D0 390 ICT = 14IFILE
390 READ(9) PHED
GO TO 380
c
Csee INITIALIZE FPHED ARRAY, t¥s83%x5&x
c
395 IF(INISTG.ED.0)GO TO 410D
ZHED = -ELEV
MY = 1
Jd =1
400 DO 405 T = 1, MCOL
49s PHEDII o+J) = ZHED
Jd=Jd+ 1
IF (J«GT.MROW) GQ TO 420
ZHED = ZHED + DELYINY)
IF (J eEQedY(HY¢1))} MY = MY & 1
GO TO 400
410 DO 41% J = 1 MRCOW
0O 415 I = 1,MCOL
418 PHEDO(I4J) = PHEDS
420 MSIG = O
GO TO 830
c

Cesx SET H-SPECIFIED BOUNDARY CONOITIONS AT ENOS OF ROWS,

c PRIOR TO 1ST ITERATION ONLY. xéksevsssx
C
425 DO 445 NSUBY = 1,JGECM
1JK = JUSTART(NSUBY)
KSTOP = JSTCPINSUBY)
I = IBEG(NSUBY)
LSTOP = IENDINSUBY)
IF [JBETA(NSUBY)~1) 430.432,426
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02s8 426 MY = 2
025¢ 427 IF (1JK.LELJY(NY)) GO YO 428
0260 MY = MY + 1
0261 GO TQ 427
0262 428 Dl 429 J = 1JK.KSTOP
0263 PHED{I-1,J) = BCLI(NSUBY)
02646 IF (JEQaIY(MYI) NY = MY + 1
0265 429 BCL(NSUBY) = BCL{(NSUBY) + DELY(MY-1)
0266 GO TO &32 .
0267 430 DO 431 J = IJK.KSTOP
0268 431 PHED({T—-1+J) = BCLJ(NSUBY)
0269 432 IF (JETA(NSUBY)-1} 4374445.,433
0270 433 MYy = 2
0271 434 IF (IJXLE.JY(MY)) GO TGO 43S
0272 MY = MY & |
0273 GO TO 434
0274 a3s D0 436 J = TJKKSTOP
0275 PHED(L.STOP#],J} = BCR(NSUBY)
oz27e IF (J.EQ.dY(NY)) MY = MY + 1
0277 436 BCRINSUBY) = BCR(NSUBY) ¢ DELY(MY~1)
0z78 GO YO a4as
027$ 437 00 440 J = I1JK.KSTOP
ozao 440 PHED(LSTOP41,J) = BCRJ{NSUBY)
0z81 445 CONTINUE
C
Cssx SET H-SPECIFIED BOUNDARY CONDITIONS AT ENDS OF COLUMNS.
(ot PRIOR TO 1ST I1TERATION GNLY. ksskspassk
Cses SET FLUX ANO [N¥PEAMEAELE BBUNDARY CONDIT LONS AT TOPS OF COLUMNS .
c AFTER EACH [TERATION. $¥¥abkkskx
C
0282 4S50 DO 545 NSUSX = 1,IGECM
0283 1JK = ISTART{NSUBX)
o284 KSTOP = ISTCP(NSUBX)
028S J = JBEG(NSLAX)
0zB6 LSTOP = UJEND(NSUEX)
0287 1F (IBETAINSUBX),EC.0) GO TO 490
o288 NY = 2
0289 460 IF (J—JY(MY)) 470,475,465
0290 A65 MY = MY + 1
0231 60 TO a60
0292 420 DEL = 2. % DELY(MY—-1) ® COSAL
0293 GO TO 480
0294 475 OEL = (DELY(MY-1) ¢ DELY{(MY)) * COSAL
0265 480 DO 485 I = 1JK.KSTOP
0296 KAVE = [HCON(I.J—1) + HCON(TI+J) + HCON(I,J+1))/3.
0297 485 PHEO (T +J~1) = PHED(I,J441) - DEL ® (1. + FLUX(NSUBX)/KAVE)
0258 GD TO 500
0299 490D IF (MS1G.RE.Q) GO TO 545
0300 . DO 495 1 = IJK.KSTOP
0301 495 PHED(IsJ-1) = BCUI(NSUBX)
0302 500 IF (MSIGaNELOY GC YO 545
0303 tF (IETA(NSUBX)«EQ40) GO TO S35
0304 J = LSTOP
0308 MYy = 2
0306 505 IF (J=-JY(MY}) 520,515,510
0307 510 MY = MY + %
0304 Ga YO 505
0309 515 DEL = (DELY(MY-1) & DELY(MY)) * CQSAL
0310 GO TO S2S
0311 520 DEL = 2. % DELY(MY-1) & COSAL
1 0312 525 DO 530 1 = 1JK.KSTOP
0212 s30 PHED(L sJ41) = FHED(TJV-1) + DEL
0314 GO YO 545
0315 s3s DO S40 I = lJUK.KSTOP
0316 540 PHED (1 +.STOP+1) = BCBI(NSUBX)
0317 545 CONTINUE
o318 1F (MSIG.EQ.1) GO YO 1085
C
Cx¥x PRINT HEADING AND INITIALIZATION DATA.R¥wkdswdnd
c )
0319 §50 MSIG = 1
0320 WRITE (64555) CLMENT

"
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[
Ceksx» POSSIBLE MODIFICATION TYPE M3,

C

0321
0322
0323

0324

03258
0326
0327

03238

0329
0330
0331

0333
0334
0335
0336
0337
0338
0339
0340
0341
0342
0243

0344

03aS
0346
0347
0348

0346
0350
0351
0352
0353

035¢

03SS
0356
0357
0358

035¢
0360

0361
0362

0363
0364
036S
Qi6¢
0367
03648
0369
0370
0371
0372
0373
0374
0375
0376

i
]
s

£€5 FOAMAT(1H1,2044/(2044))
WRITE (6+560)

560 FORMAT (1HO+OFESTIME SXa6HKAREAD SX+6HKARPCH SXs AHITER SX.
1 SHIFILE SX,SHIPSIG SX+SHILSIG SX.6HKTABLE S5Xe6HNCHNGE )
WRITE (6.565) ESTIME,KAREADyKARPCH.ITER. IFILETPSIG,
3 ILSIGvKTABLE +MCHNGE :

565 FORMAT ([ 1H F640s16,2111418,3110+112)
WRITE (6.:570)

570 FORMAT {1HO 3X:4HLGTH SX«SHDEPTH S5X,SHSLDPE S5X,6HIMGTAP SX,6HIMGBO
1T SXs6HIMGLSD SX+6HIMGRSD SX.6HINISIG SX.SHPHEDS SXs4HKELEV )
WRITE (6¢575) LGTH,DEPTH.SLOPE,I¥GTAP .+ IMGBOT+ IMGLSD+IMGRSD,
{ INISIG.PHEDSWELEVS

575 FORMAT (1H FB8.2:F1042:F842¢110+8111+F13.2+F%9:2)
WRITE (6+4580)

580 FORMAT (tHO SHITMAX S5X,&HINTPRT SXSHCMEGA S5X¢6HNOMEGA SX¢6HNNOOES
1 SX»SHIDBLE 5Xe6HNCARDY S5X,6HNCARDX 5XsSHJGEOM S5X«SHIGEOH )
WRITE {(6+585) [TMAXsINTPRT sOMEGA+NOREGA (NNODESs IDBLESNYCRD.
t  NXCRD»JGEOM,[GEOM

S85 FORMAY (1H J6.110+sF11.2.2110,321252110)
WRITE (6,4590)

S90 FORMAT (1HO.37HGEGMETRY AND BOUNOCARY CONDITION DATA )
WRITE (6,595)

595 FCRMAT (t1HO ARMCOL SXe.4HMROW )
WRITE (64600) MCOL,MRQW

600 FORMAT (1H [&.19)
WRITE (64605)

605 FORMAT (1HO,20MFOR RCw SUESECTIONS )
YRITE (64610)

610 FORMAT (1H SHNSUBY SX.6MSTARTY SX.5HSTOPY SXe3HBEGX SXeaHENDX SXa
1SHJUBETA S5XeaHJETA SX,4HBCTLJ 6X+aHBCRJ )
WRITE (64615) (NeSTARTY(N) «STOPY(N) BEGXIN)(ENDX(N)+JIBETA(N) «
1 JETA(N) +BCLJIIN) +BCRJIIN) 4N = 1o JGECM)

615 FORMAT (IH [34F1342sF10:2,2F9.2+18+[10,2F1042)
WRITE (6,&20)

620 FORMAT (1R SHNSUBY 3X,6HJSTART 3X.SHJISTOP 3X,4HIBEG 3X«aHIEND )
WRITE (6.625)(NSUBY. JSTART(NSUBY).JSTOP(NSUBY),IBEGINSUBY),
1  TEND(NSUBY) +NSUBY = 1,JGEOM)

€25 FORMAT (1R I13«IG,[€,218)
WRITE (64630)

&30 FORMAT (1M0.23HFDR CCLUMN SUBSECTIGNS )
WRITE (6463S) :

635 FORMAT (1M SHNSUBX SX+6HSTARTX 5X.SHSTOPX S5Xs4HBEGY SXe4RENOY SX.
15H4IBETA S5XeaHIETA SX«aHBCUI &8X,4HBCBIL SX ¢AHFLUX )
WRITE (66680) (NeSTARTX(N) ¢STOPXIN) ¢BEGYUN) ENDY(N)+IBETA(N) " r
1ETA(N) sBCUTIN) sBCBT(N) sFLUX(N) yN=1, {GEOM)

640 FORMAT (LR I3eF13.24F10a2¢2F9:2,T84110+2F10+24E1042)
WRITE (6.645)

€45 FORMAT (1H SHASUBX 3X,6HISTART 3X+SHISTOP 3IX,4HJBEG 3X«4HJEND )
WRITE (66625) (NSUBX.l1STARY(NSUBX} s ISTOP(NSUBX) s JBEGINSUBX) .
1  JEND(NSUBX).NSUBX = 14 IGEOM)
WRITE (6,650)

650 FORMAT (1HO SSHVARIABLE MESH INCREMENT OATA FOLLOwW I[N TRIPLETS AS
1XYZ )
WRITE (6.£55)

655 FORMAT (1H SXsS7HWHERE X = MEASURED D1STANCE FROM AX1S (DXLGTH OR

10YLGTRH): )
wRITE (64660])

660 FORMAT (1H 11X,36KY = ROW OR COLUMN NUMBER (JY OR IX) ]
WRITE (6+665)

665 FORMAT (1H 11x,36HZ = INCREMENY LENGTH (CELY OR DELX) )

PRITE (6+4670)
670 FORMAT (1H 9IRVERTICAL )
WRITE (64675) (DYLGTHIN) «JY(N)SOELY(N)uN = 1oNCARDY)
675 FOAMAT {1H 4(FB.2:I54FB8.3.8X))}
WRITE (6,680)
680 FORMATY (IH 1IKHMCRIZONTAL )
WRITE (64675) (DXLGTHIN)} ¢ IX(N)}DELX(N)sN = 1¢NCARDX)
DO 755 NS = L 4LUNITS
1F (NUMLIN(NS).E0.999) GO YO 750
WRITE (6+.685) NS

3




Q377
0378

0379

o3eo
0381
o3s2
0383
03gs
0385
0386
0387
0388
0389
0390
0391
0292
0393
039a
039S
0398
0397
0398
0399
0400
0401
0402

0403
0404
gaas
0406
0407

0408
‘0409
0410
0411
0412
0413
0414

0415
04t E
0417
0418
0419
ca20
0421
Q422
0423
0424
0425
0426
0427

04a2e
0425
0430
0431
0a32
0433
0434
0438
0436
0437
o438
043¢

0440

c

6685 FORMAT{1HO:30X,43HHYDRAULIC CONDUCTIVITY TABLE FQOR SOIL UNIT 13)
WRITE (6+6%0)
690 FORMAT (1H T7TGHEBOTTCM CF UNIT LIES ALONG STRAIGHT LINES CONNECTIN
16 THE FOLLOWING COORDINATES )
WRITE (64€95)
695 FORMAT(1H 2EHAS (X.Y} MEASURED FRGM AXES )
tDUM = NUMBRK (NS) .
WRITE (647003 (XBRKININS) YBRKI(N«NS)s N = 1,IDUM)

700 FORMAT (1R S{2F942¢5SX))
WRITE (6,705)
705 FORMAT (1H 31HAS COLUMN AND RCW NUMBER (I.J2) L
WRITE (6.710) (IBRK(NsNS)+JBRKINNSIs N = 1,I1DUM)
710 FORMAT (1H T{2IS5+5X))
YRITE(5.715)
715 FORMAT (1HO+12X+1HP 12X e 1HK3 (14X e 1HP12Xe 1 HK ) )

NUM = NUMLIN(NS) /4

NUMA = NUMes

IF (NUMA,EQNUMLININS)) GO TO 720
LNUM = 0

NUM = NUM ¢ 1

NUMA = NUM=®3

NUMA AUNL IN(NS) — KNUMA
GO TO 725
720 LNUM = 1
NUMA = NUM
728 IT =1
730 WRITE (6.735) PTAB(ITsNS) KTAQUITNS)sPTAB(ITENUMINS) «KTAB

CITHNUMGNS) +PTAB(ITH2%NUMINS) +KTAB(IT+2¥NUMJNS)PTAB(ITH
3¥NUMNE) (KTAB(I T+ I®NUMINS)

73S FORMAT {1H +4(SX+E10e3+s3XsE10.3))

IT = 17T ¢ 1

IF (IT.LE .NUMA) GO TO 730

IF (LNUM.EQ.1) GD TO 7S5

N

740 WRITE (6.745) PTAB(IYoNS) «KTAE(ITWNS)vPTAB(TIT+NUMNS) oKTAB
1 {ITENUMNS) PTABIITH2ENUM«NS) «KTAB(IT+2%XNUM(NS)
748 FORRAT (1H $3(5XsE106343X+E10.3))

IT = 1IT7T ¢ 1
IF (1T.LELNUM) GO TQ 740

GO TO 785
780 WRITE (6s760) NE
755 CONT INUE )

760 FORMAT (1HO 32KHYDRAULIC CONDUCTIVITY FOR UNIY ISs S3H IS OBTAIN

{ED FROM AN EQUATION. SEE PROGRAM LISTING. )

IF (KHPANT.NE.1) GO TO 77S

BRITE (6.765)
765 FORMAT (1HO 48X +23HINITRIAL K-DISTRIBUTION )

DO 770 4 = 1.MRAW
770 WRITE(6,1190) Jy(HCON(Tad) sI=1.MCOL)
775 IF (IPSIG.NEs,1) GO TO 78S

WRIYE (6,780 '
780 FORMAT (1HO +40X.39HSTARTING DISTRIBUTICN OF PRESSURE HEAD )

LSIG = 2 .

