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WATER MOVEMENT THROUGH SATURATED-UNSATURATED POROUS MEDIA:
A FINITE-ELEMENT GALERKIN MODEL

M. Reeves and J. 0. Duguid

ABSTRACT

A two-dimensional transient model for flow through
saturated-unsaturated porous media has been developed.
This model numerically solves the governing partial differential
equations, which are highly nonlinear. The model code uses
quadrilateral finite elements for the geometrical assembly,
bilinear Galerkin interpolation for the spatial integration,
and Gaussian elimination for the solution of the resulting
matrix equations. In addition to the usual constant-flux
and constant-head boundary conditions, the code is capable
of applying pressure-dependent boundary conditions at the
ground surface. Thus, infiltration into or seepage from
this surface may be simulated. Each element may be assigned
different material properties that allow the investigation
of layered geologic formations.

The formulation of the governing equations and the
computer implementation are presented. The report is intended
for use as a complete user's manual and contains a listing
of the computer code (in FORTRAN) along with both input and
output data for two example problems.

The results of a computer simulation are compared with
experimental data obtained by J. D. Hewlett and A. R. Hibbert
from an inclined soil slab at Coweeta Hydrologic Laboratory
in North Carolina. The computer model gives good results in
this simulation.

The Galerkin finite-element method is found to be superior
to the finite-difference method used by previous investigators.
Here a comparison with a finite-difference model developed
by R. A. Freeze is made. By exploiting the flexibility of the
finite-element geometrical discretization, the user may easily
reduce computer running time by a factor of two,



I. INTRODUCTION

The equations governing the movement of moisture through saturated-
unsaturated media may be formulated in the most general form when the
flow of both air and water is considered. The coupled set of equations
in the unsaturated region can then be treated by multiple-phase flow
techniques. This approach was carried out by Green et al, (1970) and
by Van Phuc and Morel-Seytoux (1972). Here the advantage is that the
equation for air movement allows for the extreme drying of the unsaturated
zone that is encountered in desert regions (personal communication with
S. P. Neuman, Institute of Soils and Water Agricultural Research Organi-
zation, Bet Dagan, India). The disadvantage of such a formulation is
that in a large basin-oriented model the added computational complexity
drastically restricts the size of the region that may be modeled.

In an effort to develop a simpler model that gives good results in
many flow problems, soil physicists have formulated a single equation
in terms of fluid pressure. This equation is valid where the combined
air-water system can be treated as a single phase (i.e., air pockets
do not develop within the medium). Transient two-dimensional models
that are based on this equation for saturated-unsaturated flow were
pioneered by Rubin (1968). His paper was followed by other two-dimensional
applications: Hornberger et al. (1969), Taylor and Luthin (1969), and
Verma and Brutsaert (1970). These studies used Laplace's equation in the
saturated zone and therefore were limited to near-surface flow in
homogeneous, incompressible, and unconfined aquifers. Cooley (1970)

studies pumiring from an unconfined system using a form of the more

general equation that was presented by Freeze (1971a).



A series of papers by Freeze (1971a-1972c¢) presents the formulation
of a model using a more general form of the equation for transient flow
through saturated-unsaturated porcus media. This equation includes the
compressibility of the medium and the compressibility of the fluid, and
applies to either confined or unconfined inhomogeneous aquifers. TFreeze's
computer model is capable of solving transient problems in either two- or
three-dimensional regions with a wide range of surface boundary conditions.
Here it must be pointed out that a transient three-dimensional model has
a large core storage requirement and is thus limited to small regioms.

All of the computer models discussed previously use the finite-
difference method to solve the governing flow equation numerically. The
parameters of the governing equation as well as the boundary conditions
are highly nonlinear functions of the dependent variable. Because of this
strong nonlinearity, attempts to solve problems using the finite-difference
method were never entirely successful. The numerical instabilities en-
countered in the solution can only be minimized by reduction of both ele-
ment size and time increment. These reductions increase the computer core
and time necessary for a given simulation. However, Verma and Brutsaert
(1970) found that the solution converges faster when Gauss elimination
is used for the solution of the resulting matrix equations than when other
less implicit iterative procedures are used.

Because of the numerical instability encountered and the difficulty
in fitting elements to irregular regions using the finite-difference
method, we decided to investigate the possibility of using the Galerkin

finite-element method. We had found in earlier unpublished work that



numerical instability was decreased by Galerkin integration but did not
completely disappear. Neuman (1974) has also demonstrated that the
Galerkin finite-element method gives more stable solution to the governing
equations. Because of the increased stability, element size and time
increment can be increased. The increases reduce the computer core and
time necessary for a given simulation while maintaining a realistic degree
of accuracy in the solution. Conversely, the finite-element approach
allows the solution of the governing equation over a larger region.
Another advantage of this method is that irregular region boundaries can
be treated in a more realistic manner (i.e., a sloping boundary can be
considered).

The purpose of developing a new two-dimensional transient model was
twofold: (1) to allow an investigator to study the moisture movement
through saturated-unsaturated porous media; and (2) to provide the transient
fluid velocities necessary for the solution of material transport problems.
The authors (Duguid and Reeves, 1974) have developed a computer model to
simulate transport of dissolved materials. In addition to advection arising
from the Darcy velocity, this model includes effects of dispersion,
adsorption, and radioactive decay.

In investigations of the movement of fluid through a poraus region,
the model must have the capability of applying general boundary condi-
tions. The model developed in this study has the capability of using
such boundary conditions as constant seepage, seepage arising from pre-
cipitation, and the development of seepage surfaces. The combination
of these boundary conditions allows the investigation of problems that

arise in nature.



The use of a compartmental model or a model that does not solve
the governing physical equation will not generate the detailed velocity
information required for solution of mass transport problems. The fluid
velocity output from the model described in this report can be used as
input to a second model which considers material transport. Here the
user must be cautioned because the velocities from this code are
discontinuous. The discontinuities in velocity are a problem when the
advection term of the material transport equation is large. 1In other
words, continuity is not satisfied when the coefficient of diffusion is
small (personal communication with George Pinder, Princeton University,
Princeton, New Jersey). This problem can be eliminated by obtaining the
velocities by direct solution of a coupled set of equations. This in-
creases the computer core required because the dependent variables in-
crease in number from one to three. Because of the generality of the
Galerkin finite-element method, the code may be easily modified when this
problem is encountered. "

To use the code described in this report requires a rather extensive
data base. Geometrically the region to be considered must be defined.
Such information as surface elevations, bed-rock depths, soil-water -
divides, soil horizon depths and thicknesses, and geological stratification
is required. Soil properties are necessary. In the saturated regions
conductivity and medium compressibility are needed for each formation.
In the unsaturated regions curves of conductivity vs. pressure and of
water content vs. pressure for each soil type are required. It is, of
course, most desirable to have experimental measurements taken from

the region to be considered. However, values reported in the literature



for similar soils may be substituted as required. Finally, boundary
conditions, precipitation rate as a function of time, stream depths, and
depth of water in seepage pit, for example, must be specified. The large
quantity of input information required by a physics-based model such

as ours is cumbersome. However, for situations of potentially substantial
pollution of surface and ground waters, the authors know of no viable

alternative.



IT. THEORETICAL DEVELOPMENT

The approach used in this study employs a single equation that
considers only the flow of water. The air phase has been assumed to
be continuous and is at atmospheric pressure; therefore, there can be
no entrapped pockets of compressible air in the flow system. This
assumption could prove to be a serious limitation in some applications,
but it has been universally and apparently successfully used by soil
physicists in the solution of irrigation and drainage problems (Freeze,
1971).

1. Formulation of Flow Equation. The equations governing flow in

saturated~unsaturated porous media consist of an equation of (1) continuity
of the fluid, (2) continuity of the solid, (3) motion of the fluid,
(4) consolidation for the medium, and (5) state for the compressibility
of water. These equations will be combined to form one governing equation
for flow through porous media.

For a complete formulation of the continuity equations, the reader
is referred to Cooper (1966) and Duguid and Lee (1973). Continuity of

the fluid is expressed as:

a(Spm)

——t V-penSV + V-0V, =0 (1)

where n is porosity, S is saturation, Of is fluid density, V; is velocity
of the solid, andvfS is velocity of the fluid relative to the solid.
Here the term velocity has been used interchangeably with Darcian flux

of fluid relative to solid. The granular skeleton of the medium is



considered to be compressible, but the grains themselves are considered
to be incompressible. The continuity equation for incompressible solids

is

o(1 -- n)

+ 71 -n)Vg=0 (2)
ot

where the term (l1-n) represents the volume concentration of the solids.
The equation of motion of the fluid is Darcy's law for an anisotropic

medium and is written in the form

V,, = -K-7H (3
where H is the hydraulic head and K is the hydraulic conductivity tensor.

Hydraulic conductivity is defined as

kpge
Mg

|

(4)

where g is the acceleration of gravity u _is the fluid viscosity, and

f
k is the intrinsic permeability tensor. The existence of a continuous

saturated-unsaturated flow domain implies the existence of a corresponding

potential field, which is defined by DeWiest (1965) as

z pdp
F=gf d“fw (5)
P
Zo Po
which, in this case, yields

F=gH=g<z+ppgo> (6)
.




where p is the pressure, z is the elevation, and z is an arbitrary
datum at which the pressure is P,- The term ' is Hubbert's force potential.

The total hydraulic head may be written

H=z+h (7

where the pressure head h is

_P=Po_ O
= (8)
P8 P8

h

with O representing the incremental pressure in the fluid. The substitution

of Eq. (7) into Darcy's law, Eq. (3), yields the equation of motion

Vi, = —K-(Vh + V2) (9)

The three-~dimensional consolidation equation developed by Biot (1940)

is

()\s + 2#5) Ve = Vg (lO)

where XS and us are Lamé constants for the medium and e is the dilatation

of the medium. The dilatation is defined as

e = €y (1)

where Eij is the strain tensor.

The equation of state for the fluid compressibility is
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pp = p¥ eHPPO) = 08 (12)

where B is the coefficient of compressibility of the fluid. The term
B' is the modified coefficient of compressibility of water:
B = Boe (13)

Before continuing the formulation of the flow equation, several

functional relations should be noted. The fluid density is a function

of pressure head, as is indicated by Eq. (12). The hydraulic conductivity

is a function of both position and pressure head

K = K(X,h) (14)

where x is a position vector. In saturated regions the variability

of conductivity with space is due only to inhomogeneity of the medium.
In unsaturated regions K is a function of position and time even in
homogeneous soils because of its dependence on pressure head. Porosity

is a function of both position and pressure head

n = n(x,h) (15)

because the pore size is governed by the consolidation equation. The
volumetric moisture content 0 may be defined in terms of saturation and

porosity as
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6(x,h) = S(x,h) n{x,h) (16)

Thus, as the medium becomes completely saturated, the moisture content
approaches the value of the porosity of the medium.
When Eq. (1) is written in its expanded form and Eq. (2) is expanded

and substituted into Eq. (1), the following result is obtained:

aS aps — _ _
Py nE+ nS TS + Spp V-V + VepVi o t nV - V(pS)=0 7)

where the last term of Eq. (17) may be neglected as a higher-order effect.

From the equation of motion, Eq. (9), it follows that

V-(pVp,) = = 7+ [pK-(Vh + 72)] (18)

and substitution of this expression into Eq. (17) yields

N ap; _ -
Pt o TS = Spp VeV = Ve [pK-(Vh + V2)] (19)

The specific moisture capacity is

do 0S
— =N
an " oh (20)
from which it follows that
4 oh_ % (21)

— =n
dh ot ot
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From the equation of state, Eq., (12), the expression

apf , dh
= — 22
ot p‘ﬁ ot (22)

is obtained.
When both sides of the three-dimensional consolidation equation,

Eq. (10), are integrated, the following expression results:

(7\S+2[.15)C:0+f (23)

where the function f is a function of both position and time and must
satisfy Laplace's equation V2f = 0 for all time. Verruijt (1969) shows
that if all of the displacement u is assumed to be vertical, i.e.,

u = u o then the function f is zero. It follows that

de 0o
ot Yot (24)
where
1
o =
(N + 2uy)

and o is the coefficient of consolidation of the medium. When the

definitions

— ou
e=V-u and Vs=a—t (25)

and the definition of pressure head, Eq, (8), are used in conjunction

with Eq. (23), we obtain
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B o
VeVs =90 T g T ¢ T (26)
where

o= apg (27)

is the modified coefficient of compressibility of the medium.
When the terms defined by Egs. (16), (21), (22), and (26) are

substituted into Eq. (19), the following is obtained:

sh =
=" 7 K- (Vh + Vz)] (28)

0, d0
. + 03 + —
na g dh

Equation (28) reduces to the elastic storage equation if the aquifer
is assumed to be saturated. For unsaturated flow it reduces to what
soil physicists commonly refer to as Richard's equation. Thus, Eq. (28)

is valid for both saturated and unsaturated flow. When a generalized

storage constant is defined as

F-—9 ’+6ﬁ’+d0
n - dh (29)

Eq. (28) may be rewritten as

oh =
Fop= VK(Vh+ V2) (30)

The corresponding equation for the total head, Eq. (7), is

oH =
F?{‘_V'K‘VH (31)
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Both Eqs. (30) and (31) are, in general, nonlinear since the soil

properties F and K depend on pressure head h,

2. Spatial Integration by the Galerkin Finite Element Method. The method

used in the spatial integration of Eq. (30) is a special case of the broad
category called weighted-residual methods. These methods, in their
classical form, approximate the solution to the differential equations

and satisfy the boundary conditions exactly. 1In the differential equation

L(®) =0 (32)

L is a differential operator and ¢ is the dependent variable. The
weighted-residual approximate solution &' over the region V is obtained

from the equation

j; W L(P')dv = 0 (33)

The Wj comprise a set of weighting functions, and ¢', the trial solution,

has the form

m

q>’=; N; ¢;

i=

(34)

where the Ni are trial functions, the ¢i are unknown amplitudes of the
trial solutions, and L(¢') # 0 is the residual. The special case in which
the weighting functions Wj are chosen as the trial functions Ni is the
Galerkin method. In effect, the equations for the Galerkin method

i=1

fNjL<f; Ni¢i>dV=0 i=1(1)N (35)
\'
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require that the residual of the differential equation is made orthogonal
to each term in the trial series. As m becomes large, ¢' approaches ¢.
Coefficients ¢i may be obtained by integration and solution of the above
equations, and the approximate solution &' is obtained by substituting
these coefficients into the trial solution summation (Finlayson, 1972).

In the classical Galerkin method, each of the trial solutions N
extends over the entire domain V and must satisfy all boundary conditions.
Hence the method is restricted to simply shaped, simply connected regions
with homogeneous material properties. However, the power and generality
of the Galerkin method can be extended considerably by combining it with
a finite element discretization in which the region of integration is
represented by an assemblage of subdomains. In two-dimensional space
these elements would be polygons and in three-dimensional space they would
be polyhedra. These subdomains are called elements, and their corners, or
connection points, are called nodes. 1In this approach, the family of
trial solutions consists of subfamilies of very simple functions. The
¢i satisfy the boundary conditions, and not the basis function Ni’ which
are nonzero on only one of the subdomains. The coefficients ¢i become the
amplitudes of the unknown function at the nodes. This finite-element
approach, in effect, is a piecewise Galerkin approximation which permits
the application of the Galerkin method to complex geometries and non-
homogeneous media. A more detailed discussion of the Galerkin finite-
element method is given by Hutton and Anderson (1971), The formulation
and use of finite-element Galerkin methods in groundwater analysis are

presented by Pinder and Frind (1972).
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In such a formulation it is convenient to introduce one basis
function {N(E)} for each element r. This one combination weighting-~
trial function is, however, a column vector that has a separate Ni(;>
for each node i of the element. Each of these functions is bilinear and
extends across the entire element. Each has a magnitude of unity at
node i and a magnitude of zero at all other nodes. Because of the latter

property, coefficients rhi of the trial solution

(@ = h(X0 = IN®F {h(y) (36)

are identical to the total head at each node as anticipated by the new
notation for expansion of the coefficients ¢i on the right-hand side of
Eq. (36).

When Galerkin's method is applied to Eq. (30) in the r-th element,

the equations are

f [N} |[Feh - 9-Ke(V;h + ¥,2)] d;V =0 (37)
VvV

where rh = drh/dt. Green's theorem,
wlv-wzdwfﬁ-w VadS — [ Ty, 7y,av
fv V7Y YTy, 38)
S \%

in terms of general functions wl and wz, may be applied to the second-

derivative terms of Eq. (37) to yield

f [{N}Fh + 7 {N}-K-(V;h + V,;2)] 4,V +f 0 (N} [-K-(V;h + 7,2)] ;S =0
Y S

(39
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where n is an outwardly directed unit vector which is normal to the surface

S. The term in square brackets under the surface integral is the Darcy

T
flux V » Eq. (9), and the weighted-residual integral becomes
fs
f [{N}Fh+ ¥ {N}'E'(Vrh + V7)) d,V+ {{R'}=0 (40)
Ay
where
R} = f {NJT- Vi 4;S (41)
S
r

The last integral simply apportions the moisture per unit time flowing
out of the r-th element to the element nodes.
When the trial function, Eq. (36), is combined with the Galerkin

integral, Eq. (40),

f (INJFIN}T {h}+ 9N} -R-9{N} T [} + VIN}-R-V, ) &,V + R} =0  (42)
AV

After element matrices

LAl = | (NFINIT 4V (43)
/,
[:B] = LV{N}.E.V{N}Td,V (44)

and

(D} = f 7INVK- Y,z d,V

vV

(45)
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are defined, Eq. (42) may be rewritten in the simplified form

[rA] {rh} + [rB] {rh} + {rR'} + {TD} =0 (46)

3. Time Integration by the Finite-Difference Method. Equation (46) is

written for an arbitrary increment of time wAt:

LAl ih)ewar * [B] Ghlgrgar + (R} + {;D}=0 (47)

In the Crank-Nicholson centered-in-time approach w = 1/2, and in the
backward-difference approximation w = 1. The Crank-Nicholson algorithm
has a truncation error of O(Atz), but its propagation-of-error character-
istics frequently lead to oscillatory instabilities. The backward-
difference scheme, on the other hand, has a truncation error of O(At)

but is quite resistant to oscillatory instabilities. An arbitrary w
allows an investigator to find the appropriate balance for the problem
being considered.

The time derivative of the pressure head is expressed as

{ihrwat = (Lhlar — {thly) /At (48)

and the value of this quantity at the arbitrary point in time is

{thhrwat = wlihbar + (1= w){th}y (49)

Substituting Eqs. (48) and (49) into Eq, (47), the following relationships

are obtained:
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[rCi] {rhiﬂ }t+At = {rRi} - {rR,}

(50)
where
[[C'] = [;A]/At + w[;B] (51)
and
(R} = ([[A']/At — (1 - w)[B']){;h} ~ (D'} (52)

It should be understood that matrices [rAl], [rBl], {rDl}, and,
hence [rCl] and {rRl} are evaluated at time t + wAt. These quantities
are implicit functions of time since they depend on the soil properties

which are explicit functions of the pressure head h Furthermore,

t+HwAt”®

h depends on the undetermined quantity ht . Obviously, iteration

t+HOAL +At

is required, a fact which is denoted in Egqs. (50)-(52) by an added

superscript. Here i = 0 denotes evaluation at t rather than the customary

t + wAt for all other iterations.