GC TO 1180
785 1F (NNODES.£Q.0) GD TO 828

WRITE (64790)
790 FORMAT({tHO +7OHITERATICN NO. AND PRESSURE HEAD AT SELECYED NODES A

1$ IDENTIFIED BELOW )
WRITE (&+4795)
795 FORMAT (1H 40HCCORDINATES AS MEASURED FROM AXES (X.Y) )
" WRITE (64800) (COOROIUIK) +CDORDJI(K)¢K = 14NNODES)
800 FORMAT (1IN 5(FB8+s2¢1lHyF8e2¢4X))

WRITE (6+805)
805 FORMAY (1H A3HCOORDINATES AS ROW AND COLUMN NUMBER (l+J) )

WRITE (6+4810) (INODE(K) « JNODE (K) » =14 ANODES)

810 FORMAT (1H SAHITER.IXeIAslHseld.8(AXsTI4s1Hesls ) )
‘WAITE (6+,815)

815 FORMAT (1H )
WRITE (6.820) LTER, (PHED (INODE(K) «JNODE (K)) +sK=1 ,NNODES)

820 FORMAT (1H +ISs9D13.5)

Cxkkx BEGIN AN ITERATICN.Zsse¥dkednd

C

825 ITER = ITER ¢ 1|
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0441
0842
0443
04aas
0aas
0426
0647
oaaer
0449
0450
0451
cas2
0453
0454
0455
0456
0457
0458
0as9
0460
0861
Da62
0a63
0464
0465
04686

0467
0468
0469
0470
0471
04672
0473
0a74
0478
0476
0477
0AT7E
0a7?79
0480
0481
0482

0483
0ags
0485
0486
0487
oaBe
0489
0490
0491
0492
0493
0a9a
0495
0496
0497
0498
0499
0500
0so1
0S02
0503
0508
0505

[
C¥xe TABLE CLOOKUP FOR HYDRAULIC CONOUCTIVITY.#893%usyx
C
830 YDIST = O
IF (IMGTOP.EQ.1) YDIST = -DELY(1)
- MYy = 2
J =1
835 &t = 1
MX = 2
XDIST = 0. .
IF (IMGLSD.EQ.1) XDIST = - DELX(I)
NS =}
840 M = 2
845 1F (I LE.IBRKIN.NS)) GO TO 860
8BS0 N =N + 1
IF (N.LE.NUMBRK(NS)) GO TO 84S
855 NS = N§ + 1
1E (NSSLEL.LUNITE) GO TO 840
GO TO 870

860 GRADO = (YBRK{(NsNS) — YBRK{N—1,NS)) / (XBRK(NsNS) — XBRK(N-1sNS))

ELIJ = YBRK(N-14NS) + (XDIST — XBRK(N-1sNS}) ¥ GRAD
IF (YDIST.LE.ELI1J) GO TO BBO
EES NS = NS + 1
IF (NSJLELLUNITS) GO TO 840
870 WRITE (6,875)
875 FORMATI{IHO 27R SOIL UNIT INPUT CATA EAROR )
LSIG = 1
GO TO 1152
8680 1F (NUMLIN(AS).NE.999) GO TO 885

zevv sk INSERT PROGRAMMING FOR CALCULATING X FROM EQUATIONS, IF
‘REQUIRED.

annNnn

IF (MST1Ge.EQ.0) GO TO 425
GO TO 980
88S IF (PHED({1+J).GE.0.) GO TD 895
IT = NUMLIN(NE) /2
IF (PRED(I¢J) = PTAB(ITINS)) 890:9304%00
890 L = §
G0 TO S90S
89S HCONCU1I,J) = KTAB(1.NS)
GO TO 935
900 L =1
905 1T = L®NUMLIN(NS}I/B
IF (PRED(T¢J) — PTAB(IT¢NS)) 910+,930+925
910 L = L + 1
1F (L.LE.8) GO TO 90S
915 WRITE (64+920)1TERsIJ

920.-FORMAT (1HO+39KHK TABLE LIMITS EXCEEDED. ITERATION NO . {S»SH I =

1 ISeSH J = 1I5)
LSIG = ¢t
GO TO 1180
925 IT = IT.—-.1
IF (PHED(T+J)GT.PTAB(XT«NS))GD TO 925

930 FACTOR = (PRED(1eJ) — PTABUITWNS)) 7/ (PTAQ{IT+24NS) — PTAB(ITeNS))
HCON{(I+d) = KTAB(IT.NS) ¢ FACTOR % (KTAB(IT#14NS) -~ XTAB(IT.NS)]

935 1 =T + 1
IF (1-MCOL) 550+4540,945
940 1F (IMGRSO.EO0.t) GO TO 95§
GO TO 9%0
945 4 = J + 1
IF (J.GT.MROW) GO TO 87S
IF (J<EQ.MROW.AND,IMGBCT4EQ.1) GO TO B35
YDIST = YDIST ¢« DELY(MV-1)
1IF (JaGE.JY(MY)) MY = MY + |
GO TO B3S
850 XOIST = XDIST + OELX{MX~1)
IF (T eGELIXIMX)) MX = MX + 1
IF (1.GT+IBRK(N,NS)}) GC TO 850
FL1J = YBRK(N-1,NS) ¢ (XOIST — XBRK(N-1,NS)) * GRAD
1F (YDIST.GT.EL1J) GO TO 865
985 1F (PHEO(I+J) «GE.O.,) GO TO 89S
1E (PHED(I[+J) - PTAB(IT,NS})960y9304970
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0506
0507
0508
0509
0510
0€11
0512
0513
0814

0515

0c16
0817
0S1a
0519

G20
0521
0522
0€23
aS24
052zSs
0c26
0527
0528

cE2S
0530
0531
0€32
0533
0534
0538
0536
0537
0238
0S3¢9

0540
0541
0s42
0543
0544
0548
0846
ak47
0Sae 8
0549
0550
0551

0552
0553
0554
0588
055¢€

960 IT = IT + ¢
1F "(IT.GT.NUMLIN(NS))GO TO 9(5
IF (PHED(14J) = PTAB(ITsNS)) $606930¢965
965 1T = 1T - |
GO YO 930
970 1T = 1T - 1
IF (PHED(I «J) +GT«PTAB(IT4NS)) GO TO 970
GO TO 930
975 IF (MSIG.EQ.0) GO TO 425

C
Caex BEGIN EQUIVALENT OF "DO-LOOP® SOLVING FINITE DIFFERENCE
C EQUATION FOR EACH NODE QOF MESH.?®9 saxgxhw
c
380 DO 1080 NSUBY = 1,JGEQOHM
c
Chxe BEGIN A ROW SUBSECTION,¥X¥$2eexs®d
C
4 = JSTART(ASUBY)
KSTOR = JSTOP(NSUBY)
IJX = 1IBEGINSUBY)
LSTOP = TENDI(NSUBY)
C
C*¥s* LDCATE OELTA X AND DELTA Y AT TOP AND LEFT SIDE OF THE
[ ROW SUBSECTIAON.® $xEsxrswn
C
My = 2
Ses IF (Jal.ELJYIMY)) GO YO %0
My = My +» 1
GO TO 9&5
990 MX = 2 *
995 IF (IJK.LE.IX(MX)) GO TD t000D
NX = MX + 1
G0 TO 995
1000 MXMYST = MX
C
Ce3x START A ROW WITHIN THE SUBSECTION, *s#¥¥%kxtxk
C
1Q0S T = LJK
KBETA = JBETA(NSUERY)
KETA = 0
MX = MXMYST
DELYM = DELY(MY-1)
IF (J.LTeJY(MY)) GD TD 1010
OELYP = DELY(MY)
MY = BMY + 1t
GO TO 1015
1010 DELYP = DELY{(MY-1)
1015 IF (J«NE.KSTOP) GO TD 104S
c .
Cwe¥ SET IMPERMEABLE BQUNDARY CCNDITIONs IF REQUIREDes AT 80TTOM
[ OF COLUMNS PRIOR TO SWEEPING LAST ROW OF SUBSECTION.**##*!!#:#
C

DO 1040 NSUEX = t.1GEOM

1020 IF (JJNE.JENOCINSUBX)) GO TO 1040 .

IF (TETA(NSUEX) .EQ40) GO TO 1040

IF (J.EQ.JY(MY-1)) GO TO 1025

DEL = 2+ % DELY({(MY-1) *» COSAL

GO TYC 1030
1025 DEL = (OELY(MY=-2) + DELYI{MY-1)] * COSAL
1030 IOUMA = TSTART(NSUBX)

IDUM = ISTOP(NSUEX)

00 t035 K = IDUMA,IOUM

1035 PHEDI(K.J+1) = PHEDt(X.J—1) & OEL

1040 CONTINUE
C
Cr¥x» CALCULATIONS FOR INDIVIDUAL NODE WITHIN A ROW STARTS HEREs®rsmkkwzky
C

1045 DELXM = DELX(MX-1)

IF {TeLTeIX(MX)) GO TO 1050
OELXP = DELX(MX)

MX = MNX + |

GO TD 1058
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0557

0558
0559
0560
05861
0562
05€3
0564
0565
0566
0567
0568
05649
0570
0871
0572
as73
0574
057S
08768
0s77
0578
0S79
0S80

0581

ocaz
0583
0584
0545
0586
0587
05848
as89

0590
0591
0592
0593
0s89a

059S
0866
0597
0598
as99
0600
0601
0602

0603
0604
05605
0806
0607
0608

C

Cexx PREPARE

c

[

1050

10SS

1060

10€€

i
2

DELX® = DELX(MX-1}

HCON({sJ-1))
HCONLI «Je1))
MCON( I-14J))
HCCN(I+1,4))

YA = .5 ® (HCONU(1.J)
YC = o5 % [HCON(I«J?
XA = o5 € {(HCON{(I.J)}
XC = 45 & {HCCN(I.+J)
HEDA = PHEO(I-14J)
HEDB = PHED(I1¥+1.J)
IF (XBETA,EQ=0) GO TO 1060

KBETA = O

XA = XC

HEDA = REDB ¢ (DELXM % DELXP) * SINAL

G0 TO 106S

1F (KETA.EQ.0) GO YO 1065

XC = XA

HEDS = KEDA - (DELXM & DELXP) % SINAL

AY = YA / DELYM

CYy = YC 7/ DELYP

AX = XA / DELXM

CX = XC s DELXP

YB = (DELYP % YA + DELYM % YC) / (DELYM = OELYP)
XB = (DELXP % XA ¢ DELXM x XC) / (DELXM * DELXP)
EY = 2, / (DELYR + DELYP)

EX = 2. / (DELXM ¢ DELXP)

* ¢+ +

DELTA = {(RCON{lsJ4—1) — MCONUIsJ+1)) / (DELYM + DELYP)) x
COSAL + ((RCON(TI—1.J1 = HCON(1#1¢J)) / (DELXM ¢ DELXP)) =

SINAL

Csxx THE FINITE OIFFERENCE EQUATION.¥#3x33dvéx

c

[

1070

1075

1080

ta N

PHED(LeJ) = (le¢— OMEGA) = PHED(I4J) + OMEGA =

{EX & (AX ® HEDA & CX = MNEOB) +
EY ® (AY ® PHED(I.J-1) + CY * PRED(L+J+1)) + DELTA}
{EX w« X8 ¢ EY % YB)

I =1 + 1

IF (1-LSTOP) 1045,1070.1075

KETA = JETYA(NSUBY)

GO TD 1045

J=J +1

IF tJLEKSTOPY GO TO 1005

CONTINUE )

GO TO as50

Cesx THIS COMPLETES AN [ TERATIONT®ksZA¥tykd
Ces¥ CHECK WHETHER TO PRINT, ON CPU TIME, AND ON NUMBER OF

C
c

[

I

TERATIONSSFrEsXwkexk

1085 IPRINT = ITER/INTPRT

IPRINT = [NTPRT @ [PRINT
IF (ITERNELIPRINT) GO TO 82S
1IF (NNODES.EQ.0) GO TO 1090

WRITE (6+820) LTERe(PHED({INODE(K)+JNODE(K))sK=1+NNODES)

Cukk¥x POSSIBLE MODIFICATION TYPE M2 —— NEXT 3 STATEMENTS.

[

1090 CALL TASKTHM(CHKTMI)

TTIME = TTIME + CHKTM

TIME = TTIME / 1000.