4. Numerical Implementation. For a quadrilateral element with four

corner nodes, a bilinear polynomial basis function for the j-th node

may be written in terms of local normalized coordinates as

IN} :Zl{(l ts)(Irr) b j=1(1)4 (53)

where g and T, are the local coordinates of the corner nodes, which
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are numbered 1 to 4 progressing around the element in a counterclockwise

direction (Fig. 1). In the local coordinate system the element is square
regardless of the shape of the quadrilateral in global coordinates. The

global coordinates at any point within element r are given in terms of

[ J
local coordinates by the relations

x = (N} ((x}

(54)
7= (N} {2)

where {rX} and {rz} are the global coordinates of the nodes and {NT}
is the transpose of {N} which depends on the local coordinates s and T
given in Eq. (53). Here the shape function {N} of the coordinate
transformation is the same as the basis function; hence, this element

formulation is termed isoparametric. The Jacobian for the transformation

from global to local coordinates is expressed as

9rx r
ds s

[J] =

' OrX 0,z (55)
or o7

Substitution of Eq. (54) into the determinant of this expression yields

3IN} o{N}T 8N} 9{N}'
ds or - or Js

iJ = Det[J] = {rX}T< > Gzr = {x} [P] iz} (56)

where [P] is defined as

C[aiNy B{N}T BN} a{N}T>
P} = as or Cor as

(57)

When the expression for {N}, Eq. (53), is used it may be shown that
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0 1 -1 —s+r =145
-1 +7 0 I+ —s -7
[P] =
s —T —1 —s 0 1 +7 (58)
| 1 —s S +7 -1 -7 0 _|

which is a skew-symmetric matrix. Equations (56) and (58) are combined

N
to yield Zy4  —Z34S  ~Z133T
1 | 213 2348 FZya7
[P] {;7} sy
—Zz4 Y2198 —ZpqT (59)
Z13 —Z128 tZy3T
. J
and the determinant of the Jacobian is
|
J 23;41X13224 —X24213) t8(X34Z12 — X12234) + T(X23Z14 — X14253) } (60)
Terms x,, and z,, are defined as
ij ij
Xij = 1Xj = rXj
(61)

Zij = 12 — 1%
Equation (60) is used for numerical evaluation of the determinant of
the Jacobian.

The integrals of Eqs. (43)-(45) taken over the volume of the r-th

finite element may now be written in local coordinates using the determinant

of the Jacobian to transform the elemental area:

[[Al] = fi/" (NJFUN)T.J dsdr (62)
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[,B] =fl 1v«[N}.ﬁi.v{N}TrJ dsdr (63)

1Y

{;Di} =flfl V{N}-K\V,z.J dsdr (64)
L

1

Integration of these equations is easily carried out using 2 X 2 Gaussian
integration. A linear algebraic equation, Eq, (50), results since
i+l . . s . i i
{rh } is a function of time only and the matrices {rA 1, {rB }, and
i . . .
{rD } are evaluated for the previous iteration,

In order to evaluate [rBl], Eq. (63), expressions for the spatial

derivative of the interpolation function are necessary. The chain rule

d
0s 0rX
=[]
9 9 (65)
a7 0rZ
may be inverted to yield
3 a2z oz| | o
arX 1 or g K
e
0 COx O 9 (66)
0;Z or ds or

using the definition of [J], Eq. (55).
When the top row of Eq. (66) is applied to the basis function {N},

the following is obtained:

d aNIT  a(N} a{N}T
{N}:%<8{N} T BNy {}>{rz} o

0 X as or or as



24

where the transformation equation, Eq. (54), has been used to express
z as a function of s and T. The term enclosed in parentheses is readily
identified as [P] from Eq. (57). Thus,

d{N} _ [P} {2}
drx J (68)

In an entirely analogous way it may also be shown that

3{N} _—[P] {,x}
0,7 J

(69)

Equations (68) and (69) are in a form suitable for numerical evaluation.
These equations and their transposed counterparts are used to evaluate the

integrand of [rBl], Eq. (63).

5. Assembly of Elements. In order to understand the assembly of the

elements that form a system of albegraic equations, a simple example
will be used. The example selected is that of a two-dimensional space
which is divided into twelve rectangular elements (Fig. 2). Iteration
superscripts are dropped for convenience. Both global and local sub-
scripting of the [ ,C] matrix are shown in Fig. 2b. Expansion of matrix
[1C] into a composite-matrix form is shown in Fig. 3, Assembly consists
of summing over the expanded form of each [rC] to form the composite
matrix [C]. The complete [C] matrix will be sparse and banded. The

band width may be calculated from the equation

IBAND = 2(MAXDIF) + 1 (70)
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where MAXDIF is the maXimum nodal difference in any element of the

system and IBAND is the band width. Thus, for the example problem the
band width is 11. For more economical use of computer storage, only

the band portion need be stored. If the governing equations are symmetric,
only the half-band and the diagonal are stored. The most economical form
of storage of the banded matrix is shown in the lower portion of Fig. 3.

A more detailed discussion of the assembly of finite elements is presented
by Desai and Abel (1972).

At this point it is interesting to note that the band width is
controlled by the global nodal numbering system, A reduction in computer
core storage is achieved by reducing the magnitude of the term MAXDIF.
This reduction is obtained by numbering in the direction in which there
are the least nodes in a given row or column, If the nodes were numbered
in a horizontal direction, the band width would be 13. This represents
a significant increase in the core storage required.

Equation (50) is evaluated and assembled for each element, and the

assembled system of algebraic equations may be written as

[C] (h* ) eae = (R} — (R} = {Y}} (71)

6. Application of Boundary Conditions. At nodes where Dirichlet

(constant) boundary conditions are encountered, an identity equation is
generated for each such node and included in the matrices of Eq. (71).
As an example, take a one-element system with the pressure at node 1

constrained to the value of b at all times, i.e,,
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h; =b and b # b(t)

(72)
Equation (71) then takes the form
—1 0 0 0 T (hlw (b w
0 Cp, Cyz  Cyy h, Y, - Cyib
0 Ci; Cs5 Caa Y ol Y; = Cyb ( (73)
0 Cs2 Cas  Cas hg Y, —C4yb
L — Y - J

This result may easily be generalized to an arbitrary number of equations
with an arbitrary number of Dirichlet boundary nodes.

At nodes where Neumann (flux-type) boundary conditions are applied,
the surface integral {rR'} in Eq. (41) is formed and assembled over all
elements r having surfaces bounding the entire system to yield vector
{R'"}. The result is then added to the load vector, as in Eq. (71),

at each iteration taken in the solution of a transient problem.

7. Solution of the Assembled Equations. In solving the assembled equations

expressed in Eq. (71), the matrix [Ci] is decomposed into the product

of upper and lower triangular matrices using the Crout-Dolittle method.

The lower triangular matrix is used to modify the right-hand side {Yi}

for back-substitution into the upper triangular matrix to obtain a solution.
If the matrix [Ci] and the time step At do not change with time, then the
decomposition needs to be performed only once, and iteration is unnecessary.
If, however, the unsaturated soil-moisture zone is considered, such a time-
saving device cannot be used and decomposition is necessary for each time

step and each iteratiom.
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III. COMPUTER IMPLEMENTATION

The computer program consists of 16 different subroutines (Fig. 4).
Their functions are control, primary calculations, support calculations,
and input-output operations. Routine MAIN, as its name implies, performs
the control function. Perhaps the most important part of the entire
calculation is directed by a small section of coding in MAIN (Fig. 5).

A soil-properties iteration loop is necessary because the hydraulic
conductivity E and water storage parameter F are dependent upon pressure
h, the dependent variable. A pressure dependence in the boundary condi-
tions makes the outer rainfall-seepage cycle necessary. Development of

a seepage face or the initiation of rainfall runoff, for example, requires
that boundary conditions be changed from a specification of flux to a
specification of pressure whenever saturation is reached.

Subroutines Q4, ASEMBL, BC, BANSOL, SPROP, BCPREP, and Q4S perform
the primary calculations of the code. 1In Q4, Jacobians are evaluated and
each quadrilateral element is transformed to a local coordinate system
where it becomes a square of side length 2. 1In this system the linear
Galerkin basis functions of Eq. (53) and their derivatives are generated,
and a 2 x 2 Gauss quadrature is employed to yield element matrices [rAi],
[rBi], and {rDi}‘defined in Eqs. (62)-(64). Routine ASEMBL then applies
a time-integration algorithm, adjusts subscripts, and sums over elements
r to obtain the global matrices [Ci] and {Ri}, Eqs. (51), (52), and (71).
Since the matrix [Ci] is symmetric, only its upper half-band and the diagonal

are retained in order to minimize core storage requirements.
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Coefficient matrix [Ci] and load vector {Ri} are then appropriately
modified to incorporate both Neumann and Dirichlet boundary conditions
using subroutine BC. Vector {Ri} must be modified only by the additive
term {R'}, Eq. (71), for Neumann conditions, but both [Ci] and {Yi}
must be changed for Dirichlet conditions, as shown by means of an example
in Eqs. (72) and (73). Routine BANSOL solves the banded matrix equation,

1+l} by decomposition into lower and

Eq. (71), for the pressure heads {h
upper triangular matrices and by forward and backward solution of the
resulting two matrix equatioms.

Subroutine SPROP produces the pressure-dependent soil properties E,

F, and §. SPROP must be modified to be consistent with the available
data on the soils being considered. These properties may be in the

form of tabular data suitable for interpolation, they may be represented
by analytical expressions, or they may have a mixture of the two forms,
The input data format for soil properties in DATAIN, however, should be
general enough to handle all conceivable cases,

Subroutine BCPREP requires more elaboration than the other routines.
Basically a group of nodes is specified as rainfall-seepage nodes by the
program input (see Appendix E). They are specified in terms of curves (or
profiles), rainfall rates vs. time, maximum ponding depths, and the element
sides which connect them. The boundary conditions on these nodes are then
free to switch from Dirichlet to Neumann conditions depending on values
of the pressure or moisture flux.

If, for example, the soil is sufficiently dry at the beginning of a

rainfall event, all of the incident moisture can be imbibed by the soil.
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A Neumann flux condition is then appropriate since the flux is equal to

the incident rainfall rate. If the rainfall continues at a sufficient rate,
ponding will eventually commence and continue until the maximum ponding
depth is reached. It is then necessary to change to a Dirichlet condition
where surface pressure is simply the maximum ponding depth. The flux at
this time may be either negative (into the soil but at a lesser rate than
the maximum allowed rate) or positive (seepage out of the soil system).

If we further assume that the rainfall rate now declines until maximum
ponding depth cannot be maintained, a Neumann flux condition must be
reinstated. That is, whenever the flux calculated for the ponding condition
becomes greater in magnitude (less in an absolute sense due to our sign
convention) than that which can be maintained by the rainfall rate, the
boundary condition must be changed to a flux condition.