IF (TIMELGELESTIME) GO TO 1100
IF (ITER.LT.ITMAX)} GO TO 825
1F (ILSIG.NE.1) GO 70 1110
WRITE (6+1095) ITER

1095 FORMAT (1HO 33X .33HFRESSURE HEAD CISTRIBUTION AFTER

1

12H TTERATIONSE )
LSIG = 3
GG 7O t180

1100 LSIG = a

WRITE (6,1105)

1105 FORMAT (1HO 16HESTIME EXCEEDED )
1110 1F (KARPCHo.NE«1) GO TO 1145
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0609

6610
0611
0612
0613
0614
0€1S

0616
0617
0618
0619
08290
0621
0622
0623
0e2a
0625
0626

0¢€27
0628
0629
0630
0631
0€32
0€33
0634
0€353
08636
0637
0638
08§39
640
0&ay
0642
0€43
Q€4
0648
0636
0647
0648

0649
0650
0651
Q€S2
0653
0654

QESE
0656
0657
065€
0659
0660
0651
0662

c
C#»« PUNCH ON CARDS OR WRITE ON TAPE RESTARTSsesatsens
c .
IF (IFILE.NE=-O) GO TO 1130
[
C3ssns POSSIBLE MODIFICATION TYPE M4,
c
WRITE (24375 ((PHED(Iyd)el = 14MCOL) ed = 1 +MROW)
WRITE (7.1120)
1120 FORMAT (18Hss%**END OF FILE)
WRITE (641128)
1125 FORMAT (IHO+tSHRESTYART PUNCHED )
GO YO 1140
c
Cewass POSSIBLE MODIFICATION TYPE WS.
c
1130 WRITE(10)PHED
WRITE (6.1135)
1135 FORMAT (1MO24HRESTART WRITTEN ON TAPE )
1140 IF (IDBLE.NE+1.0R.TIME.GE.ESTIME) GO TQ 1145
IDBLE = 0
1TMAX = [TMAX ¢ 15
GO TO 825
1145 WRITE (6,1150) TVIME
1150 FORMAT (1HOs17HTOTAL CASE TIME =.F10.6.10H SECONDS. )
1152 1F (NOMEGA.NE.D) GO TQ 120S
IF (LSI1G.EQ.l) GO TO S
c
Crem CONVERT PRESSURE HEAD TO HYDRAUL IC HEAD . ¥ fhwuhsss.
c

Jd =1
ny = 2
1158 A = ELEY ® COSAL
I =0
X = 2
XDIST = o
IF (IMGLSD.EQat) XDIST = =0ELX(1)

1160 B = XDIST = SINAL
1 =1 + 1
IF (I+.GT,MCOL) GO TO 1165
XDIST = XOISYT & DELX(MX-1)
IF(IX{MX) eEQe]) MX= MX * 1|
HEAD{Io+J) = PHED(I«J) + A + B
GO TD t160
1165 gy = 2 ¢ 1
IF (JaGT.MROW)Y GO TO t170
ELEV = ELEV — DELY(MY-—1)
IF (JY(MY).EGaJ) MY= NY #+ 1
GO Y0. 1155
1170 WRITE (6+1175)
1175 FORMAT (1H1 ,46X ¢2BHHYORAULIC HEAD DISTRIBUTION )
LSIG = &
C .
C*xx OBTAIN PRINTOUY OF “PHED®™ ARRAY OR "HEAD® ARRAY ,S¥IXSSRkuE
C
1180 DO 1185 J = 1 MFOW
1188 CWRITE (6+41180) Jo(PHED(L+d) sl =2 1 MCOL)
1190 FORMAT (1H 13.2X,]10012.5/(6X410012.5))
IF (LSIG -2) 11{%2,78%5,]1200
1200 IF (LSIG.EQ.4) GO YO S
GO TO 1110
C
Ckx® READ IN OMEGA VALUE FOR NEXT SEGMENT OF SEGMENTED RUN.*&xxsmex&s
c
120& READ (5+1210) CMEGASITMAX
1210 FORMAT (FS.2,15)
If (ITMAX.ECGL.0) GO TG0 S
IF (LS1G.EQal) GO TO 1205
WRITE (6+41215) OMEGA, I TMAX

1215 FORMAT (1HO 22HCONTINUE WITH OMEGA = F SaZs10Hs ITMAX = IS5}
GO TO 825 . .
END
38
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0001 - 0005

Type and dimenslon declaration statements

¥ 0006

Start ¢lock

-
6007

—Y";_<Ix Input card avallable? n2

0007 - 0009 0013 — 0243

Read laput cards and carry
out Inltlallzatlon procedures

o110 -
0012

0250

HS1G = O

0251

0252 - 028)

Set pressure head-type boundary
conditions at ends of rows

A 0282 - 0317

[Sat boundary cenditions of all cypes
at eoda of colamena

0320 - 0419
Print heading and i{nfcinlfrazion data chrough printing
of inicia) distribution of hydraulic conduaciviry

>L

0420

Is srarting discribution of preasure
head to be princed? (IPSIG = 1t)

Yea

0421 - 0422

GEL\)\‘. distribution heading

y o423
b
LSIG = 2 Ares selected nodea to be \ No
priared? (NRODES > 01)
0424

Prinr selecred node
idencification

Q

Calcelation for each fceracion begins

¥ o
I} 0441 - 0560

Determine 505) unit {dencity of firac node of a rov
oY when soll unit change {a Jetecred

| sa
No 1s thare aa {ncondistency in\ Yes
801l layering iaput daca?

2 0463
> No

Print ecvor meagage

Yes/ 1s an h-X equation to ba used?
(NUMLIN(NS)) = 999?

Process algorirbm ingerced by uaer

0468 - 0478, I 0484 - 0305, 03507 - 0512

Search aud incerpolate h-K cable and aasign K-values to nodea
of aclution mesh after checking posit{on of each node
to decermine whether 5 Bofl unit boundary bas been crossed

0479 - 0506

Ware h-X table limits exceeded?

0480 - 0481
G
0482
LSIG - 1
0§14 _- 0583
Solve the finite difference equacion ac
each node of the solution mash 83

0589 - 05%1

At rhia poinc 2o freration hag been .compleced.

Yes
Should cercain tests be made? (Iteracfon Ho. = INTPRTZ)

0592 4

Yes o

Are Belecred nodes to be princed?
(NNODES > 07)

2 0393
Gr!.ut PHED valuea for selected Mde.s)

©

F{gure 12.--Flow charc for STDY2.
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0594 = 0397

Yes(fas processing time equalled or excecded mm7>L‘

0598 [ ]

Have the number of iteracions equalled
or exceeded ITMAX?

'} 0399

Is the preacsure head distridbucion
to be princed? (ILSIG = 1?)

Yes

0804 0600 - 0601
LSIG = 4 Princ distribution headiog
§ 0605 — 0606 10602
LSIG = 3

(Pzinr. time axceeded message
®

@ch restart data in cards or write them om tap

603

0607

Is pressure head distribution to be saved
for rascart? (KARPCH = 1?)

§ 0608 - 0817

0618

Provided procesging cime ham nor exceeded Its limte,
{8 an extra 15 itevacions ©0 be obtalmed for a
convergence-scahility check? (IDBLE = 12)

No

0619 - 0621

O,

Print time consumed in seconds

l 0624

Is this came segmenced for trial of differeat

Yesd
OMBGA values? (NOMEGA > 07)

0823 - 0645

Determine hydraulic head (HEAD)

L0646

LSIG = &

1
& 0657 - 0649

Print contémcs of PHED array
(may contain PHED or HEAD)

®

40

0650

0653 - 0654

Gead OMEGA and ITMAX for next 5egnen:>

0655
No /Bave all segments been processed? Yes
(ITMAX = 07)
‘0656 ~ 0657

'Grm: informacional stacemenc

0658

Figure 12.--Continued.

Flow chart

The flow chart (fig. 12) contains the
major branching points in the STDY2 program
listing. A major branch, in this context,
significantly shifts the flow of the program
from one part of the listing to another.

The numbers over each box of the flow
chart key the operation(s) described in that
box to statements in the program listing.
When the number key over a box consists of
the end points of a range of pumbers, the
program processes the inecluded statements 1n
the order of cheir appearance as modified by
local branching to nearby statements.

Glossary of input variables

Input variables are defined in the follow-
ing glossary in the order in which they must
appear in the input data deck. As noted in
their explanations, not all card groups are
needed for every case.

Figure 13 shows punchcard layouts for the
{nput data. The format number at the left
end of each card serves to identify it with
an identically numbered format statement in
the STDY2 program listing. Each layout imsage

Text continues on page 45.



Figure 13.--Input data layout for STDY2.
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Figure 13.--Continued.
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Figure 13.--Continued.
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-represents a group of one or more cards.
They are in the order of their appearance in
the input deck, whick is also the order in
which they are discussed in the glogsary.
Some of these .variables were also discussed
in the text and their use illustrated in the
sample problem., Besides variable names,
Fortran formats are given in the figure and
the glossary. A sample entry of each
variable is shown in figure 13.

The inpuc deck for amy given run may
include the data for as many cases as the
user desires. Simply add one case behind
another, that 1is, card group 1 for case n
follows immediately behind che lasc card
group of case m-1.

Card Group 1 - A single card. Musc be present in
input deck for processing each case. Format
(¥5.0,815).

ESTIME - Time in seconds that user allots for 'the
processing of a case within a computer's central
procesasing unit. It obtailns rescart data before a
run scops when it exceeds the time limit given on
the job control card. This latcer limit must be
greater than ESTIME by at least the amount of cime
necessary to compile the run. CAUTION: The
frequency of time checks depends on INTPRT--See
card group 3. When several cases follow each other
in a single run, the job control card time should
exceed the sum of the seversl ESTIME values.
CAUTION: When a ruu encers an endless loop because
of an input data error, ESTIME canmot be checked.
See the discussion of ITMAX, card group 3, for the
procedure co follow when i{nitializing & case--or
wvhen making a major change in input data.

KAREAD = 1 means restart data are read im.

# ) means case scarts from one of program-—generated
initial PHED-arrays.

RARPCH = 1 means cestart data are punched or written

on magnetic cape ac the end of case processing.
# 1 means restarc daca are not gsaved 1n punched
card or magnetic tape form.

ITER - Iczeracion mumber. TIts lopuc value should be O
when starcing to solve & new case. Otherwise, 1t
should have the value of the mumber of the iter-
acion at the end of which the restarc daca were
produced. The value of ITER is not critical co the
solucion, but the number of iterations processed by
a run 1s ITMAX-ITER, So, 1f one ilncreases ITMAX
without ilncreasing ITER, he will get more iter-
ations than he wants or else ESTIME will be

exceeded.
IFILE = O for card zeadin, card punchout of restart
PHED dacta.
# 0 for tape teadin, tape readout of restart
PHED daca.

A given inmput tape may have several files or
PHED-arrays. S

The value assigned IFILE for reading chat tape may
be determined as follows:
TFILE = R - §

SThese are prograc—defined files and are not to be
confused with logical tape files. A given computer run
03y produce several program-defined files {n one logi-
cal file, depending on the number of cases processed,
cthe number of segmencs ip a case, and whether IDBLE = )
for one or more cases. Logical files used by a given
run are idencified in job control cards. At the end of
a run, a3 logical file is rerminaced with an end-of-file
mark on the tape- The program—defined files are not so
terminated, but their limics are defiuned by the
DIMENSION scatement.

45

where R = the number represencing the posicion om
the cape of the desired file.

S = the number representing che position on
the tapa of the file read im by che
preceding case (has the value zerc for
the firsc ease of a run).

For example, if the firsc case of & new run
should start from che PHED-array of the first
file, then IFILE = 1 - 0 = 1. If che second case
must then use the fourth file, IPILE = 4 - 1 = 3.
Agafn, 1f the third case should use the sixth
file, TFIL8 = 6 — 4 = 2, When the initial FHED-
array is set up under control of INISIG, card
group 2, IFILE must either be O co produce
punchcard restart or amy number other than O

to produce tape resCart.

IPSIG = 1 to print PEED-dis:iriburion with initialization
daca.

¥ L to suppress print of PHED-distribution during
inirfalization.

ILSIC = 1 to print PHED~distriburicen at end of case.

¥ 1 co suppress print of PEED-distribucion at end
of case.

KTABLE = 1 to recain h-XK table from the immediacely
preceding case of che same rum for use in
processing a new case.

# 1 ro read new A-X table before processing a case.
KTABLE must be 0 or some value other than 1 for
first case of run.

MCHNGE = O means that restart data have not been
modified i{n any way after they were punched at
the end of the preceding runm, go cthat boundary
conditlons in che deck are compatible with the
pressucre head distribution of the deck.

¥ 0 means that rescart data to be read in have been
procegsed chrough program CARRY or modified in
gome other way such chac boundary conditiops must
be set during Inftislization of the new rum.
MCBNGE may also be given a value octher chan 0 for
a normally restarting run when the user wanta ¢o
priot the starting distribucion of K-values. See
KHPRNT, card group 6.

MCHNGE has no mesniog for & rum not starting with a
restart PHED-array.

Card Group 2 — A single card. Must be present in
ipoput deck for processing each case. TFormat
(2r10.2,%5.2,515,2F10.2)

LGTH - Perpendicular distance from y-axia to the
rightmost boundary of the flow system. See page &
Solution Mesh amnd the Cartesian Coordimace
System.

DEPTH - Perpendicular discance from z-axis to the
lowest boundary of the flow system. '

SLOPE - Tengent of the angle between the z-axis and
the horizoncal.

IMGTOP = 1 if any part of top cross sectlon boundary
coincident with r—axis 1s impermeable or is
subject to g mon-zero flux. .

¥ 1 4f 211 parts of the top boundsry are subject ¢o
a specified pressure head.

IMGBOT = 1 4if lower cross section boundary (or ics
lowest segment, if complex) 1s impermeable.

¥ 1 otherwise.

IMGLSD = 1 if any part of left cross section boundary
coincident with the y-axis is impermeable.

¥ 1 otherwise.

IMGRSD = 1 if right cross section boundary (or its
rightmosc segment, if complex) is impermeable.

{ 1 otherwise.

INTSIG = 0 to generate inirial PRED-array io which
PHED = PHEDS at every node in solution mesh,
except cthose on h-specified boundaries.

£ 0 co generate initial PHED-array which is
smoothly distributed in the y-direction
beginning wich -ELEV on the top boundary and
decreasing by inerements of Ay from row to row.




PHEDS - The beginning PHED-value for each mode in the
solution mesh except those on n-specified boundaries
when beginoing the processing of & new case., Bas
no meaning for restarts. Has no meaning if INISIG
- 1.

ELEV - Elevation sbove a datum of che ovigin of
coordinates of the Carcesian coordinare sysrem. It
i ofcen conveniant to set the datum at the lower
lefc-hand corner of the crogs section, bue its
position may be completely arbicrary- See INISIG.

Card Group 3 - A single card. Must be preseat in
fgput deck for processing each case. Format
(215,£10.2,715) _
ITMAX - ITMAX-ITER {s the number of i{tarations to be
processed during z givem run. Whea thig gumber is
reached, Lf KARPCE - 1 (ecard group 1), restart dsta
are obtalmed in cards or on tape. This ia the best
way to stop the processing of a ¢see. Also see the
definition for IDBLE below. If che case is segmented
to try differenc values of OMEGA, this 18 the
aunber of fteracions alloctced co the first OMEGA
value. The value given ITMAX should be a multiple
of thac given INTPRT. When starting a pew case or
when making such major changes in imput data as
changing Ar and Ay, ITMAX ghould be given a gmall
value, say from 1 co 3, to obtain just euncugh
iteratfons to make sure mo errors have been made in
the input data. For such a run, the cime Uimit on
the job control card should be set at only 5 geconds
or o tu assure that anm ipput error that throws the
program into an endleas loop does pot xesult in the
use of excessive compucer time, .
INTPRT - The number of iterations becween primtouts of
pressure heads for selected modes. Time checks
(for comparison with ESTIME, card group 1) and
iceracion checks (for comparison with ITMAX) take
place only after such printouts. BEven if no nodes
are selected for princing (see NNODES), INTPRT must
be given a value to control the frequency of
checking ESTIME and ITMAX.
OMEGA - The overrelaxation factor (w). I1f the case ig
gegmented and several w—values tested, this 1s the
init{al wvalua.
NOMBGA = 0 for normal, unsegmented case.
¥ 0 for case segmented for changing relaxation
factor (w).