The function of BCPREP is to prepare a rainfall flux vector FLX(NP)
and two pointer arrays NPFLX(NPP) and NPCON(NPP). (The maximum ponding
depth vector HCON(NP) is an input quantity.) Routine BC then uses these
arrays to actually implement the boundary conditions., For example, if
NP = NPFLX(NPP) # 0, node NP is assigned the flux condition FLX(NP)., If,
on the other hand, NP = NPCON(NPP) # 0, node NP is assigned the constant-
pressure condition HCON(NP).

Supporting calculations are carried out in routines SURF, VELT, Q4D,
Q4S, SFLOW, and Q4TH. Subroutine SURF identifies boundary sides. These
sides are then specified in terms of the elements to which they belong
and the nodes that subtend them. Side lengths and direction cosines of
outwardly directed normal vectors are calculated. Routines VELT and Q4D

are used to determine Darcy velocity vectors and total heads at all nodes
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from a predetermined pressure-head distribution {(in a previous iteration).
With SFLOW, Q4S, and Q4TH, flows are determined in two different ways.
First, the surface integral of Eq. (41) is evaluated for each boundary
element in routine Q4S using two-point Gauss quadrature, Resulting
element flow rates are assembled into a boundary flow rate vector, and
trapezoidal time integration is used in SFLOW to obtain the moisture
passing through the boundary since the last time step, These flows are
classified according to the boundary condition on the surface from which
they originate. Second, a space integral over the water content is
evaluated. 1Its rate of change from that of the last time step is
determined as a check on the total flow through the boundary.

Finally input-output functions are performed almost exclusively in
routines DATAIN, PRINTT, and STORE. Variables pertaining to discretization
of the geometry of the system and the simulation time are read in DATAIN.
Others relating to soil properties, boundary-initial conditions, and
numerical convergence are also read. These input quantities are checked
for consistency whenever possible and are printed out to give a complete
record of the simulation. A thorough description of the input for DATAIN
is given in Appendix E. OQutput of calculated variables occurs in PRINTT
and STORE. Subroutine PRINTT prints flow information, pressure heads,
total heads, water contents, and Darcy velocity distributions as specified
by parameter KPR. Subroutine STORE writes the same information, in addition
to nodal point and element descriptors, on an auxiliary storage device,

a magnetic tape for example. Its operation is controlled by variables
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KSTR and, to a limited extent, NSTRT. Auxiliary storage may be used
either for plotting by another program or for restarting using a previously

determined pressure distribution as the initial condition for continued

calculation.
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IV. RESULTS

In this section our computer code is checked in two different ways—-
comparison with experimental data and comparison with another computer
program. Emphasis, however, is placed on problem definition and setup
to illustrate the use of our program. Detailed card~by-card and line-
by-line listings of input and output for two of the problems are given

in Appendices A and B.

1. Coweeta Inclined Soil Column. Investigators of the Coweeta Hydrologic

Laboratory in North Carolina have made extensive use of inclined physical
soil models to study the interrelation among base flow, unsaturated soil
moisture movement, and evapotranspiration. Results from their Models I
and II are presented by Hewlett (1961). Data from Model IV has recently
been shown and analyzed by Scholl and Hibbert (1973). Our mathematical
analysis is concentrated on the results of Hewlett and Hibbert (1963)
obtained from Model III. We further restrict our attention to the
measured values of outflow vs. time, reserving their tension and moisture-
content distributions for future study.

The physical system consists of an inclining concrete trough, the
inner dimensions of which are given in Fig. 6b. It is filled for the
most part with a Halewood sandy loam soil with a texture of 60 percent
sand, 18 percent silt, and 22 percent clay (Hewlett and Hibbert, 1963).
Soil under the outflow level, however, is graded to sand, gravel, and

rock to simulate stream bank conditions and to allow free drainage.
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After soaking the upper surface for several days, the structure was
covered with a plastic film to prevent evaporation. The outflow rate
coming from the drainage tube was then measured as a function of time
(Fig. 7). A much more complete description of the physical model, its
instrumentation, and results obtained therefrom may be found in Hewlett
and Hibbert (1963).

Before this system was mathematically modeled, a number of
simplifying assumptions were made. The influence of the sand, gravel,
and rock (Fig. 6b) on outflow was assumed to be negligible since this
material lies below the outflow level in a region where Darcy velocities
would be expected to be minimal. Three—-dimensional flow near the out-
flow tube was taken to be inconsequential, and seepage was allowed to
occur from a height of 46 cm to a height of 53 cm across the entire
width of the front face. All boundaries except for this portion of
the front face were taken to be impervious for the transient calcula-
tion. Seepage was allowed to occur over the entire top surface whenever
warranted. However, seepage water was assumed to pass instantaneously
to the outflow without further infiltration into the soil.

Initial conditions and soil properties presented a problem. To
our knowledge, none of these quantities was measured for Model III.
Hewlett (1961) reported 41 percent as the initial volumetric water
content for a similar experiment with an earlier model. For our simu-
lation we assumed the initial moisture distribution to be that which

would have been obtained if the entire slab had been wetted to saturation
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by a heavy rainfall on the top surface and then allowed to drain until
the total volumetric water content was the same 41 percent. The moisture
characteristic was taken from Scholl and Hibbert (1973) (Model IV) and
fitted with a smooth curve (Fig. 8). Since there were no measurements
of conductivity as a function of either pressure or water content, the

Gardner (1958) form,

h\d (74)
—) +1
(&)

was used.

Saturated conductivity KS, critical pressure hc’ and pore-size
distribution index d were then treated as adjustable parameters, and
outflow profiles were generated. Three profiles for differing hC values
with KS and d fixed may be compared among themselves and with the
experimental curve in Fig. 7. Corresponding conductivity-pressure
functions are shown in Fig. 8. The soil-parameter values for KS, hc’
and d are all quite reasonable when compared to those of Bouwer (1964)
for a sandy soil. Making the unsaturated soil less conducting by
increasing hC tends to decrease short-term subsurface flow (t < 1 day)
and increase long-term subsurface flow (t > 10 days). Water table
(h = 0) contours corresponding to our best simulation are shown in Fig.
6a. The water-table position remained essentially unchanged for times
greater than five days. lewlett and Hibbert (1963) observed a power-law

decay in their outflow rate for the first 36 hours and after a five-day
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transition period a second, but different, power-law decay (see Fig.
7). The first period, according to Fig. 6a, is characterized by a
rapidly dropping free~water surface. 1In the second period there is
little or no movement of this surface since it has essentially reached
its final equilibrium position, and the outflow is controlled entirely
by flow through the large mass of unsaturated soil lying above the water
table. Agreement between simulated and measured outflow rates is worst
during the transition period. The simulated rate and also the water
table fall too rapidly. Perhaps a further adjustment of the conductivity
parameters would alleviate this problem. Water table contours in Fig.
ba for times t < 2 days imply seepage through the top surface of the
slab. Such flows contributed 76 percent of the total simulated flow
rate at t = 0 and 8 percent at t = 2 days. However, no seepage was
observed experimentally.1 This discrepancy could be due either to the
assumed initial conditions or to the presence of the highly conductive
gravel and rock, which was not accounted for in the simulation. It is
sufficient here, however, to exhibit the generally encouraging comparison
of our simulation to experimental data and the physically reasonable
way in which the water table behaves.

The spatial mesh consists of 612 elements and 690 nodes as shown
in Fig. 6. The width of the stored operator matrix [C] was IHBP = 12.
The latter quantity is important for two reasons. Computing time varies

as its square, and for large problems (core storage > 1000K bytes) the

1, . . . .
Private communication from Lloyd W. Swift, Jr., Coweeta Hydrologic
Laboratory.
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core requirement varies directly as IBHP, For this particular problem
storage and time requirements on an IBM 360/91 computer were 500K bytes
and 16.5 minutes for 13.5 days of simulation. Appendix A presents
operational details appropriate for a test-case computer run on the
above problem. Input and output are given. Listings of subroutine
SPROP, COMMON statements, and DATA statements are not included, however,
since they appear in the program listing in Appendix C. Ordinarily, one
must change SPROP to conform with the form of the soils data and should

change the COMMON and DATA statements to minimize core storage requirements.

2. Freeze's Idealized Flow System. R. A. Freeze (1971a) has developed

a computer program (Freeze, 1972c) which is comparable to ours. His
model, like ours, is based on Eq. (28) and therefore treats saturated
and unsaturated zones in a unified manner. In addition, the Freeze
model allows transient analysis, nonhomogeneous and anisotropic geo-
logical formations, and any generalized configuration of all pertinent
boundary conditions. In addition to a two-dimensional capability, which
we also have, Freeze's model has a three-dimensional capability. The
biggest differences, however, are in the numerical implementation.
Freeze uses a block—-centered rectangular grid, finite-difference spatial
discretization, and line successive overrelaxation for solution of the
matrix equations which arise. We, on the other hand, use a quadrilateral
finite-element grid, Galerkin spatial discretization, and Gaussian

elimination.
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As Freeze so clearly points out in his closing comments in the
(1971b) article, there are very real limitations in the physics-based
approach. These limitations are computer performance (both core size
and computing time), numerical convergence, and data availability. We
have introduced the different numerical techniques in an effort to
alleviate the first two of these limitations. We have been partially
successful, but much work remains, principally in handling the non-
linearities arising from the unsaturated soil properties., Basically,
it is our feeling that finite elements provide a more flexible way of
characterizing the physical geometry than does a rectangular grid. By
exploiting this flexibility one can reduce the number of nodes and,
hence, the computing times with very little loss in overall accuracy.
In addition, unpublished work performed in conjunction with the Reeves
and Miller (1974) paper showed that, at least in a one-dimensional
application for the soils and boundary conditions considered therein,
linear Galerkin had convergence superior to that of a comparable
finite-difference algorithm. Practically speaking, better convergence
means that comparable accuracy can be achieved with fewer nodes.
Finally, it was felt that exact solution of the linearized equations
by Gaussian elimination would enhance both stability and convergence
when compared to the approximate line-successive-overrelaxation method.