When FABPCH = 1, NOMEGA ¥ O results {n a program—
defined file of PEED daca in cards or paguetic
tape for each value of w.

NNODES - The number of nodes selected for printing
vodex concrol of INTPRT. HMay range from 0 to 8.

IDBLE = 1 means that two sets of restart data 15

{teracions apart are wanted for comvergence
checking by program COMPAR. Im this event, 15
~ iteracions In excess of the given ITMAX sre
processed. FKARPCER must bave the value 1.
¥ 1 means chat case stops at the eod of TIMAX
iterarions with only one restart data sec {the
latrer {s obtained only if KARPCE = 1).

RCARDY - The makimnum value of MY, chat 1s, the oumber
of pairs of DYLGTH(MY), DELY(MY). See card group 9.

NCABDX - The maximum value of MK, that 1g, the number
of patlrs of DXLGTE(MX), DELX(MX). See card group 10.

JGEOM - The mmber of row subsecciora into which a
flouw Teglon has been divided. See card group ll.

IGEOM - The nupber of columm subsections inmto which a
flow Tegion has been divided. See card group 12.

Card Group 4 - An optiomal card group which must be
included 1€ NNODES (card group 3) 1z differenc from
0. Consigcs of one or two cards, depending on the
oumber of nodes selected for printing under comcrol
of INTPRT. Porumat (8Fl0.2)—up to four pairs of
the following variables per card. Unneeded fields
gay be blaank.

COORDL(X) - The z—coordinate of the Kth node selected
for printing under comtrol of INTPRI.

COORDJ(K) - The y-coordinate (poefltive down) of the
Kth node selected for printing under control of
INTPRT.

NoTE: For use in the model, the above must be
converted co I,J coordimates. If a poinc
1dentified by its z,y coordinstes as given by
the above variables does not coincide with a node
of the solution mesh, the nearest mode to the
right and below the z,y position will be used.

Card Group 5 - Five cards, even if some or all of them
are blank, must be in input deck for procesgsing
each case. Formac (20A4)

COMENT - Variable representing the string of alpha-
oumeric characters chat serve as an identificacion
and heading for a cage's printout.

Card Group 6 - A single card that must be presemc in
the lapuc deck for processing each case. Format
(215)

LUNITS - The oumber of e0ll units present inm the cross
gection. May be any mumber up to and including 5.

KHPRNT = 1 if che starting K—distribucion is printed.
# 1 otherwise.

NOTE; The facllity for printing the K-distribuziom
is provided as a useful way to check whecher goil
unic boundaries have been assigned correctly im
the solucion mesh. The user ahould set INISIG =
0 and PEEDS > 0.00 (boch in card group 2). This
will specify a scarting condition of k 2 0 ac
all nodes so thsac the princed X—distribution will
contaln only saturated hydrsulie conducctivities.
With such 2 discribucion, it is relatively easy
to correlate nodes and soil units. A single
iteratfon i{s ell that ls needed to make this
check. Then the case may be scarted over agaln
with whatever initial PHED-distribution is mosc
appropriacte to the case. The initial K~
distridution will conzain meaningless daca if
KAREAD = 1 (if the case is being reatarced),
unless MCHNGE has gome value other than 0. -

Card Group 7 - A single card which mugt be present 1o
the input deck for procesaing each case. Formac
(1015)~—up to five pairs of the following
variables, Unneeded fields may be blank.

NUMLIN(NS) - Number of pairs of values of pressure
head vs. hydraullc conductivicy appearing in the
NSth h-K table.

~ 999 indicates that h-X relation 18 given by
equation racher chan by table.

NUMBRK(NS) - Number of z,y coordinate pairs needed to
deseribe the lower boundary of the NSth soil unit.
See XBRK(X), YBRK(K), card group 8. NUMBRK(NS) has
a ninioum value of 2 for each soil umit.

Card Group B - A multiple card group. The inpot deck
most contaln a separate card group 8 for eech soll
onlc in the modeled cross section.

Subset a — One or two cards depending upon the number
of £,y coordinate pairs needed Co describe the
lower boundary of a soil unit. Format (8F10.2)-—up
to four pairs per card of the following variebles.
Joneeded fields may be blank.

YBRX(N,NS) - The z~coordinate of the Wth breakpoint in
the botcom boundary of the NSth soil unit. Such a
boundary, which may be curving or complex im shape,
may be approximated by a series of up to seven
atraight lines, the meeting point between two con-
secucive segments of differenc slope being called 2
breakpoint. An intersection of the lower boundary
of a soil untlc with a boundary of che modeled cross
seccion is aleso considered a breakpoint. So, each
801l unit hes a2 winimum of two lower-boundary
breakpoints.

YBRK(N¥,NS) - The y-coordinate (poalcdve down) of the
* Nch breakpoint in the botctom Soundary of the NSch

soil untc.



NOTE: The note appended to card group 4 applies to
this subset also.

Subsec b - One or more cards depending om NUMLIN(NS)
(card group 7). This subser ia absent from the
Input deck I1f NUMLIN(NS) = 939. It 1s alse omitced
if KTABLE = 1 (card group l). Formac (8E10.3)—
efght values of the following variable per card—
unneeded fields In che lasc card may be blank.

PTAB(IT,NS) - The array of pressure heads in che table
of presaure head versus hydraulic conductivity for
201l unitc NS. Subscript IT idencifles che particu-
lar line of the table, chac 19, 1< IT<S NUMLIN(NS).
The order of euntry should be from high preasure to
low (in the order of incressing suction).

Subset ¢ - Onme or more cards depending om NUMLIN(NS)
(card group 7). This subset is absent from the
foput deck 1f NUMLIN(NS) = 999. It is also omitced
1f KTABLE = 1 (card group 1). Format (8E10.3) -
eight values of the following variable per card--
unneeded fields in the last card wmay be blapk.

KTAB(IT,NS) - The array of hydraulic conductivities in
the table of pressure head versus hydrauwlic condue-
tivity for soil unic NS. See discussion of subset
b. There should be the same pumber of KTAB entries
as there are PTAB entries. XIAB(1,NS) should be
che saturated value of X, corresponding to
h = 0 = PTAB(1,NS). KTAB(2,NS) should be che
X~value corresponding to PTAB(2,NS) and 9o on.

Card Group 9 - One to three cards depending on the
number of changes in Ay in the solucion mesh. Must
be present in input deck for processing each case.
Pormac (4(F10.2,F10.3))-—up to four pairs of the
following variables per card--unnmeeded fields in
the lasc card may be blank.

DYLGTH(MY) - The distance from the T-axis to the MYth
boundary between regions of different Ay in the
solution mesh. The z—axis itself is che first such
boundary, so DYLGTH(1l) = 0.00. If Ay is constant
chroughout the solution mesh, only DYLGTH(L) 1is
needed. One does pbot need to measure DYLGTH values
precisely. If DYLGTH(MY) does not correspond
exactly ro the J-value of some row of the solution
mesh, then 4y in thar mesh will c¢hange at cthe row
immediacely above the indicated position.

DELY(MY) - Tha MYch value of Ay.

Card Group 10 - One to three cards depending on the
number of changes in Ar in cthe solution mesh. Musc
be present in input deck for processing each case.
Formac (4(F10.2,F10.3))—up to four pairs of the
following variables per card—unneeded fields in
the last card may be blank-

DRLGTH(MX) - The distance from the y-axis to the MXth
boundary between regions of different Az {n the
solution mesh. The y-axis 1cself {8 the first such
boundary, so DXLGTH(l) = 0. If Ax {8 counstant
throughout the solution wesh, only DXLOTE(1) is
needed. One does not need to measure DXLGTH values
exacetly, If DXLGTH(MX) does not correspond exactly
zo the I-value of some column of rhe solution mesh,
then 4r in that mesh will change at the column
immediately to the left of che indicaced posicion.

DELX(MX) - The MXch value of Az.

Carg Group 1) - One card for each row subsection.
Muat be present in inpuc deck for processing each
case. Format (4FL0.2,2L5,2F10.2)—one sec of the
following variables per card.

STARTY (NSUBY) - The discznce from the x-axis to the
top boundary row of row subseccion NSUBY. NSUBY isg
an index variable taking the values 1, 2, . . .,
JGEOM. See page 8, Subdivision of Plow Cross
Section and the note below for dectails of dividing
the cross section into subsections.

STOPY (NSUBY) - The distance from the z-axis to che
boctom boundary row of row subseccionm NSUBY.

BEGX(NSUBY) - The distance from the y-axis to the
left-hand boundary column of row subsection NSUBY.
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ENDX (NSUBY) - The distance from the y-axis to the
right-hand boundary columa of row subsection NSUBY.

JBETA(NSUBY) - Signals type of boundary coadicion ac
the beginning of rows im subsection NSUBY.

= 0 where 4 is known and has the szme value every-
vhere on the boundary. An exception [0 the
condicion of h being equal everywhere on the
boundary 1is discussed on page 2 5.

= 1 for impervious boundary.

= 2 where the h—distribuction along the boundary is
hydrostatic.

JETA(NSUBY) - Signals cype of becundary condition ac
the ends of rows in subsection NSUBY.

= 0 where h is known and has the same value every-
vhere on the boundary. See JBETA(NSUBY) for an
axception.

= 1 for impervious boundary-

= 2 where the h-distribution along the boundary is
hydrostatic.

BCLJ(NSUBY) - The pressure head for am h-specified
boundary ac the left end of the Tows in subsection
NSUBY. 1If h 1s distributed hydrostacically, this
1s the value of h ac the left end of the top row of
subsection NSUBY. Hzs no meaning for am impervious
boundary or for che pressure head boundary discussed
on page 25 ,

BCRI(NSUBY) - The pressure head for an h-specified
boundary at che right end of the rows in subsection
NSUBY. If h is distributed hydroscatically, this
is che value of % ac che right end of the cop row
of subsectiom NSUBY. Has no meaning for an
impervious boundary or for the pressure head
boundary discussed om page 25.

NoTE: Before being used for program coptrol im a
computer, the first two variables om this card
are converted to the J-value of the top and
boctom boundary vows of subgection NSUBY. The
next pair of variables is converted to the I-
value of the lefr amd right boundary columns of
the same subsectlon.

Consider two row subsections, ope of which lies
immediately above the other. At the point where
the two subsections ¢onnect, there 318 either a
geomecrical cbange or & boundary conditiom
change. In either event, ome usually gelects
Ay-values so chac the point of change coilncides
with 2 rov of modes. Such a. zow I8 in a fixed
positlon relative to the r—axis, though 1its
J-value will change if Ay between the x-axis and
che vow changes. Other rows in the vicinity are
subject to change both in position and in J-value
when Ay changes. The row of fixed position will
eicher be the bottom boundary of the upper
subsection or cthe top boundary of che lower.
Thus, the floating row immediately below it or
above it, respectively, will be a boundary of the
othar subsection. These floacing subsection
boundaries are also encountered mext to boundaries
on which pressure heads are specified because
such boundaries are fixed but zre not included in
cross sections.

Becayse it depends on Ay or Ar, che exact position
of a floating column or boundary may be tedious
to determine and may also change 1f mesh inere-
ments are changed durimg the course of solving a
given case. Determining them exaetly 1s noc
necessary, however, if one [ollows certaln pre-
caucions. In gemeral, these rules should guide
the specificacion of subsection boundary
pogicions:

1. The posicion of fixed boundaries should be

specified exactly as a distance z or y.

2. For a floating boundary next co a fixed row or

column:

a. If nearer the primcipal akis than che fixed
line, meagure to the latter and subtract some
guantcity thac is smaller than the smallesc
mesh incremenc likely to be used.




b. If farcher from the principal axis than che
fixed line, measure to the latter and add
some quantity that {s smaller than the
smallest mesh increment likely to be used.

The small quantities mentionmed in 2a and 2b above
should not be smaller thao 0.001.

I€ h ac one or both ends of a subseccion is digerib-
uted hydrostatically, ome must speclfy ics value(s)
for the top row of the subsection. Thus, if that
row 18 a floaring boundary, ome has to locate it
precisely to specify h. STARTY(NSUBX) may be
given either precisely or according to che method
given in the preceding paragraph, but i must be
given ics exact value.

Card Group 12 - One card for each columm subseccion.
Musc be present in lnpuc deck for procesging each
case. TFormat (4F10.2,2I5,2F10.2,E10.2)—one set of
the following variables per card.

STARTX (NSUBX) - The discance from the y-axis co the
lefr-hand boundary column of column subsection
NSUBX. NSUBX is an index variable caking the
values 1, 2, . . ., IGEOM. See page 8, Sub-
division of FPlow Cross Sectiom, and the note at the
end of card group 11 for detailed discussion of
dividing a cross sectlon finto subsections.

STOPX(NSUBX) - The distance from the y-axis to the
right-hand boundary column of columo subsection
NSUBX.

BEGY (NSUBX) - The distance from the xr-axis co the cop
boundary tow of column subsectionm NSUBX.

ENDY (NSUBX) - Tbe diacance from the r—axis to the
bottom boundary Tow of column subsection NSUBX.
IBETA(NSUBX) - Signals cype of boundary comdicion at
the top of the columos in subsection NSUBX.

= 0 for known h boundary.
$ 0 for impervious or flux boundary.
IETA(NSUBX) - Signals cype of boupdary condition at
the bottom of the columns {n subsectiop NSUBX.
= 0 for known h boundary.
# 0 for impervious boundary.

BCOI(NSUBX) - The pressure head for an h-aspecified
boundary at the tops of columms im subsection
NSUBX. Has no meaning for an {mpervicua or flux
boundary.

BCBI(NSUBX) - The pressure head for an h-specified
boundary ac che bottoms of columns in subsection
NSUBX. Has no meaning for an impervious boundary.

FLUX(NSUBX) - The flux of water perpendicular to the
upper, horizoncal surface of column subsection
NSUBX. ©Uuits should be the sama as hydraulic
conduccivity units. For an impervious surface,
FLUX = 0.0. Has no meaning for amn h-apecified
boundary.-

Card Group 13 - A mulciple card group produced by a
previcus run for restart purposed. May also be a
keypunched inicislization deck when a user has some
way to closely approximate the solution PHED-arvay.
For a new run for which che user cannot give an
approximate PHED—distribucion, there is no card
group 13, When a magnetic cape {8 used for restart
daca, there is no card group }3. Format (6D13.6)--
six values of the following variable per card--
unneeded fields im the last card may be blank.

PAED(I,J) - The pressure head value at node I,J as ic

was at the end of the last iteration of the
previous rua.