A number of analyses of idealized systems have been presented by
Freeze (1971a, 1971b, 1972a, 1972b). There have been watersheds,

groundwater basins, and earth dams. All have been used to explore



45

effects of the unsaturated zone upon the total subsurface flow regime.

A very small laboratory-sized watershed measuring 6m by 3m, presented in
Freeze (1972a), served as a test case for his computer program in the
(1972c) document. We have used this same system both as a debugging

aid and as a vehicle whereby the efficiency of the different numerical
methods could be compared.

The flow system is shown in Fig. 9. It is composed of a highly
permeable sand, the unsaturated properties of which are shown in Fig.
10. To obtain initial conditions, pressure-head values were prescribed
along the stream channel, part of the slope, and the upper plateau.
Taking all other boundaries to be impermeable, a steady state was
determined, pressure heads of which were the initial conditions for the
transient calculation. (The careful reader should be alerted here to
the fact that initial conditions described above are used in Freeze
(1972¢) but not in the corresponding calculation of Freeze (1972a).)

Using Freeze's transient boundary conditions (Fig. 9a), and Freeze's
rectangular grid (Fig. 9b), the water table rise of Fig. lla was
generated with the Reeves-Duguid code. Selected results obtained from
our program may be compared with their counterparts obtained from the
Freeze routine in Figs. 11b and llc. Comparative computing times are
presented in Table 1 (Columns "Freeze'" and '"Reeves-Duguid #1" are
appropriate here). For the steady-state calculation, where the initial
guess at the solution is poor, the finite-element-Galerkin algorithm is

obviously superior. There is a factor-of-five reduction in computing
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Figure 11. (a) Water-Table Rise as Determined by Both Reeves-Duguid
Calculations. (b) Selected pressure heads obtained by the Freeze (F)
program and by the Reeves-Duguid (RD), Case 1, analysis. (c¢) Subsurface
flow hydrograph obtained by the Freeze and Reeves-Duguid calculations.



49

TABLE 1

Time and Storage Parameters

Freeze  Reeves-Duguid #1  Reeves-Duguid #2

Total computing time (min) 4.88 4.64 2.42
Steady-state time (sec) 29.8 5.7 3.0
Transient—-state time (min) 4.38 4,61 2.37

Total core storage (bytes) - 500K 380K



50

time. There is no improvement for the transient-state calculation,
however, and the finite-element technique actually takes 5 percent
longer. We did not determine the minimum core storage requirement of
the Freeze code because of our unfamiliarity with his dimensioning.
However, we expect his code to be superior in this category since the
line-successive-overrelaxation method requires storage of a tridiagonal
matrix having the same order as the maximum number of vertical nodes,
a 24 X 3 matrix (.58K bytes in double precision), for the grid shown in
Fig. 10b. The finite-element Galerkin algorithm, on the other hand,
requires a handed matrix of an order equal to the number of nodes, a
571 X 27 matrix (120K bytes in double precision) for the grid of Fig. 9b.
One must trade off the core storage advantage of the line-
successive-overrelaxation method to obtain the computer-time advantage
of the finite-element Galerkin algorithm. Gains can be maximized and
losses minimized, however, by exploiting the finite~element spatial
discretization. Although we have not explored this possibility
exhaustively, we do present an example, labeled '"Reeves-Duguid #2,"
in Table 1. Spatial mesh is presented in Fig. 9c¢ which reduces the
number of nodes from 571 to 434 and the band width from IHBP=27 to
IHBP=16. The latter quantity has a special significance since computing
times vary quadratically with changing band width, the variation being
linear with respect to the number of nodes. Relative to Case 1 (see
Table 1) the overall computing time is reduced by about 50 percent and
the core-storage requirement by approximately 25 percent. Water table

rises (Fig. lla) were identical for the two Reeves-Duguid cases.
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Calculation of subsurface flows proved to be a problem, as illus-
trated in Fig. 1llc. Each flow rate shown is obtained by integrating
moisture fluxes over appropriate regions of the surface. Since these
fluxes depend on the gradient of the pressure head, which is itself
accurate only to the second order in the spatial increments, the fluxes
are accurate only to the first order in the spatial increments. It is
therefore not surprising that the flow rates do not agree in spite of
the generally good agreement among pressure heads for the three calcu~
lations (see Figs. 1lla and 11b). Despite substantial differences between
the "Freeze" and "Reeves-Duguid #1" curves, mass is conserved? in each
to less than 8 percent; there appears to be no compelling reason for
choosing one over the other. For the calculation labeled "Reeves-
Duguid #2," there was a 25 percent loss of mass.3 However, based on
numerous hand calculations and numerical experiments, we conclude that
there are no bugs in the outflow coding, the discrepancy is not a time-
step truncation error, it is not a result of the tolerance allowed for
convergence, and reduction of the spatial increment sizes does not

alleviate the problem. It appears possible that the bilinear

2

The change in the internal mass of water is determined both by a
time integral over all surface flow rates and a volume integral over
the moisture content,

3Outflow rates for the Coweeta sloping slab (Fig. 7) were obtained
directly from volume integrals over moisture content at each time step.
They therefore have a higher order of accuracy than the outflow rates
of Fig. llc. The Coweeta problem had no infiltration from rainfall and
no division of subsurface flow into seepage and direct flow into a
stream, both of which made the volume-integral calculation possible.
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interpolation surfaces across the elements of the seepage surface are
incapable of bending so as to accommodate seepage through a sloping
boundary and internal continuity requirements. Perhaps the addition

of triangular elements will correct this difficulty. We will, however,
reserve this matter for future study.

Appendix B presents operational details appropriate for a test-case
computer run of our Case 2 calculation. Input, output, subroutine SPROP,
COMMON blocks, and DATA statements are listed. Moisture content, water
capacity, and conductivity are obtained by interpolation. SPROP is
written accordingly, and, of course, must replace the version of SPROP
listed in Appendix C, which is appropriate for the Coweeta problem.

By also inserting the COMMON, DIMENSION, and DATA statements shown in
Appendix A into the program, the core storage requirement can be minimized

to the 340K bytes shown in Table 1.
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V. NOTATION

[rA] Coefficients of the transient terms for the r-th
element.

bi Dirichlet boundary condition at node 1i.

[rB] Operator matrix for the r-th element.

[C] Assembled operator matrix for all elements.

[rC] Combination of [ A] and [rB] including the time-

integration algorithm.

d Pore-size distribution index of the Gardner con-
ductivity relation,

{rD} Gravitational-flux vector for the r-th element.

e Dilatation of the medium.

f Function of integration.

F Generalized storage constant.

g Acceleration of gravity.

h Pressure head.

ﬁ Time derivative of pressure head.

hC Critical pressure of the Gardner conductivity
relation,

rh Pressure head for the r—-th element.

rﬁ Time derivative of rh.

{n} Assembled values of the unknown coefficients.

{rh} Unknown coefficients for the r-th element.

{rﬁ} Time derivative of {rh}.

H Hydraulic head.

i As a superscript it denotes an iteration parameter.
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Jacobian matrix for the r-th element.
Determinant of [rJ]'

Intrinsic permeability tensor.
Conductivity temnsor.

Saturated conductivity of the Gardner conductivity
relation.

Differential operator.
Limit of summation.
Porosity.

Unit normal vector,
Basis function.
Pressure.

Atmospheric pressure.

Matrix used in the numerical evaluation of the
Jacobian.

Refers to the r-th finite element.

Vector for element r containing both gravitational-
flux and time-—-integration components.

Vector {rR} assembled over all elements.
Boundary flux for the r-th element.

Vector {rR'} assembled over all elements.

Local coordinates of the nodes j = 1,2,3, and 4.
Degree of saturatiom.

Surface area of the r-th element.

Time.

Displacement of the medium.
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Volume.

Volume of the r-th element.

Flux of fluid relative to solid.
Velocity of the solids.
Weighting function.

Position vector.

Coordinate difference RIS for nodes i and j
of element r. l

Global coordinate of a point within the r-th element.
Global coordinate of the nodes of the r-th element.
Assembled load vector containing boundary and
gravitational fluxes and time-integration

components,

Elevation head.

Coordinate difference 2z, - 2z, for nodes 1 and j
r i r j
of element r,

Global coordinate of a point within the r-th
element.

Global coordinate of the nodes of the r-th element.
Coefficient of compressibility of the medium.

Modified coefficient of compressibility of the
medium.

Coefficient of compressibility of water.

Modified coefficient of compressibility of water.
Hubbert's force potential,

Strain tensor for the medium.

Moisture content.
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’ .
Lame's elastic constant.
Viscosity of water.

I3
Lame's shear modulus.

Initial density.

‘Density of water.

Incremental pressure.

Expansion coefficients relative to the basis
functions Ni'

Unknown solution to the equation L(9) = 0.
Trial solution,

Trial solution for the r-th element.
General functions used in Green's theorem.

Time integration parameter.
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APPENDIX A

INPUT AND OUTPUT FOR COWEETA PROBLEM
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INPUT
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CFe wes le TITLEe FUKMAT (15,9A8)% ...

1773 COWEETA PRCHLEM

CF. ees 2+ BASIC INTEGER PARAMETERS. FCRMAT {1615) .a.

660 612 1 ¥ 50 0 1 43 0 0 0 0 25
CF. eee 3. OSASIC REAL PAFRAVMETERS. FCRMAT (B8F10.0) «ee
. 0033 +C5 25 O. O. <01 .01
580, .013 l.
CF. eee 4o PRINTER GUTPUT CONTROL. FURMAT (80I1) ...

1

CF. vee 5. MATERIAL PRNFERTIES. FCRMAT [8F10.0) ...
C. Ce 5 0. Q.
CF. eee Te SUIL PROPERTIES IN TABULAF FORM. FORMATY (EF10.0)
~11294.5 -938l.8 —7736.2 -6408.9 -5292.2 -4381.C -3626.9
~2475.9 -2053.3 -1694.9 -1403,1 ~1156.4 —G58.5 ~-794.6
-542.6 —44G.2 -371.2 -307.0 -252.6 -20S.6 -174.0
=125, -100. -85 -70. -60. =50. ~40.
-30. -25. -20. -10. Ce 10« 20.
40. 50. 60.
0.118 0.125 0.133 G.140 Gel48 0.156 Cel63
C.178 C.186 Oe 194 0.201 04209 0.216 0.224
0.239 Ca.247 Ue254 0.262 C.270 0.277 0.285
-3003 <3151 «3273 «3425 «3547 «3691 +3863
«4373 ~ 4668 «#910 <5110 «5201 «5263 <5308
5392 «5425 «5632

* COMMENT CARDS ARE TU o DELETEC FROM CATA SET. THEY ARE
CROSS RFFERENCE TO APPENDIX E.