NOTE: See discussion of DOUBLE PRECISION mentioned
previously under Model Dimensions, page 26- When
magnetic tape 13 used for impuc/output and when
it ia anticipated thar CARRY might subsequently
be vaed to refine the mesh size, chen PHED should
be dimensioned for the mosc refined mesh expecced,
thac ia, 8o chac I,J in PHED(I,J) for the DOURLE
PRECISION scacement have the largest values they
are ever expected to have for the case at hand.
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NOYE: For cross sectious coutaining a large number
of nodes, using a magnectic tape in place of card
group 13 is faster, cheaper, and easier. This
calls for che inclugsion of tape assignmenc cards
among the jJob control cards given shead of the
source deck. It also calls for giving IFILE
(eaxd group 1) some value besides 0. KAREAD
(card group 1), however, must have the value 1
for tape readin as well as for card teadim. See
the discussion of IFILE, card group 1.

Card Group 14 -« A group consisting of two or more
cards. Present in the iopuc deck only if the
processing of a case ig asegmented to txy different
overrelaxation fasctors (NOMEGA = 1). Formst
(P5.2,15)—one sec of the following variables pex
card.

OMEGA - See same variable in card group 2. When given
in this card group, OMBGA {s the 2d, 34, 4th,
value of w to be tried while processing the case at
hand. ’

ITHAX - See game variable in c¢ard group 2. When given
in chis card group, ITMAX ia the value of the
iteration oumber (accwmpulsacing) ac which pro~
cessing using the assoclated w-value will scop.
ITHMAY should have a vslue that {8 a mulciple of
INTPRT.

= 0 on final caxd of this group.

Glossary of noninput variables

A - Used in calculatfon of HEAD.

ALFEA - Represents the angle whose tangent is the
value SLOPE (ioput card group 2).

AX - A term in che finice difference eguatiom.

AY - A term in the finite difference equation.

X, .
- Lagh
Ay,

B - Used 1n calculation of HEAD.

BCL(NSUBY) = BCLJ(NSUBY) and used to set hydrostatic
boundary condition.

BCR(NSUBY) » BCRJI(NSUBY) snd used to set hydroscatic
boundsry counditiom.

CHKTM - To set or reset computer clock and to rtead
elapsed time. This variable might not be necessary
at ocher facilities.

COSAL - Cosine of the angle ALPHA.

X - A term {in the finite difference equation.

- iHeg
ATy

CY - A term 1n the finite diffevrence eguation.

. Xi Y
By,

DEL - Used in setting impermeable and flux boundary
conditions et ends of columns and 18 the elevacion
difference betweep an imaginary node and its real
counterpart immediately inside the boundary.

DELK(MY) = DELX(MX) or DELY(MY) ({nput card groups 10
and 9) incroduced so that either could be used in 2
single algorichm.

DELTA - A term irn the finite di{fference equation.

K. . -KX, . )4 -X... . ]
3 i S 1.2 VPPN A o2 3V A 5. W% D

by + by, Az_ + Azy
DELYM = Az_, that is, Ar to the left of a node.
DELXP = Ary, that i3, Ar to cthe right of a node.
DELYM = Ay., that is, Ay above a node.
DELYP = Ay, chat is, Ay below a node.



. ELEVS - Readip value of ELEV, saved because the latter
i modified rwice in the program.

ELLJ - Elevation of ncde I,J; used In determining
which 801l unit applies at node I,J.

EX - A term in the finlte differeuce equation.

2
T Ar. + Azg

EY - A cerm in the finite difference equacion.

2
by_ + by,

PACTOR - Interpolation factor for calculating hydrau-
lic conductivicy when the corresponding pressure
head lies between two entriles in the table of FTAB
vergus KTAB,

GRAD - Represents che slope of a straight-line segment
in the lower boundary of a 3011 unit. Used in
decermining which aoil unic applies at each node.

HCON(IL,J) ~ Comductivity for mode I,J.

AEAD(I,J) - Bydraulic head at nmode I,J.

HEDA - Dummy variable that represents PHED(I-L,J) ia
finite di{fferemnce equetion. Provides vehicle for
substituting

PHED(I+1,J) + (Ax_ + &x;) sin ¢

in equation for left boundary node when that
boundary is impermesable.

HEDB ~ Dummy variable that represents PEED(I+1,J) in
finice difference equation. Provides vehicle for
subgcicuting

PHED(I-1,J) - (Az_ + Azy) sin a

in equation for right boundary node when that
boundary 12 impermeable.

I - Colum number, |, in the finite difference
equation. Also used as a DO loop fundex.

IBEG(NSUBY) - The I-vglue of the left-hand boundary
c¢olum of row subseccion NSUBY.

IBRK(W,NS) - The I-coordirnace of che Nth breakpoint in
the bottom boundary of the NSth soil unit.

ICEK - Represencs IMGTOP or IMGLSD (input card group
2) so chat either can appear In a single algorithm.

ICT - Counter used in reading restart tape. Enables
program to skip over unwanted files of data om a
tape produced by a multicase rum.

IDUM - Dummy varisble thact represents other variables
where the latter, because of subseripting or
because thay are of the REAL Cype, cannot be used
{n USASI Portran.

TDUMA - Dummy variable used in the same way a3 TDUM.

LEND(NSUBY) - The I-value of che right-hand boundary
¢olum of row subseccion NSDBY.

LJX - Dummy variable thac reprasents a given value of
I or J as the atarting index of a2 DO loop, using I
or J as gn index.

INODE(K) - The I-coordinate of the Kch mode seleccted
for princing under control of INTPRT.

TPRINT - Used with INTPRT (input card group 3) in
controlling frequency of princing PEED-values for
selected nodes and also frequency of checking
elapsed time and number of iterations processed.

ISTART (NSUBX) - The I-value of the lefe-hand boundary
column of columm subsection NSUBX.

ISTOP(NSUBX) - The I-value of the right-haud boundary
columm of column subgecetion NSURX.

ITMAXS - A scorage varisble for ITMAX. When changing
OMEGA values in a run, each w is used a number of
iterations equal to TTMAX. ITMAXS 1s set equal to
ITMAX at che beginning and lacrements ITMAX each
time a4 mew w is read.

IX(MX) - The I-value of the MXth column at which Az

changes iu value.

J - Row -number, J, in che finite difference equacion.

JBEG(NSUBX) - The J-value of the top boundary Tow of
column subseccion NSUBX.
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JBRK(N,NS) - The J-coordinsce of che Nth breakpoint in
the bottom boundary of the NSth sofl umit.

JEMD (NSUBX) - The J-wvalue of the boctom boundary row
of ¢olumm subsection NSUBY.

JNODE(K) - The J-coordinate of the Kth node selecced
for printing control of INTPRT,

JSTART (NSUBY) - The J-value of the top row of row
subgsection NSUBY.

JSTOP(NSUBY) - The I-value of the bortom row of row
subsection NSUBY.

JY(HMY) - The J-value of the MYth tow ac which Ay

changes 1in value.

K - A subscripting index for DO loops.

KAVE - An average value of hydraulic conductivity ar
the surface of the soil. Used in setting non-
gaturaced flux boundary condition.

EKBRTA - Unsubscripted representation of JBETA(NSUEY),
whose value can be changed during execution. Used
in setting boundary condition at left end of row.

KD (MY) - Represents IX or JY so that either may appear
in a single algorichm.

KEND (NCT) - Represents LSTOP(NSUBX), JSTOP(NSUBY),
LEND (NSUBY), JEND(NSUBX) so chat any one of them
may appear in 2 single equatiom.

KETA - Unsubscripcted vepresentation of JETA(NSUBY),
wvhogse value can be changed during execution. Sets
boundary condition at right ead of row.

RSIG - A signal variable; controls flow of program.
KSTART (NCT) - Represents ISTART(NSUBX), JSTART(NSUBY),
IBEG (NSUBY), JBEG(NSUBX) so that amy one of thém

may appear in a single equaciom.

KSTOP - The I-value or J-value of the last colum or
row, respectively, in s subsection. Replaces
subscripted variables as an index in DO loops.

L - Takes the vslues 1-8 gnd is used to break the h-X
table into eighths for the rapid lookup of
HCON(Y,J).

LNUM - Signal varlable; directs flow of program vwhile
princing h-X cable.

LSIG - Signal variable; directs flow of program after
wricing PHED- or YRAD-array.

LSTOP - Tha I- or J-value of the final (boundary) mede
at the end of a row or column. Replaces subscripted
variables 68 an index {n DO loops.

MCOL - The number of columns, including imaginary
colums, in the solucion mesh.

MCT - Represents JGEOM or IGEUM go that el{ther may
appear ipn a single algorichm.

MROW - The number of rows, including imaginary rows,
in the solution mesh.

MSIG - Signal variable; direccs flow of program after
seCting boundary conditions.

MXMYST - Stores the starting value of MX for a given
subsection. Resets MX when starting new rows
within the subsection.

NCT - An index; controls certain program loops.

NSIG - A signal variable; controls flow of program.

NUM - Separates the printed pressure head-hydraulic
conductivity table into four c¢olumns inm which PTAB
increanes down flrst row first, then down second,
and so forth.

NUMA - Used in printing PTAB-KTAB table. Allows
changing formac when blanks occur in fourth segment
of cable. -

NXCRD - Initisl value of NCARDX.

NYCRD - Initfal value of NCARDY.

SDUMA - A dummy varisble thac representa STARTJ(NSUBY),
BEGJI(NSUBY), STARTI(NSUBX), and BEGI(NSUBX), so
that any ¢ume of them may appear in a single
algorithm,

SDUMB - A dummy variable used to represent STOPJ(NSUBY),
ENDI(NSUBY), STOPI(NSUBX), and ENDJ(NSUBX), so that
any one of them way sppear in a single algorithm.

SINAL - The sine of ALPHA.

SUMX - Determinea the I- and J-values associated with
variocus r and y input measuremencs.

SUMY - Used in ssme way as SUMX. .




TIME - Accumulated CPU time in seconds. Its velue is
updated periodically by the internal timing routine
(TASKTH) and compared against ESTIME. When TIME
exceeds ESTIME, the run is stopped.

TTIME - Converts time obtained from TASKTM to seconds.
This variable might noC be necessary ac some
computer facilicles.

XA - An average hydraulic conductivity

8%99H(I,J) + HCOH(I;l.J))
2 .
For preparing rerms for the finite difference equation.
XB - A term in the fin{te diffarence equation.

. Az+(Ki—k,j) + Ax‘(xi+k.j)
Az_ -dzmy
XC - Ao average hydravlie conductiviry

(ECONT, )+ HOON(T+L, )
2 7

for preparing terms for the finite difference equacion.
XDIST - Represents distance in z-direction from y-axis.

YA - An average hydraulic comductivicy
(HCOH(I,J) + ACON(I ,J-1),
2 (4

for preparing terms for che finite difference equacion.
Y8 - A term in cthe finite difference equation.

) Ay,L(xL.'ﬁ) + Ag_(KiIJ-HI)
dy_- By,

YC - An average hydraulic conductivicy
(HCDH(I,J) + ECUN(I.J+1))
2

for preparing terms for the finice difference equation.
YDIST - Represents discance in y—-direcction from z—sxis.
ZHED - Elevacion head used in calculacing tocal hydraulic

head and in secting the drained-to-equilibrium

inieia) PHED-artay.

Appendix B:
CARRY — To Facilitate Changing Finite Difference Mesh Spacing

Operation of such a finite difference
model ag STDY2 produces an array of values of
the dependent variable, each value being
assocliated with a node of the solution mesh
superimpoged over the region of Interesct.

The accuracy with which these values repre-
gent the true values of the dependent vari-
able at these points depends in large measure
upon the mesh spacing chosen before running
the model.

After beginning or even finishing a
golution for a particular mesh spacing, one
may wish to refine cthis spacing in part or
all of the solution mesh and continue running
the medel for an improved estimacte. The
results of the previous run provide a good
estimated distribution from which to start
the improvement rum, but a refined mesh will
usually contain nodes at positions where
values of the dependent variable have not
been estimated and may eliminate some nodes
of the original mesh. Considerable time and
effort would be required to effect the
necessary changes by hand.

In terms of the dependent variable of
STDY2, the purpose of CARRY 1s to convert a
given PHED-array into another of different
mesh spacing. Linear interpolation provides
PRED-values for nodes whose positions do not
correspond with those of nodes in the original
mesh.

Processing imaginary rows and celumng on
the outer limits of the solurion mesh is
unnecessary and, for operaticnal reasons,
undesirable in CARRY; but providing these
rows and columns in CARRY's output deck 1s
necessary for later input to STDY2. To
reserve thelr positions im the card deck or
on magnetlc tape, a value of O is applled at
each imaginary node on the outer limits.

For economy of operation, such imaginary
and unused nodes within the solution mesh as
those within the trench or notch of figures 5

and 6 are processed in the same way as all
octher nodes. Thelr new values are of no
consequence to STDY2.

This appendix contains (1) a program
listing, (2) a glossary of input variables,
(3) a glossary of noninput variables, and
(4) a sample problem,

A program listing of CARRY follows.
Modificarions which might be necessary bhefore
running the program on other computers are
flagged. Their numbering and explanations
are the same as for STDY2, appendix A. In
general, the variables in the DOUBLE
PRECISION and DIDMENSION statements should
have the same dimensions as im SIDY2. For
magnetic tape input/output, it is particu-
larly necessary that PHED and PHEDN have the
same dimensions as PHED in STDY2.

The logic of this program is straight-
forward and is readily apparent from ingpec-
tion of the listirng, Therefore, a flow chart
18 not included.

Glossary of input variables

Input variables are defimed in the order
of their appearance in the ipput data deck.
Figure 14 shows punchecard layouts for the
input data. The menner of presentation 13
the same as in appendix A. As with STDY2,
several cases may be processed during a
gsingle computer run.

Card Group | - Five cards, even if some are blank.
Hust be in the input deck for processing each case.
Formac (20A4) ’

COMENT - Alphanumeric idencification princed at head
of oucput.

Card Group 2 - A single card. Musc be present in
input deck for processing each case. Format
(2F10.2,615)

LGTH - Same value as variable of same name 1o input
card group 2 of STDY2.

DEPTH - Same value as varlable of same name in input
caxd group 2 of STDY2.

Text continues on page 56.