INCLUDED

1.

-2583.3
-654,2
-150.
-35.
30.

Cal71
C.222
C.2S1
«4CE7
«5353

HERE AS
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450. -30. S.

3.54D0-06 4.7270-06 5.170-u6 6.250-00 7.56D-06 9.14D-C6 1.100-05 1.34D-05
1.620-05 1.950-05 2.360-05 2.850-05 3.46D-05 4.180-C5 5.040-05 ¢€.12D-05
7.38D-05 8.91D-05 1.080-uU4 1.30D-04 1.58D-04 1.91C~-04 2.300-C4 2.70N-04
4. T75F=4 T.23E-4 G.U%E—4 1.13€E-3 1.31E-3 1.70E-3 3.T74E-3 Ce44E-3
6. 16E-3 S5.44t~3 3.74E-3 1.30E-3 7.00E-4 5.40€E-4 4.80E~-4 4.20F -4
1.60F-4 3. 00E-4 2.40E-4

O
-
[
.
.
.

8. NOUAL-POINT PCSITIGNS. FORMAT (I15,2F10.3) ...

1 C.0 U.0
2 0.0 6.730
3 C.0 20.00U0
4 0.0 34.333
5 c.0 43.000
6 0.0 46.000
7 0.0 47.000
8 0.0 48.500
9 C.0 50.500
10 C.0 53.000
11 2.000 0.0
12 2.0C0 6. 730
13 2.0C0 20.000
14 2.0C0 34,333
15 2.0C0 43.000
16 2.0C0 46.000
17 2.000 4T.000
18 2.0C0 48.500
19 ?.0¢C0 50.500
20 2.0¢C0 53.000
21 5.071 0.0
22 5.071 6. 730
23 5.0 20.000
24 5.071 34.333
25 5.071 43.040
26 5.071 46. 000
217 5.071 «7.000
2R 95.071 48.500
29 5.071 20.500
30 5.071L 53.000
31 $.213 Us 0
32 5.213 6.730
33 G.213 20.000
34 Se213 34.333
35 5.213 43,000
36 9.213 46.000
37 9.213 47.0u0
38 G.213 48.500
39 S.213 2 0. 500
40 S.213 $3.000
41 l4.430 Ve 0
42 14.430 6.730
43 14.430 20000
44 14.430 34.333
45 14.430 434,000
46 14.430 46. 000
47 14.420 47.000
48 14.430 48.500
49 14,430 504500
50 14.430 534000
51 2C.710 0.0
5? 2C. 710 6.730
53 2C.1710 20.000
54 2C.710 34.333
55 2€.710 43.000
56 2C.710 46.000
57 20.710 47.000
58 2¢. 710 48.500
59 2C0.710 5 0.500
60 20.710 $3.000
61 28.060 0.0
62 28.060 6.730

63 28,060 20.000



119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

28.060
28,060
284060
28.060
28.0¢€0
284060
28,C60
3€.490
3€.450
3£€.450
36,450
36.490
364450
36.450
3€.4S0
3£.450
36.490
454960
45.950
45,660
454960
454960
45,950
45,950
45.960
45.5%0
454950
5€+560
5€6.560
5€.560
564560
5€.560
564560
5&4560
5¢€.5€0
€. 5€0
5€.560
68.150
£8.160
6E.160
68,160
68.150
68.150
68.160
684150
€8.160
68.150
8C.9CO
8C. 40
8€.9C0
80.9C0
8C.9C0
8C.5CO
8C.5C0
8C.9C0
8C.9C0
8C.9C0
94,680
94.680
94.6€0
94.680
94.680
94.680
S4.6E80
94.680
94,680
S4.680
1(S.5C0
1(S.5C0
10S.5C0
106.500
1€S.500
1C6.500
1(5.5C0
1(s.5C0
1(S.5C0
105.500
125.5C0
125.5C0
125.5C0

34.333
43,000
464 000
47.000
484500
50500
53. 000
0.0
6.730
20.00U
34.333
432000
462000
47.000
48.50u0
50500
53,000
0. 0
6,730
20000
34.333
434000
4be 000
47.000
48.500
3 0. 500
53.000
0.0
6.730
20.000
34.333
43.000
464830
46.910
50+ 740
53.Tuv
56.420
Ue U
64730
2U. 000
34.333
43,000
47.9a0
514500
54,460
%8+ 050
61.080
Ve 0
6.730
20. 000
344333
43.000
49.200
544330
384530
62.800
66.160
Ve 0
6.730
20.000
34,333
43.000
90. 550
57.400
624940
67.960
Tl.670
0.0
6.730
2U.000
344333
43,000
51.990
60.710
67.680
73.500
77.600
Q.0
6.730
20.000

66



144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
165
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
183
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219

125.500
125.500
125.5G0
125.5C0
125.5C0
125.500
125.500
142.5C0
142.5C0
L42.5C0
142.5C0
142.5C0
142.5C0
142.5C0
142.5cC0
142.5C0
142.5CQ0
16C.516
16C.516
l16C.516
16C.516
16C. 516
16C.516
16C.516
16C.516
16C.516
16C.516
176. €51
176.651
179.¢51
176.651
175.651
176,651
178.651
175.651
176,651
176,651
196.8¢8
199.85%8
196.858
16%.858
196.858
195.858
195.858
196.858
195.858
155.858
221,135
221.135
221.135
221.135
221.135
221.135
221.135
221.135
221.135
221.135
243,483
243,483
243,483
243,483
243,4E3
242,4€3
243,483
243,483
243.483
243,463
2££4.9C3
266.9C3
26649C3
26€.5C3
26€.5C3
266.9C3
266.9C3
266.9C3
2664503
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279
280
281
282
283
284
7285
286
287
288
289
290
291
292
293
294
295
296
297
298
299

266,963
261.363
261.363
261.363
261.363
291.363
2€1.363
2€1.363
261.363
261.393
291.393
31¢€.554
31€.554
31€.554
316.954
316.954
316.954
3116.654
316.954
316.954
316.954
3143.586
343,586
343,566
343,586
343,586
141,586
343,566
343,586
343,586
343,586
371.2€9
3171.2¢9
371.289
371.289
371,289
371.289
371,289
371.269
171,289
371.289
40C.063
40C. 063
4CC.063
40C.C63
4CC.063
4CC.063
40C. 063
4CC.063
4CC.063
40C.063
426,508
426.5C8
425.9C8
425,908
426.908
425.5C8
425.6C8
425.5C8
425.908
426.5C8
46C.826
46C.824
46C.B24
46C.824
46C.824
46C. 824
46C.824
46C.824
46C.824
46C 824
452.812
492.812
4592.812
492.812
492.812
492.812
492.812
492.812
452.812

140.5061
58.809
6545l
T4.3388
854350
98.430

114.201

127.279

137.0604

145.357

1504357
69.034
75.765
84.612
935.575

108+ 654

124.425

137.503

l47.889

155.582

160. 582

19.687
B6.41l8
95.26%

106.228

119,307

135.078

l4B.150

158,542

lo6.234

171.234
90.7068
9T.499

10643406

117.309

130.388

146,159

159,237

l69.623

177.316

182. 316
102,278
109, QU9

117.85%6

1268.819

14l.8908

157.6069%

170.747

181.133
138,825
193,825
ll«.216
120.947
12 9. (94
140s 757
153.836
169.607

182.685

193.071

200. 763

205. 763

126.242
133.313
142.160
153.123
166.202
181.973
195,051

205.437

213,130

2184130

139.377
l46.108
154. 955
lo5. 918
178,997
194,768

207, 846

218,232

2254925

68



452.812
525.8170
525.87C
£72%.870
525.870
52542170
52%.8170
525.8170
525.8170
525.870
525.8170
5564999
556.9%9
559.999
556.999
556.969
55%.959
556.9%9
559.999
55%.999
566.969
56€.6C1
568,601
568.601
598.6C1
56E.6C1
56€.6C1
598.601
598,601
568.601
568.601
635.3C8
63£.3C8
635.3(8
635.3C38
63¢.3C8
63£.3C8
6315.308
63%.3C8
635.3C8
63%,3(8
6714209
611.2C9
671.209
671.2C9
671.2C9
671.2C9
671.209
6171.2C9
6711.2C9
61711.2C9
TCé.3C4
7C6. 304
7C6.304
7C6.3C4
7Cé6.3C4
7C6.3C4
7C€.304
7C6.304
7C6.3C4
TC6.3C4
740,562
740.562
740.5%2
74C.552
714C.562
74C.562
740.552
74C.552
74C.5%2
74C.562
174.0174
774.C74
7114.074
174.074
174.C74
714.074
174.0174
174.074

2304925
152.600
159.331
168.1738
179.141
192.220
207,991
221.069
231.4595
23%. 148
244,148
1664252
172,983
181.830
192.793
205.872
221.643
234,721
245.107
292. 799
257.799
18l.692
138.424
197.271
2084233
221.312
237.083
230.162
2604547
268.240
273.240
196.3175
203.107
2114954
2224916
235.996
251.1761
264.845
2715.230
2d2.925
23749213
210.730
21 7.4617
226.314
237.2717
250.356
20064121
279.205
2894591
297.283
302.284
224. 774
231.505
240.352
2514315
264.394
280s 105
293.243
3u3.629
311.321
3164322
238.4089
245,220
254. 067
205,030
2784109
293.880
3064958
317.344
325.0386
330,037
251081
258.0613
267.460
278.422
291.501
301.272
320. 351
330. 736
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43¢
431

174.074
174.C74
80¢€. 749
806. 749
8064749
8C€.T49
BC6.749
8C€. 749
A0¢€. 749
8064749
8C€. 749
8CE. 749
838.617
838.617
838.617
838.617
€38.617
838.617
818,617
838.617
838.617
83E.€L7
B65.678
865.678
£65.6178
86%.6178
£66.6178
865.678
869.618
869.678
€6G.678
£€<.6178
895.534
895.634%
£€55.934
86G6.934
896.924
89%5.G34
896.934
895.93%4
89G.934
89G6.934
92%.382
92S.382
$2%.382
§26.382
926.382
$25.382
92%.382
92%.1382
926.382
925,382
958,024
G584024
958.C24
658, C24
958,024
558,024
$58.024
5564024
658. 024
G58.G24
985,859
985.859
G85.859
$85.859
98%.859
98¢, 859
S85.859
9854859
9854859
985.8959
1012.888
1012.888
1C12.888
1C12.888
1C12.8¢€8
1012.8¢8
1ct2.6888
1C12.888
1cl12.8¢88

338.429
343,429
264.951
271.682
280.530
291,492
304,571
3204342
333,421
343,806
391.499
350,499
277.698
284.430
293.277
3044240
317.319
333.090
3464168
396.553
3044246
369.246
290.123
2964854
305.701
316.604
329.743
3454514
3584593
368.97b
376.06171
3dl.671
302.225
30B. 956
317.803
328.766
341.845
357.616
370.695
381.080
388,773
393.773
314.005
320. 736
329.583
340.546
353.625
369.396
382.474
392.860
400.552
405.552
325.461
332.193
341.040
352.002
365.082
380.853
393.931
404.316
412.009
417.009
3364595
343.327
352.174
363.136
376,216
391.987
405, 065
415,450
“423.143
4 8e 1605
34 7.407
354.138
362.985
373.948
387.027
4024798
415.876
4264262
433.955
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1C12.8¢€8
1039.110
1€39.110
163s.110
1C3s.110
103s.110
1€36.110
1C39.110
1€35.110
103s.110
1036.110
1064.526
1C64.526
1064.526
1064.526
1064.526
1064.526
1664.526
1C64.526
10£64.526
1064.526
1C8s.135
1C89.125
1085.135
1C€5.135
108S.135
1C8%.135
L0B8S. 1325
1€85.135
1C86.135
1089.1135
1112.938
1112.928
1112.63¢
1112.538
1112.938
1112.938
1112.538
1112.638
1112.528
1112.638
1135.633
1135.923
1125.933
1135.533
1135,4633
1135.933
1135.933
1135.933
112,623
1126.933
1158.123
1158.123
115€.123
1158.123
1158.123
1158.123
1158.123
1158.123
115€8.123
1158.,123%
1179.5C5
1175.5C5
1179.5C5
1175.5C5
1179.5405
1179.5C5
1179.5¢C5
1176.5(5
1179.5C5
1176.5CS
1200.081
12€C.081
12cC.C81
12Cc.Cel
1200.0¢€1
120C.081
12€0.081
L2cc.c8l

43 8. 955
357. 896
364.6217
373.474
384437
397.516
413,247
42643065
436.751
4440494
44 9. 444
368.062
3744793
383.0640
394.0603
497.682
423.453
4364531
446.917
454.610
459.610
377.906
384,637
393.484
4044417
4l7.%20
433,297
44643175
456.761
464.453
469. 453
387.4217
394.158
4U3.4J0%
413,968
4274067
442,818
499,896
466,262
413.974
478.974
396.625
403.35%0
412,203
423.166
436.2465
452.0l10
469. 094
475,480
483,173
488.173
405,501
4l2.232
421.079
432.042
445.121
460.892
473.970
484.350
492.048
497. 048
414,094
420.785
429.632
44 0.595
453.674
4694445
4824523
492.909
500. 601
505%. 601
422.284
429.015
437.863
44 8. 025
461. 904
@17.675
490. 754
501.139
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12CC.CEl
12c0.081
1219.851
1215. 851
1216.3851
1215.851
1215.851
1216.851
1216.851
1219.851
1215.851
1216.851
1238.814
1238.814
1238.814
1238.814
1238.814
1238.814
1238.814
1238.814
1238.814
1238.814
1256.910
1256.570
125€.S70
125€.910
125€.5170
12564910
1256.59170
125€.6170
125€.910
125€.570
1274.320
1274.320
1274.320
1274.320
1274.320
1274.320
1274.320
1274.320
12744320
1274.320
129C.8€3
126C. 863
129C. 3¢€3
12GC.0¢€3
125C.8¢3
125C.863
126C.863
129C.8¢€3
1290, 8¢3
179C. 863
130€.5%9
13C€. 559
13Cé€455S
13C¢€.559
13C€.559
13C€.559
13C¢. 559
130¢€. 559
1306.569
13C¢€¢.5%9
1321.529
1321.529
1321.529
1321.52%
1321.529
1321.529
1321.52S
1321.529
1321.529
1321.529
1335%.653
1335.653
123%.¢€53
1335,6%3
1335.653
1335.653
133c5,€%3
1235.6¢%3

508. 842
51 3. 832
430,192
436.923
445,771
4564735
469.812
435.583
498.662
509.047
516,740
521740
437.777
444.509
453.356
464.318
4717.397
493.168
S5U06.247
516.632
9244325
52 94325
445,040
451.771
460.0618
«Tle581
484.660
500.431
513.509
523.895
531.587
936.587
491.979
“580711
467.558
478.921
491.600
507.371
52 Ve 449
530.834
938.%27
5434527
4984997
46543286
4las LS
48%.1386
498.217
513.988
527« 060
537ad4n92
249 145
550. 145
4644892
471.623
480.470
491,433
504.51¢
520.283
533.3061
S43.747
551.439
9564439
470.8b4
417.59%
4864442
497.405
51 0. 484
5264255
539,333
549,719
557.411
S0l.411
4764513
4834244
492,091
503. 05«
Sloclas
931l.904
544,982
5959.368
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CFe

133%5.653
1335.6¢%3
1348,669
134£,G¢€6S
1348.5¢9
1348,6¢€9
1348.969
134£.669
1348.G¢€5
1348.9¢€9
1348.5¢69
1348,9¢€9
1361.4¢€0
1361.4F€0
1361.4¢0
1361.4€0
1361.480
1361.4F¢0
1361.4€0
1361.4€0
1361.480
1361.4€0
1373.183
1373.1¢€3
1373.1¢3
1373.183
1373.183
1373.1¢€3
1273.1¢€3
1373,1¢3
1273,1€3
1373.183
1384.0¢8)
1384.081
1384,081
1384.0E1
1384,081
1384.G€1
1384.0¢€1
13€4.0€1
1384,081
1384,081
1364.171
1394.1171
1394.1171
1394,171
1394.171
1394.17
1394.1171
1394.1171
1394,171
13G94.171
14C3.455
14C3.455
1403.455
14C3.45%
1403.455
14C3,455
1403.455
1403.455
1403.455
1403.455
1411.632
1411.932
1411.632
1411.622
1411.632
1411.632
L411.632
1411.932
1411.632
1411.632

563,061
So0b. 061
“4d1.840
48845171
497.418
SUB.381
5414060
537,231
5506309
5604695
S68. 307
2734307
436.844%
493.575
902,422
513.385
52 0. 404
S542.2359
555,313
569,699
573.391
578.391
491.525
498.256
507. 104
51 8. 066
531.145
9% b.916
95 9. 995
570. 380
578. 073
583.073
495,084
502.0615
511.4062
522.425
935.9504
5514275
S64e354
5744739
SH2.432
587.432
499,920
506.051
5194499
52644061
9394540
555.311
568.390
ST68.775
5d6.4608
591.4064d
503.634
510+305
519.212
53041175
54 3.254
559,025
9724103
S582.489
590. 141
995.1381
507,025
5l 3. 756
922.0603
533,566
540. 045
562.416
575.4 9%
585. 880
543.5172
59b.572

ELEMENT

12 2

DEFINITICNS .

1

9

68

73

FCRMAT

(1615)
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s an

CFa aee 1lle CARU INPUT FCR INITIAL CR PREINITIAL
CUNUITIUNS. FURMAT (15.5X+F10.0} e
1 Ce
690 C.
CFeo wee 12+ STEADY-STATE INTEGER PARAMETERS. FORMAT (1615} .
C 0 1 2 12 ”
CFe eee 13, STFAUY-STATE RAINFALL PROFILES. FORMAT (8F10.0)
Ce l.
1€0000C. 100C000.
CF. eee l4o STHAUY-STATE RAINFALL TYPES AND
PONDING DEPTHS. FCRMAT (315,5X42F10.0) ..o
6 1 0 O.
10 1 1 Ua
690 1 10 0.
CFa eas 15+ STEAUY~>TATE RAINFALL-SEEPAGE
SURFACE ELEMENTS. FCRMAT (1615) <.
&6 [ 7 0
9 9 10 1
S 10 20 0
612 6RC 650 1
CFa eee 1B, TRANSIENT-STATE INTEGER PARAMETERS., FORMAY (1615}
0 C 1 2 12 73
CF. eee 16+ TKANSIENT-STATE RAINFALL PROFILES. FORMAT (8F10.0) .
0. 1.E50
Ce Ce
CF. eee 20+ TRANSIENT-STATE RAINFALL TYPES AND
PONDING DEPTHS., FCRMAT (315,5X42FLl0.0) <ea
[} 1 o] 0.
10 1 1 0.
690 1 10 Ue
CF. ewe 2le TRANSIENT-STATE RAINFALL-SEEPAGE
SURFACE ELEMFANTS. FURMAT (1615} <a.
6 [ 7 Q
S 9 10 1
g 1c 20 0
612 6f0 650 1
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PRPRIFM 1273.. COWFETA PROBLEM