Program listing

C CARRY = GIVEN A TwO OIMENSTCNAL ARRAY OF VALUES OF SOME QUANTIYY AT 4
4 GIYEN. NOY NECESSARILY UNIFORM, GRIC SPACING. THLS PROGRAM PRODUCES
[ A SECOND ARRAY OF TRE SAME QUANTITY OJSTRIBUTED OVER THE SaAxE S1ZE
< AKEA AS THE ORIGINAL ARRAY. BUT wITH OIFFERENT. NOT NECESSARILY
[ UNIFORM.: GRID SPACING. OLO ANDO NEW GRTO SPACINGS ARE CORPLETELY
[ INDEPENDENT .
<
< 3718774,
c
[4
Cevssw POSSIBLE MODIFICATICN TYPE M1y
[
oooy DOUBLE ©RECISION PRED(60.70)
0002 PEAL LGTN '
c
Cessex POSSIBLE NODIFICATION TYPE H3. v
[+
0063 DIMENSION PHREON(60.70) DELX{12) DELXNI12) DELY(12)«DELYN(12)
LIXCY210 IXN(12)eJY {1212 JYN(12) ,COMENT L1001 ,OXLGTH(12) +OXLETNIL12),
2DYLGTH(12) «OYLETINI12)
C
Cxwaex POSSIBLE MOOIFICATION TYPE M4
[
0003 L FEAD (S.5.END=15) COMENT
c
Csnves POSSIBLE MODIFICATICA TYPE M3.
<
oces S FOANAY (20A4}
c
Cessva POSSIBLE MCOILFICATION TYPE Na.
<
0008 YRITE (6.10) COMENT
[
Ceorees POSSIBLE NCOIFICATION TYPRE M3.
C
0cag7 LO FORMAT (YHL.2044/(2024))
cooe GO TO 20
Q009 1S sT0P
6010 20 ~EAC {S:25) LGTH(DEPTH+IFILE [TAPESNCAROY . NCAROX NCROYNNCROXN
0011 25 FORMAT (2F10.2:€15)
0012 FEAD (5430)I[HGTCOP,IMGBEAY, IMGLSD . IMGRSO
0013 30 FORMAT (415)
0014 READ (£+435) (OYLGTR(MY) ,OELY(NY) +MY=1.NCARDYI
0015 35 FCRMAT (A(F10.2.F10.3})
0016 FEAD (5+435) (OXLGTH(MX) ,0ELX(MX),NMX=]1,NCARDX]
0017 READ (5+35) (OYLGTNIMYN) (OELYNINYN) ,MYK=1.NCRDYN)
ooy e KEAD (5+35) (DXLGTN(MXN)sOELXN{XXN) ¢MXN=1,NCROXNI
<
Cews CONVERY X.Y COOROINATE OATA YO | J COORDINATES,snssssvese
C
0a1 9 NYCRO = NCARDY
0020 RXCRD = NCARDX
0021 KYCRDN = NCRODYN
o022 NXCRDN = NCRDXN
0023 NCARDY = NCAROY ¢!
0oza NCAROX = RCARDX ¢ 1
0025 NCRDYN = NCROYN + 1
0026 NCRDXN = NCROXN 4+ 1
0027 DYLGTM{NCARDY} = DEFTH
0028 OYLGTN(NCRDYN]) = DEPTH
0029 OXLGTH(NCARDX) = LGTH
0030 OXLGTNINCROXN} = LGTH
002} OCELY(NCAROY)! = DELY(NCARDY-1)
0032 OELX(NCARDX) = OELX(NCAROX-1}
0033 DELYNINCRDYN) = DELYN(NCROYN=-1)
0034 CELXN(NCRDXN) = JELXNUINCROXN-1)
003s 1€ (INGYOR.EQ.1) GO TC 40
0036 Jr(1l = 1
0037 JYN(1Y = 1
0038 GO YO aS
0039 40 JY(yy = 2
0040 JYN(Y) = 2
00a) 25 DO S0 HY = 2,KCARDY
0042 IDUM = (DYLGTRIMY) =DYLGTR(MY-1)) / OELY{(NY-1)
0043 50 JY{MY) = JY(MY=1}) » IOUN
0044 00 35 MYN = 2,NCRDYN
00as [OUM = (OYLGTN(MYN) = OYLGYN(MYN=1)) ZOELYNIMYN-1)
0036 ss JYKEMYND = JYNCMYN-1) + 10U
c0a7 IF {I¥GBOT.NEL!) GO TO 60
00a8 JY{NCARDY) = JY(NCARDOY) + 1}
0o0ag JYN(NCRDYN) = JYNINCRDYN) + ]
0050 60 MROW = JY(NCARDY)
0051 MROWN = JYRINCROYN)
0052 1F (IMGLSD.EQ.L1) GO TO €5
0053 Ixt1) =1
0CE4 [XNC(YY = 1
0055 GO0 1O 70
€656 65 Ix(y) = 2
0057 IXR(1) = 2 1
6058 70 DO TS MX = 2,RCARDX 1
0056 IDUNM = (OXLGTH(NX) = OXLGTH{¥X=1)) / OELX(MX~-1) .
0060 78 1X(RX) = IX(MX~1) ¢ LDUN 3
51 1




04061
0062
00¢3
0064
aces
aa6s
0cer
Q068

0Cs9
IR d ]

0Cc7y
0C7z
0072
0074
007s
0C76
oc7r7
o078
00749
easa
oo0a1

0og2

0083
onss
0CES
cd8e
o0caz
0088
0089
0090
009}
0092
0093

600G

0093
0096
0697
0098
009G
D100
o101
alo2
a103
aloas
0103
o108
o107
o108

0109
oilo
o111
0112
g113
0114
o1ls
otle
0117
o118
a9
a1zo
0121
0122
0123
0124
0125
ol2s
0127

Qalzg
o129
0130
013
0132
0133
0134
0132
0136
a137

4

00 BO HMXN = 2.NCRDXN
10UM = (DXLGTN{MXN) = OXLGTN(MXN~1)) / DELXN(HXN-1)

a0 TXN(MXM) = [XN{MXN=1) & lOUM

1IF{ INGRSD«NEs1) GO TO 85

I XUINCARDX) = IXINCARDX) ¢ 1

IXNI{NCRDXN) = IXN(NCROXN) ¢ 1
B85 MCOL = IX{NMCAROX}

MCOLN = IXN(NCROXN)

Cene PRINY MEAGLNG ANO TNPUY OATA, wesvasusew

[

c

WRITE (6.901
90 FORMAY (1HO 3IX,4HLGTH 3IX,SHOEATH IXr»SHIFILE 3X.SHITAPE 3IX,S6HNCARDY
1 3IX16ANCAROX 3IX.8EMNCRDYN 3IX,6MNCRDXN )
WRITE (6:95) LGYH.DEPTHAIFILE. ITAPE {NYCRD .NXCRD »NYCRON ¢NXCRON
95 FORMAY (IR 2FE.2418.18,419)
WRITE (6.1001
100 FORMAT (1HOAHMCOL, 3X,4HNRONW 3X,SHMCOLN 3X«SHMROWN )
WRITE (64+105INCCLMROY ( MCOL N MRDWN
105 FORNAT (1H l4.17.218)
MRITE (6+110)
L10 FORMAT (LHO ENIMGTOP IXeSHIMGBOT IX,SHIMGCLSD IX(EHINGRSO )
WRITE (8,115)IMGTOP, IMGBOT, IHGLSO - IMGRSD
115 FORRAY (IM 18.319)
WRITE (641201
120 FOANAT (1HO (SSHVARIAGBLE HESH INCREMENT DATA FOLLOW IN TRIPLETS AS
1 XYz 1/ (S5Xs 73MUHERE X = MEASURED DISTANCE FRON AX15 (OXLGTH, DYL
2GTH, OXLGTN QR OYLGTYN) 37 UL1Xs46HY = ROW OR COLUMN NUWMBER (IXs« J
3Y. IXN Of JYN) Y)/{L1XySOH2Z = I{NCREMENT LENGTH (DELX, DELY. DELXN
4 OR OELYN) Y/UL13H OLD VERYICAL 3]
WRITE {64125) (DYLGTHIK) +JY(K) +OELYIK} ,X=1,NCARDY)
125 FORNAY (iR A(FA,2,15,F8.,3.08x))
YRITE (6.130)
130 FORNMAT (1H I15HOLD HORIZONTAL )
WRITE (8+125) (DXLGTHIK ) s IX{K I «OELXIK) oK=12 NCARDX)
WRITE (&.135)
135 FORNAT {(1H 13HNEw VERTICZAL )
WRITE (64 12%5)(OVLGTN(K )¢ JYN(K) »DELYN{K) «K=1.NCROYN}
WRITE (6.140)
140 FORMAY (1H ISHNEW HORI2ONTAL )
WRITE (5¢125){DXLGTNIK b IXN(X) 1 DELXN(X) s K=1,NCRDXN)

Cess READ ANO PRINT OLD {(INPUT) ARRAY, usedews’ssw

c

1F (IFILE.EC.0) GO TO 150

Ceewwsd POSSIOLE HMADIFICATION TYPE NS,

<

0D 145 €T =2 1,IFILE
145 READ(9) PHEOD
G0 TO L\&0
150 REAO (S54155) UUIPHEO(TI+J) o IwiHCOL )Y, J=1, NROW)
155 FORMATY (8D13.6)
160 WRITE (6.168)
163 FORMAT {1HO 49X4+23H0LD PRESSURE HEAD ARQAY ]
00 170 J 2 ) .MROW
170 WRITE (64178) Jol{PHEO({TeJ)oel®]1HCOL )
178 FORMAY (1H [3,2X,10D12.8/(6X:10012.5))
OO0 1BD J = L:NROYW

tao PHMED (HMCOL#1 «J) = 0.
DO 163 [ = (., XN
185 PREONII .MROWH1] & Ou

Cesa SWEEP ROWS, INTERPOLATING NEW COLUMNE OR COPYING CR DELETING OLO

[4
<

COLUMNS AS REQUIRED. w*vevassssn

If (IMGYDP.EQ.)) GO 7O 190
Tk = 1
GO TO 195
190 [JK = 2
19€ 00 230 J = lJK,®R0W
MY = 1
TOUMA = 2
MXN = )
IDUM = 2
IF {TRGLSO.ER4Y) GO TD 200
r =1
IN = 1
GO TQ 205
200 I =2
IN = 2
208 XPOSA = O
XPOSN = 0.
APCSEB = XPOSA ¢ OELX (1)
210 PHEDONI{ IN«J) = PHEDI(I+J) + ((XPOSN - XPQSA)} / (XPDSB -~ XPDSA)) ®
1 (PHED(LE+¥1,J) - PHED(I.J))
IN = IN +
[F (IN.LE.IXN(IOUM)) &0 TO 215
MXN = MXN ¢ |
[OUN = MXN o )
1F (MXNLGELNCROXN)Y GO TO 230
215 XPOSN = XPOEN + OELXK(MXN)
IXP0OSH = (XPOS8 ¢ ,000008) & 10000
IXPQSN = (XPOSN + .Q0D000S) ¢ 10000 ’
LF (IXPOSNLLT.IXPOSR) 60 TG 210
220 T =1 ¢

52



0138
ol3e
0140
014
o)z
0143
0las
0145
o146

0147
o148
c149
0150
0181
0152
[
0154
0185
a156
Q157
o15¢
0159
0160
0161
0162
0163
0164
0165
01866

0167
0lss8
0169
0170
o171
6172
0173
0174
0178
0476
0177
0l78
017¢
0180
o181
0182
183
‘o184
0185
o186
o187
L3 %:2-]
0189
0100
a19t
092
0153
0164
019s
0196
0197

6198
0199
0200
Q20!
0202

Q203
0204
0205
0206

Q207
0z08
0209
0210
0211
0232
0213

TF (f+L¥.1X(IOUMA)) GO TO 223
MX = HX o 1
TOUMA = WX ¢ 1}
228 xPOSA = XPOSB
XPQS8 = XPOSH + OELX(MX)
1xP088 = (XPOSA ¢ .00000B) # 10000
1IF (IXPOSN.GE.IXPDSHI GO TO 220
GO YD 210
230 CONTINUE
<
Caxs SWEEP COLUMNS [NTERPOLATING NEW RO®S DR COPY(NG OR OELEYING OLO
< ROWS AS REQUIRED.ssssxvssns
<
1F (INGLSD.EQ.1) GO TO 235
10K =}
K = HMCDLN
GQ TO 240
233 1JK = 2
230 00 275 I = 1J4K,HEOLN
®Y = }

IDUNM = 2
[F ([MGTOP.EQ.1) 60 TO 248
Jo= 1
JN = 1
GO TO 250
245 2 =2
JN = 2
250 YPGOSA = 0.
YPOSN = 0.
YPASB = YPDSA o DELY(1)
255 PHED({ T\ JN) = PHEON(I +J3 * ({YPOSH = YPOSA} / (YPDSB - YPOSA}) =»
3 (PHEON{T +Jel]l = FREDNII.J})
c
Cewsx SET IMAGINARY NODES« 1F ANY. ON OUTERMOST ROWS ANO COLUMNS TO ZERO.
< tasaBseNEN,
<
UN = JN + |
IF (JUNLE.JYNUIOUM)) GO TO 260
MYN = MYN * 1
[OUN = KYN + 1
IF (MYNJ.GE.NCRDYN) GO TD 275
260 YPOSN = YPOSN ¢ OELYNI{MYN)
IYPOS8 = (YPOSE ¢ .000005) = 10000
IYPOSN = (YPOSN + .0D0DOS) & 10000
IF {(1YPCSN.LT.IYPDSS8) 60 TO 25%
26% J=J4+1
[F {JsLTeJY(IDUNAY) GO TD 270
WY = MY & 1
(OUMA = MY + 1
270 YPOSA = YPOSB
YPOSS = YPOSE & DELY(MY)
IYPOSB = (YROSB ¢ .000005) ¢ 10000
IF (IYPOSN.GE.LYPOSE} GO YO 26S
GD YO 255
27¢ CONTTINUE
IF (IMGRSD.NE.1) GD YO 285
DO 280 J = 1.MRQWN
280 PHEO (NCOLN+J) = 0O»
28% 1F (IMGBOT.NE.1) GO TO 299
DO 290 1 = ) 4MCCLR
290 PHEO(! +MROWN) = O
286 IF (IMGLSO.NE.l) GO TO 305
DO 300 J = 1. NRCUN
200 PHEO(1,J) = O,
305 IF (IMGYOP.NE.1) GO TD 3153
00 310 [ = | MCCLN
310 PHED(Is1) = 0.
¢
Ceee PRINT ANO PUNCH {OR WRITE ON TAPE) TRE NEW (OUTPUT) ARRAY.ssimszesx
<
315 WRITE (6,320)
320 FOAMAT (1HO0 49X .2IHNEW PRESSURE NEAD ARRAY 3
00 325 J = 1.MRONN
323 WRITE (64176) Js (PREDIT ] Ix1aXCOLN)
IF (1TAPE,EQ.0) GO TGO 338
c
Cewass POSSIBLE MODIFICATION TYPE #S.
c
WRITE (10) PHED
WRITE (6,330)
330 FORMAT (1MO }3NTAPE w&ITYEN. »
60 YO 13
c
Cesses POSSIBLE MOOIFICATION YYPE Mé.
<
335 WRITE {71553 ((PHED(L «J) ¢1=1HCOLN) ¢ =1, NROWN)
wRITE (7.330)
340 FORMAT (18HssswsEND GF FILE )
WRITE (54345}
345 FORMAY (1NO 14HCAQDS PUNCHED. ¥
60 710 1
END

53
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Figure 14.--Input data layout for CARRY.
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Fipgure l4.--Continued.

USOA-FOREST SERVICE PROGRAM NAME: PROGRAM NUMBER:
CARRY
MULTIPLE-CARD LAYOUT FORM FORMAT DESIGNED BY: DATE: PAGE!
] 3/74 2 _oF_2
s |
DXLGTH(L) DELX (1) DXLGTH(2) DELX(2) DXLGTH(3) DELX (3) DXLGTH(4) DELX(4)
[TaY
N o :
“ 3 F10.2 F10.3 F10.2 F10.3 F10.2 F10.3 F10.2 F10.3
‘E’S
o5 0.00 1.000
M 9899989999(9999999995/95999999999999999999/99999999999999899999/35999 99/999999399%
'I!il!i’i’l9IDII12‘IJ‘llIS‘IGI‘.'1l1!?02'22?‘.]1‘2&2671uﬂ!i].l1231NBxiinﬂﬂl\uﬁuﬂl&ﬂﬂdimbl513]5455&55?5!5?50515?53 5 ? U RIIHNBETININDK
o|  DYLGTN(1) DELYN(L) DYLGTN(2) DELYN(2) DYLGTN(3) DELYN(3) DYLGTN(4) DELYN (4)
nop '
3
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IFILE = O when inpuc array {s in card form and output
array 4s 4in card form.
> 0 when input 18 read from tape amnd output is

written on tape. The value indicates the posi-
tion of the {nput f{le on a multifile tape. See
explanation of same var{sble in STDY2, card group
1, for inatruct{ons regarding determination of
posaitiocn.
ITAPE = 0 when output 18 on cards.
% 0 when ourpuc is on tape.
NCARDY - Same value ap variable of same name in card
group 3 of STDY2,
RCARDX — Same value as variasble of same oame in card
group 3 of STDYZ.
NCRDYX - The mmber of DYLGIN-DELYN pairs in card
group 6 of chis program.
RCEDXN - The number of DXLGTN-DELXN pairs {n card
group 7 of this program.

Card Group 3 - A single card. Must be pregent in
dnput deck for procesaing each case. Pormat (415)

IMGTOP - Same value as variable of same name in input
card group 2 of SIDY2.

IMGBOT - Same value as variable of same name
card group 2 of SIDY2.

IMGLSD - Same vealue ag variable of same name in input
card group 2 of STDY2.

IMGRSD -~ Same value as variable of same mame in {inpuc
card group 2 of STDY2.

Card Group 4 - One to three carde depending on the
nunber of changes of Ay fn the old (input)
golution meah. Must be present in fppur deck for
processing each cede. Format (&(F10.2,F10.3))

Por a given case, this card group is idemnticsl both
fn variable vames and in values to card group 9
of the imput deck far STDY2.

Cerd Group 5 — One to three cards depending on the
number of changes in Ar in the old (dppur)
solution mesh. Must be present in input deck for
processing each case. Format (4(¥10.2,F10.3))

Por a given case, this card group is identical both
in variable names and in vsluea to card group 10
of the input deck for STDYZ.

in input

Card Group 6 ~ One to three cards depanding on the
muzber of changes in 4y {n the mew (output) solu-
tion mesh. Must be present in inpot deck for
processing each case, Pormat (4(P10.2,F10.3))—
four pairs of the following variables per card—
ummeeded fields f{n the last card say be blank.

DYLCTN(MYN) ~ The distsnce from the z~axis to the
MYNth boundary between regiona of differeat dy in
‘the new (output) solution mesh.

DELYN(MYN) - The MYNth value of Ay in che new (ouctput)

mesh,

NOTE: When the unew (ocutput) deck has been obrained
from CARRY, this card group may be substirtuted
direccly 1nco STDY2's {mput deck as csrd group 9.
The values. in che carda are then equated to .
DYLGTH(MY) and DELY(MY).

Card Group 7 - One to three cards deperding on the
muber of chsnges in Ax In che new (output) solu~
tion mesh. Must be present in Input deck for
procesging each case. Format (4(F10.2,P10.3))—
four pairs of the followlng varfiablea per card—
unneeded fields in che lagt card may be blank,

DXLCTN (MXN) - The distance from the y—axis to the
MXNth boundary between regions of different Ax
in the pew (outpuc) golution mesh.

DELXN(MXN) - The MXNth valur: of Ar {n the new (output)

mesgh.

NOTE: When the mew (output) deck has been obtained
from CARRY, this card group may be substi{tuted
directly into STDY2's Laput deck as card group
10. The values in the cards are then equated to
DXLGTR(MX) and DELX(MX),

Card Group 8 - Group of seversl cards, the mmber
being dependent upon the number of nodes in the
solution mesh. When magneric tape i8 used for
{nput, there is no card group 8, Pormat (6D13.6)—
8ix valuas of the following vartable per card—
unneeded fields in cthe lagt card may be blank.

PEED(I,J) ~ The value of pressure head at the node at

the intersectfon of the Ith columm and Jth row of
the old {(input) mesh.

See PHEDN(I,J) in glossary of noninput varisbles
for use of PHED-array after input is complete.
NDTE 1 When magnetic tspe is used for f{mput/output,
be gure chat PHED(Z,J) and PHEDN(I,J) in CARRY
are dimensioned exactly ss PHED(I,J) is in STDY2.

When punch cards are used, PHED(I,J) and PEEDN(I,J)
nust have dimensions at least as large as those
needed for the mew (output) mesh. Dimensioning
i8 specified in the DODBLE PRECISION and
DIMENSION statements.

Glossary of noninput variables

I ~ Column number, [, in the solutidm mesh.

ICT - Counter used in reading testart tape, Ensbles
program to skip over umwanced files of data on a
tape produced by a milticase rum.

IDUM - Dumay varisble; represents other varisbles
wbere the latter, because of subscripting or
becauge they are of the REAL type, capmnot be used.

IDUMA - Dummy variable used in pame way as IDUM.

LK ~ Dummy varieble representing the I- or J-value
with which to atart a DO loop.

IN - Index varisble used in place of I to represent
colum position when getting up the ocutput arreay.

IX(MX) - The I-value of the MXth columm iIn the old
(input) mesh ac which Ar chenges in value.

IXN(MXN) - The I-value of the MENth columm {n the new
(ourput) mesh nt which Ax changes in value.

IXPOSB, IXPOSN - Integer representacions of XPOSB and
XPOSN after adding .000001 and mulctiplying by
10,000. Necesgary for comparing equality because
resl number comparisons are not reliable.

_ IYPOSB, IYPOSN - Integer repreaenca:ions of YPOSB and

b6

msu. See IXPOSB and IXPOSN.

J - Row mumber, }, in the golution meah.

JN - Iedex variable used in place of J to represent

row position when secting up the output array.

JY(MY) - The J-vaiue of the MYth row in the old

({nput) mesh at ¥hichk Ay changes in value.

JYR(MYN) - The J-value of the MYNth row in the new

(output) mesh ac which Ay changes {n value.

K - A DO loop {ndex.

MCOL - The number of columns, including imagirvary

columng, im the old (input) solution mesh.

MCOLN - The oumber of columns, including imaginary

columns, in the new (ocutput) solution mesh.

MROW - The number of rows, including imaginary rows,

in che old (input) solucion mesh.

MROWN - The pumber of rows, including i.umghmry rovs,

in che new (output) solution mesh.
NXCRD - Storage variable representing the :anut
variable NCAEDX (card group 2).

NECEDN - Storage variable repregenting the input
variable NCRDXN (card group 2).

NYCRD - Storage varisble repregenting :be input
variable NCARDY (card group 2).

KYCRDX - Storage variable repreeenting che input
variable NCRDYN (card group 2).

PHEDN(I,J)-=The value of pressure bead at the (1,J)ch
node in ap ipterwediate mesh. Each. row of
PHED(L,J) 13 ewept from left to right ao thac
PHED-values at nodes at common.distances from che
left boundary are copied ilato PEEDN. Values at
inserted nodeg are interpolated linearly and also
entered into PHEDN ar che proper distance from
the left boundary. When all rows are swept,
PHEEDN contains an array with the number of columms



' to be contained in the output array but with che
number of rows contafned in the imput array.

The columns in PHEDN are then swept from top to
bottom, reeding values at common diatances from
the top back into PHED and interpolating values
for ingerced nodes. When columm sweeping is
finished, PHED contains the output array wich the
desired number of columns and rows.

XPOSA, XPOSN, XPOSB - Distances from the y-axis.

A node ip the new array (PHEDN) with coordinaces
(IN,J) may fall between two nodes in the old
(1nput) artay with coordinates (I,J) and (I4+1,J).

XPOSA gives the distance to (I,J)
XPOSN gives the distamce to (IN,J)
XPOSB gives the distamce co (I+1,J)

These form the bagils for interpclating PHEDN(IN,J)
between PHED(I,J) and PHED(I+1,J).

YPOSA, YPOSN, YPOSB - Discances from the z-axis.

See. XPOSA, XPOSN, XPOSB descripciom.

YPOSA gives the distance to (I,J)
YPOSN gives the discance to (I,JN)
YPOSB givea the diatance to (I,J+1)

These form the basis for interpolacing PHED(I,JN)

between PHEDN(I,J) and PHEDN(L,J+l). .

Sample problem

Figure 15 shows the cross section of
figure 4 with a superimposed uniform mesh of
l-cm gpacing. Figure 16 shows sample data

4 ° °
S ®@ @
6 @ O

9 (g
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for converting the PHED-array yilfelded by a
STDY2 solution for thar spacing te am array
with the mesh spacing of figures 8 and 9.
Figure 17 shows the printout for the sample
run, including the new array of FHED-values.
Discussion of the STDY2 sample problem in
the text noted that node (2,2) seemed to
converge most slowly. Taking its comverged

‘value, -23.407 cm, a8 an index of comparisonm,

the STDY2? sample problem converged to within
99 percent of that value in about 80 iter-
ationg with w = 1.60. Conceivably, an
investigator might have approached the septic
tank problem first with the coarser mesh and
then might have wanted to refine it. Instead
of starting mmew, as in the STDY2 gample
problem, the converged PHED-array for the
coarser mesh might have been used as the
basis of the inittal guess for the refined
mesh. The data for the CARRY printout were
given STDY2 in the form of a reatart deck,
and convergence to the same solution as that
achieved tn the STDY2 sample problem was
reached 1n 45 iterations, a saving of about
43 percent.

© ®© © @ ®© @ ®©

@

Scale 0 i

3 cm

Legend: e Calculation Node

® Imaginary Node
{(sJ h-Specifled Boundary Node

Figure 15.--Uniform l-cm mesh superimposed on cross geccion of figure 4.
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Pigure 16.--Ioput data for CARRY sample problem.

DATA SHEET _ CARRY Date 3/74 Page 1 of 3
Came Small-Scale Sepriec Tank Name
Card Grp 1
Variable COMENT
Fordat (20A4)
Value C4 1 CARH—-COWERTH{G SMALL~SCALE S C TAWNE (b x 7 Q{) RESTART

Cd 2 O[.D:DiJ.‘EAX-dELTAY-lD(

cd 3| wew: PINE MESH SIZE NEAR NOTCH

cd 4| BLANK

Cd S BLANK
Card Grp 2
Variable LGTHE | DEPTH IFILE | ITAPE | NCARDY | NCARDX |NCRDYN | NCRDXN
Formac F10.2 | P10.2 15 I5
Value 6.00 |7.00 0 0 1 1 3 3
Card Grp 3
Variable | IMGTOP | IMGBOT | TMGLSD | IMGRSD
Formac 15 e m— 15
Yalue | 1 0 1 1
DATA SHEET _ CARRY Date _3/74 Page 2 of _3
Cape Small-Scale Septic Tank Name
Caxd Grp 4
Varisble | pvieTR | DELY PYLGIR | Dery  Jovierd | pery  |nvigma | DRIy
Format ?10.2 | F10.3 | F10.2 710.3 | F10.2 F10.3 | F10.2 F10.3
Value 0.00 1.000
Card Grp 5
Variabla DELGTH DELX DXLGTH DELX DXLGTH DELX DXLGTR DELX
Formac F10.2 | F20.3 | Fl0.2 P10.3 | F10.2 P10.3 | P1D.2 F20.3
Value 0.00 | 1.000
Card Grp 6
Varigble | DYLGTN | DELYN | DYLGTN | DELYN |DYLGTN | DELYN |DYLGTN | DELIN
Format F10.2 | P10.3 | ¥10.2 F10.3 | F10.2 F10.3 |F10.2 F10.3
Value 0.00 | 1.000 1.00 0.500 | 5.00 1.000
Card Gxp 7
Variable DXLGTN DELXN DXLGTR DELXN DXLGTN DELXN DXLGTN DELXN
Format ¥10.2 | F10.3 | Fl0.2 F10.3 | F10.2 F10.3 |F10.2 £10.3
Value 0.00 | 1.000 2.00 0.500 | 5.00 1.000
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DATA SHEET _CARRY Date 3/74 Page 3_ of 3
Case Small-Seale Sepcie Tank Hama

Card Crp 8

Variable- PHED PHED PHED PHED PHED PHED

Format D13.6 D13.6

Value USE RESTART DECK PRODUCED BY STDY2 RON

Figure 16.--Contipued.

CARRY - CCNVERTEING SWALL SCALE SEPTIC VANK ({6X7 CM)} RESYARY
OLD: CELYA X = DELTA ¥ = | &M
NEm{ FINE WESK SIZE MEAR NOYCH

LG TH DEPTH TFILE 1T4PE NCARQY NCARGX NCRDYN NCRDXN
6.00 7.00 ] -] 1 [} 3 3

RCOL MARQW HCOLN N&RQwWH
-] < 12 13

1mGYQP 1Nge0oT INGL SO IMGRSD
1 o L 1

VARIABLE HMESH INCREWMENY DATA FOLLOW IN TRIPLEYS 48 XYZ

WHERE X = MEASURED DISTANCE FROM AXJS (OXLGTH: OYLGTM. OXLGTN OR DYLGTYN}
¥ = RCw OR CCLUMN NUMBER (fX, JY. IxXr OR JYWN)
1 = IRCREMENT LENGTH (DELX» DELY. OELXN OR OELYNJ
OLD VERTTZAL
0.0 2z 1.000 7.00 9 1.000
OLD ROFIZONT AL
0.0 2 1.000 6400 o 1.000
NEW VERYICAL
0.0 2 1.000 1.00 3 0.500 5.00 1l 1.000 ?.00 13 1.000
NEw HORYZONTAL
0.0 2 1,000 2.00 LY d.500 3.00 o 1.000 £.00 12 1.000

OLD PRESSURE HEAD ARRAY -
=0:800000401-0+27110D+02-0.27104D402-0.270640402-0.268270402-0,254920+02-0,23246D¢02-0,237750%02~0-600000+01
=0.700000401-0.240820402-0.260530402-0.259220+02-0.28512D302-0.244960+02-0:23528D¢02-0+23)1490402=04+700000+0)
=0,600000¢01-0.251100+02-0.s25104D402-0.250640+02-0224827D¢02-0,238920+402-0.222480402-0.2)7750+02-0+8000800+01
~C.500000+01-0.261480%02-0.241BTD+02-0.24395D+02-0.25286D+02-0.224620¢02-0.20255D¢02-0.195100+02-0-50000D+01
~0.400000%01-0.231100402-0.,231040¢02-0.210&4D¢02-0.300000402-0.2103804062-0.170200+02-0.159180202-0.400000+0}
—€.300000401-0,300000402-0.30000D+02-0.300000¢02-0.300000¢02-0,162280402=0-120410402-0-110180+¢02-0+30000D%0%
—0+200000%01-0.118650%02-0.115030302=0.1133)60+02=0,304070302-0.781470+01-0.0651810401-0.614330+01-0.20000D¢01
=G.100000+01-0,397330401-0.39487040({=0.38396D+01-0,356610%01-0+303560¢01-0:27201D¢01~0-2562040401-0.100000+401
6.0 0.0 0.0 @0 0.0 0.0 0.0 0.0 0.0

OENN PN —-

NEW PRESSURE HEAD ARRAY
1 0.0 0.0 0.0 0.0 00 0.0 0.0 Qe 9.0 0.0

€.0 0.0

2 0.0 ~0.260B20902- 0, 26C330202~0.259220402-0+25717D402-0,255120+02-0,250080402-0,24496D¢02-04240120+02-0.236260+02
-0 x231490402 0.0

3 a.0 =0.,251100¢02-0.251040¢02-04250A30402-0.24945D+02-0.288270+02-0.281500+02-0.234520+02-0:228700%02-0422246D+02
~0s21775D+02 0.0

4 Q.0 =0,240230¢02-0.24045D402-0.247290+02-0,248940¢02-0.250380¢02—0+2401TO402-0,2297704(02-0-221170%02-0-212300+02
-0-2056420+02 0.0

L3 0.0 ~0.2%148D¢02-0,.241087D+02-G.24395D¢02-0-24842D0¢02-0:2528B0¢02—0,238T730602-0,.22462D402=-0,21364D¥D2-0.,20206050+02
—0.195100+02 0.0

& 0.0 ~0.235290402-0.23646D+02-0,23729D402-0.25667D¢02-0.2756840+02-0.246570¢02-0-217500¢02-0,202010402-0.1863520+02
=0:177130+02 0.0

7 0.0 ~0.2311100¢02-0.234040¢02-0,230630402~0.262320+402~0.300000+02~0.255190¢02-0:21038D+02-04190390402~0,170000+02
=0.139150+02 0.0

B 0.0 ~0+26555D+02-0.265320+02-0.2653204¢02-0,282660002-0.30000De02-0.263170¢02-0+18633D¢02-0.165670402-0-14540D0402
~041346SD+0Z 0.0

9 0.0 =04300000¢02-04300000402-0.300000>02-0,30000D+02~-0.30000D+02-0,231140402-0.16228D¢02-0.141340¢02-0,120410%02
=0.110160¢402 0.0

10 g.0 =0420B320¢02~0.208010302-0.206550402-0.20486D202-0.20243D¢02-0.161320502-0:12021D0¢02-0.106500+02-0.927970+01
=040858000¢01 0.0

11 c-0 =0+ 11665D¢02-0.11603D302-04113380%02-02109110902-0:104870302-0.5915060201=0,781470¢01-0x71666D+0(~0.631810»0}
-G.£1844090) 0.0

12 0.0 =0+ 39735D¢01-0.394570401-0.3683980¢0(-0-3T7030D*01~0.756610+01~0.330090401~-0,30356D+01~-0.2677590¢01-03,272010401
=0,262040+01 0.0

13 0.0 d.a Q.0 a.0 0.0 0.0 0.0 0,0 0.0 0.0

C.0 0.0

CAROS FUNCHEON
) Figure 17.-~Printout of CARRY sample problem.
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Appendix C:
COMPAR — For Comparing Two-Dimensional Data Arrays

This program was developed specifically
for comparing PHED-arrays obtained from
program STDY2. But it cam be used for
comparing any pair of two-dimensional data
arrays, provided they have the same mumbers
of rows and columns.

STDY2 iteratively solves a system of
finite difference equations to change an
ardpitrary array of PHRD-—values to ome that
satisfies bome particular set of boundary
conditions. This solution array 1is
approached asymptotically, so that one may
decide that a solution is acceptable 1if, at
each node in the solution mesh, PHED-values
from successive iterations do not differ by
more than some small amount.

COMPAR receives two PHED—arrays as input.
At each nmode of the solution mesh, it obtains
the ratio of the difference inm the two PHED-
values to the value of one of them. If the
ahsolute value of this ratio is larger tham a
value gpecified by the user, informarion is
printed that identifies the locatlon of the
node and gives the two PHED-values and the
ratio.

A program l1sting of COMPAR is given
below. Modificatioms that might be necessary
before running the program on other computers
are flagged. Their numbering and explana-
tions are the same as for STDY2, appendix A.
For magnetic tape input, PHED1(I,J) and
PHED2(I,J) mugt be given the same dimensions
es PHED(I1,J) in STDY2. This dimensioning is
done by means of the DOUBLE FRECISION
etatement in COMPAR.

The logic of this program is straight-
forward and 18 readily deduced from ingpec-
tion of the listing. M¥o flow chart is given.

A user may compare more than one pailr of
arrays in one COMPAR run by simply submitting
an input data deck for each case compared.

Glossary of input variables

Input variables are defined in the order
of their appearance in the input data deck.
FPigure 18 shows punchcard layouts for these
data., The manner of presentation is the same
as Iin appendix A.

Card Group | - Pive cards, even if some are blamk.
Must be L{n che input deck for processing each case.
Format (20A4)

COMENT - Alphamumeric identification printed at head
of output.

Card Group Z ~ A single card,
inpuc deck for processing esch case.
(D13.6,315)

DLIMIT - 1f RATIO (defined in che glosssry of noninput
varisbles) exceeds the value given for DLIMIT, a

Must be presemnt ia
Pormat

€0

line of printout identifies the offending node.
Because the wmain purpose of COMPAR {s comnvergence
checking, one usually selects am a value for DLIMIT
the maximm value of BATIO he {s willing to accept
in what he cousiders a comverged solution.

¥ROW - The pumber of rows ip che solution mesh. This
value 18 obtained from the printout of the STDY2
case producing che arrays compared.

MCOL - The number of columms in the solution mesh.
This value 18 obtained from the printout of che
SIDY2 case producing the arrays compared.

IPILE = 0 {f {nput array is in card forw.
> 0 if input {8 read from tape. The value {s che

position of che input £ile on r multifile tape.
See explanatioo of same variable in STDY2,
glosgary of input varishles, card group l. This
program reads two files at once, however, Bo that
the definition of R and 3 in the equation IFILE =
R - S muat be modified:
R = the mumber representing the position of the
PHED]1 file on the tape
§ = che mmber representing the posicion ou the
tape of the second file (PHED2) read in by
the preceding case of the same run (has
the value zero for the firac case of the
Tun)

Card Group 3 - A miltiple card group produced by a
STDY2 run. If SIDY2 wrote magmetic tape, there is
no card group 3. Format (6D13.6)—six values of
the following variable per card--unneeded fields id
the lsgt card may be left blank. .

PHED1(I,J) - The pressure head value at node (1,J) of
the solution mesh. See PEED2(I,J), card group 4.

Card Group 4 - A multiple card group produced by a
STDY2 run. If STDY2 wrote magnetic tape, there ia
e card group 4. Format (6D13.6)—six values of
the following variable per card--unneeded fields in
the last card may be blank.

PHED2(1,J) - The pressure head value at node (I,J) of
the solation mesh. The arrays containing PHEDL
and PHED2 are obtained from STDY2 one or moTe
icerations apart. Through the use of IDSLE,
STDY2 card group 3, theae arrays are 15 iter—
ations apart. When using cards, however, the
uSer mAy reatart a case amd obtain PHED2 after
any sumber of iterariong, consldering the cards
ugsed in che input data deck for restart eas PHEDI
1f he wishes.

NOTE: If magnetic tape is used for impuc, be sure
thac PHEED1(I,J). and PHED2(I,J) are dimensioned
exactly the same as PHED(I,J) in STDY2. Xf pumch
cards are uged, PHFD1(I,J) and PHED2(I,J) must
bave dimensions at least as large as chose
exhibited by the inpur daca. Dimensioning is
specified in che DOUBLE PRECISION and DIMENSION
atacements.

Glossary of noninput variables

DIFF - The abacluta difference batween PHED1 and
PHED2. .

1 - Colunn number, I, in the arrays being compsred.

ICT - A counter used In selecting tha wantad isput
file from a multifi{le tapa.

J - Row nuzmber, |, iu the arraye being compared.

SATYO - DIFY divided by PHEDL.
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Program listing

g COMpPAR —— COMPARES DATA IN TMO ARRAYS, PHEDIC().J4}
C ANO PHED2{14J), OF EQUAL DIMENSIONS.
g 3/18/74
g.lllt POSSIBLE MOQOIFICATION TYPE Ml
0001 ¢ DOUBLE PRECISION PHEDY (60,70),PHED2(8C,T0),RATIODIFF,OLIRIT

Creose POSSIBLE KODIFICATION TYPE X3.
[

0002 DINENSION COMENT {100}

C
Cessne POSSIBLE MOOIFICATION TYPE M4,
[

0003 S5 READ !5,10/ENDO=T0ICCHENT

0004 10 FCRMATY (2024)
0005 WRITE (6,153 LGMENT

Q006 LS FORMAY {LH1,2024/{20A41)

0007
o008 20 FCRMAT (C13.8,315}

0009 WRITE 186,25}
0010 29 FORMATY
ool

READ 15),20) DLIKIT,HROM,MCOLLIFILE

(LHQ 6 X 6HOL IKIT &6X y4HMRON 32X AHMICL 2X, SHIFILE )
KRITE (4,30 OLEFIT.MROM,MCOL.IFILE

0012 30 FORMAY {1H D13.6.16.17.18)

0013 MRITE 16,35)

0014 35 FORMAT (1HO 2X,1H] 2X,LHJ 5X,SHRATIO S$X.10HPHEDLLI,J) 3X.

110HPHED2(1,J) 17

[(PHEOLIT »u) 41 =L NCOL} yI=l MROKR)

0015 If LYFILE.NE.O) 6C TO 45
ao0la READ (5.401
0017 40 FORHMAY {6D13.6)

READ (5,40) ((PHED2(I+J}s)=1,MCOL),d=1,FROW}

oole

oole GO TD 55
C
Cesews POSSIBLE MOOVFICATION TYPE MS.
<

0020 45 OC SO0 1CT = 1, 1FILE

0021 READ {9} PHEO]L

0022 50 READ (5) PHED2

C
Cwss COMPARE ARRAYS NODE BY NOOE »vvwswssxe
4

IPHED1(T1,0).EQ.0.0R.PHED2{I,J}.EQ.0) GO TO 65

1 »JiRATIOLPHEDL (] 4 J) 4 PHED2LI, I

0023 55 DT &5 J =< ),RRCwW
0024 00 65 | = 1,RCOL
0025 1F
0026 OIFF = DABS(PHMEOL(L,J) — EHEDZ2LI,J1)
0027 RATIO = DABS (DIFF /7 PHEDYII,J))
0028 1F {RATJO.LT.CLIHYTI GO TC 65
0029 WRITE (&,60)
Q030 60 FORMAT (1X,2[3,3C13.6)
0031 65 CONT{NUE
0032 GD Y0 5
0033 70 STOP
0034 £ND
Appendix D:

List of Non-Fortran Symbols

h - Soil water pressyre head (L).

H - Hydraulic head (L).

j — Column number in solutfion wmesh.

J - Row number in solucion mesh.

K - Hydraulfc conductivity (LT-1).

m - lceration number in the findte differencing acheme.
v - Flux race (LT1).

z - Discance parallel to z-axis of the Cartesian

coordinate system, positive to the vright (L).

y - Distance parallel to the y-axis. FPor purposes of
presentacion of the model equacions, y 1s positive
upward. The significance of this is that infil-
tracion 1s a negative flux and upward evaporacion
is & positive flux. PFor purposes of measurement
between the x—axis and rows of nodes in the solu-
tion mesh, however, y is positive downward (L).

8 - Elevation above a datum (L).

& - The tangeat of the angle o is the slope of the
cross section.

Ar_ - Length of mesh increment to left of aode |,]
in the solution mesh (L).

Ar, - Length of mesh {ncrement to right of nede |, ]
(L.

Ay_ - Length of mesh increment above node i,]
L.

Ay, - Leogth of mash increment below node |,
).

w - Overrelaxation factor.
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Appendix E:
Program Updating

Alchough the program has been run for &
number of different cases, there will :
undoubtedly be reason to alter it in the
future—-either to correct as yet undetected
errors, to modify output formats, or to
lmprove efficiency.

Notification of updating will be by
mimeographed reports. Users who wish to
receive update notices should ask to be
placed on the update mailing lisr by writing
to the author:

C. R. Amerman

USDA ARS

207 Business Loop 70 East
Columbia, MO 65201
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