INPUT TARLF l.. BASTC PARAMETEFRS

NUMBFR OF NODAL POINTSe v o o o« o o« o o 050
NUMBER NF FLEMFNTS: o ¢ o o o o o o = » 612
NUMARFR 0OF DIFFFRENT MATFRIALS o o« « & 1
NUMBFR OF CORRFCTION MATFRIALSe o o « » o
NUMBFR OF TIMF INCREMENTS o o« o o o o &« 0
STFADY—STATE TeCe CONTRCL o o o o = o » 0
SOIL-PROPERTY CONTROL o « « o o o o o o 1
NUMBEFR OF SOTL PARAMETERS o o o o o o o 43
AUXTL TARY STORAGE CONTRCL o o o o o o ¢}
CONNDUCTIVITY—PERMFABILITY COCNTROL + o & (o}
GRAVITY CONTROL o o o o o o o « o o o Q
RFSTARYT PARAMETER o o o o - « o o o [o]

5

MAXIMUM CYCLES PER TIME STEP. e e = o 3

TIMF INCRFMFNT. o o o o « = o« - = o « Ua0033C0
MULTIPLIFR FOR INCREASING DEL e o o » UL05CCCC
MAXTMUM VALUE CF DFLT o o o o o o o o 20.250CC CC
MAXTMUM VALUE CF TIME « o ¢ o o = o « «0.10000 51
DFGREFS OF PRIN-AXIS INCLINATION. . o « U.0

STFADY=STATE TOLFRANCE. + « e = « « UaClCCCO
TRANSTFENT—STATE TOLERANCE . . e o » « Da01CCCC
DFENSITY OF WATFRe o« o o o o - o o« » le0CCCCC
ACCFLFRATION CF GRAVITY . o . 98C.€CC
VISCOSITY OF WATER. o o o = = « o o o VLG13CCC
TIMF-INTEGRATION PARAMFTER. . - o « » laCCCCCC

MAXTMUM ITFRATIGNS PER CYCLES. o« o o o & 4

OUTPUT CONTROL
0000000000C00000CCCCCCCCCCCO000000VO0DCOCCCCCOCCCCL



INPUT TABRLF 2..

MAT. N
1

0.0

ALP

76

MATFRIAL FROPERTIES

BETAP
0.0

POR
C.5000U0 OV

0.0

KX

K2Z



INPUT TABLF 3..

MAT .

Nde
1

SOIL-PRNPERTIES

PRFESSURF

~0.1129D
-0.93820
-0.7736D
-0.6409D
-0.5292D
-0.43°1D
~0.3627TD
~0.26830
~0.24760
-N.2C53D
-0.1695D
~0.1403D
—-0.1156D
-0.6585D
-0e 75460
~0.6542D
~0.5426D
~0+44920
~-0.3712D
-0.3C70D
-0e2926D
-0.70960
-0.1740D
~0.15C0D
-0.12500
~0.1000D
-0.85000
-0.7000D
-0.6C00D
-0.5000D
-N.4C00D
-0.3500D
-0.30000
-0.25C0D
-0.2CC0D
-0.10000D
0.0
Q10000
0.2CCOD
0.3C00D
0.4C00D
0450000
0.6C00D

05
04
04

INTERPOLATIUN VALUFS

MUl STURE CONTENT

Je.1lls00
Ua12500
Ue1330D
Ve 14000
Ue 12800
Ualbo0D
Ve 16300
O.1710D
UJe 1 780D
U 180600
Qe 19400
0a20lQD
Qs 2U90UD
VelZloOU
U. 224400
0.23200
Je23900
0e 24700
0.25400L
e 26200
0.27000
V.27100
0.28500
0. 29100
0. 30030
Ja3ls510
0es2730
0.34250
0.3547D
Ue 36910
0.38630D
Va4 UBTL
Ue43730
Oe4b6 8L
Ve 49100
Ue51100
052010
Ve H2630
Ue 53080
Ue 55530
0.53920
Ve54250
094520

CCNCLCTYIVITY/PERMEABILITY
0.45000 03
—0.3C000 02
0.5C000 01
0.0

DL I T I T T I e T O R R e R O S L I R D R B S I R R I S T I )
OCO000LOO0QLOO0OO00LO0OOUCLLOLLLOOCOCLODOOOCDOODOC

CCO0O0O0CODO0OLOODOOCOLOLCOOOOOCOCODLOLOLOLCODOOCCOCO

RATER CAPACITY
0.3540D-C5
C.42700~-C5
€.51700-C5
C.6250n-C5
C.75600-C5
C.9140D-C5
C.11000~-C4a
C.1340D-C4
C.16200-C4
C.1950D-C4
C.2360D-C4
C.28500-C4
C.34600-C4
C.41800-C4
C.5040D-C4
C.6120D0-C4
0.73800-C4
C.89100~-C4
C.10800-C3
C.1300D-C3
C.15800-(3
C.1910D-C2
C.2300D0-C3
€C.27G3D-C3
C.47500-C3
C.7230D-(C3
C.9050u~-C2
C.11300-C2
C.13100-C2
C.1700D-C2
C.3740D-C2
C.54400-C2
0.61600-C2
C.54400-C2
C.3740D-C2
C.1300D-c2
0.7000D-C2
C.54000-C3
C.4800D-C3
C.42000-C3
C.36C0D-(3
C.3000D-C3
€.24000-C3

LL



INPUT TABIF S..

NUDE
1

78

X

NODODDOCOOOR

¢ s s 0 e

DOODOO0ODDHD00

Qaan
0.20CCD
0.200CD
0.200CD
0.200CD
0.200CD
0.200CCD
0.20C0D
0.20CCD
0.20000
0.5071D
0.5071D
0.501710
0.50710
0.50710D
0.5071D
0.50710D
0.5071D
0.5071D
0.50710
0.9213D
0.92130
0.9212D
0.9713D
0.921130
0.92113D
0.92130
0.92130
0.9212D
0.92130
0.14430
0.14430
0.14430
0.1442D
0.14430
0.14430
0.14430
0.1443D
0.1443D
0.14430
0.20710
0.2071D
0.2071D
0.2071D
0.2071D
0.20710D
0.20710
0.2071D
0.2071D
0.20710
0.28CéD
0.28C¢€N
0.2806D
0.28060
0.28060
0.28Cé€D
0.78C6D
0.280¢€0
0.280¢€0
0.280¢€N
0.364SD
0.36495D

NODAL PCINT CATA

1

C.0
C.6713CD
C.2C0CD
C.3433D
(.420CC
C.4€0C0
C.4170CD
C.485CD
C.5C5CD
C.530CD
C.0
C.673GD
C.2C00D
(.3433D
C.42000
C.4€000
C.47CCD
Ca4E5CD
C.5C5CD
C.520C0
C.0
C.613CD
(.2C0CD
C.34330
C.420C0
(.460C0
C.470CD
C.4E5CD
C.5C5CD

-« £30C0
(.C
C.673CD
C.2C0CN
(.3433D
C.430C0
(.460CD
C.470CD
C.4E500
(.5(5CD
C.530C0
C.C
C.673CD
C.2C0CD
C.34330
C.42000
C.460CD
(.47CCD
(.485C0

- 5C5CD
C.520CG0
c.C
€.6173CD
(.2C0CD
(.3433C
C.420GD
C.4€¢0CD
C.470C0C
(.4E5C0
.505CD
C.5200D
C.C
C.6173CD
C.2C0CD
C.34330
C.420C0
C.4€0CD
C.470G6D
(.485C0
C.5C5CD
C.£20C0
C.C
C.673CD



121
122
123
124

79

0.3646D
0.3649D
03.364S0
0.3645M
0.364S0
0.364SD
0.3648D
0.3649D
0.456SD
0.45S60D
0.459SD
0.4599D
0.459SD
0.459SD
0.459SD
0.45960
0.4599D
0.45S9D
0.565€D
0.56560
0.565€D
0.5656D
0.565¢€D
0.56560
0.56560
0.56560
0.56560
0.5656D
0.68190
0.68160
0.6818D
0.6819N0
0.6819D
0.6816D
0.6819D
0.6816S0
0.68190
0.68180
0.80900
0.80SCD
0.8090N
0.8090D
0.8090C0
0.8090N
0.809CD
0.809CD
0.80900D
0.806CD
0.94¢€€D
0.9468N
0.94680
0.94680
0.946¢8N
0.9468¢0
0.946E8D
0.94680
0.9468D
0.946¢D
0.10950
0.1098D
0.109%0
0.10850
0.10S50
0.10950
0.1095D
0.1095D
0.109%0
0.1095D
0.12%8D
0.12550
0.12580
0.125%0
0.125¢N
0.125%0
0.12550
012550
0.1255D
0.1255n
0.14250

C.2€0CC
€.3433D
C.420CD
C.4€0CD
C.470CD
C.4E5CD
«S5C5CD
€.520CD
c.0
C.€73CD
€.2C0CD
€.3433D
C.4:0CD
C.460CD
C.470C(D
(.4E5CD
+5CS5CD
C.530CD
c.C
C.6173CD
C.2C0CD
C.34330
C.430CD
C.4683D
C.4€510
C.5C74D
«£37C0
C.5£42D
C.C
.€73CD
€c.2€0CD
C.3433D
€.430CD
C.417960
C.515CD
«S446D0
C.5€05D
C.61C8D
C.0
€C.673CD
€C.2C0CD
€.3433D
C.4200D
€.4S2CD
(.5433D
C.58530
C.€2800
C.6€16D
C.C
C.673CD
€.2C0C0O
C.2433D
C.430C0
€C.5C55D
€.574C0
Ce6294D
C.617G560
C.7167D
C.C
C.6173CO
C.2CCCD
C.3433D
C.420CD
C.515%0D
C.6C71D
C.6768D
C.735CD
C.7760D
C.C
C.€73C0
C.2C0CD
C.3433D
C.430CD
C.5255D
C.642170
C.7281C
€.75490
C.840CD
C.C



231

80

0.14250
0.14250
0.14250
0.142¢D
0.1425D
0.1425D
0414250
0.1425D
0.14250
0.16050
0.16CSN
0.1605D
0.16C5D
0.16CSD
0.16080
0.1605D
0.1605D
0.1605D
C.16CEN
0.17$7D
0.179D
0.1797D
0.1797D
0.179170
0.1797D
0.1797D
0.1797D
0.1797D
0.1767D
0.199%D
0.1999D
0.1965D
0.195$D
0.1995D
0.1996D
0.1999D
0.19$SD
0.1965D
0.196$D
0.22110
0.2211D
0.2211D
0.22110
0.2211D
0.2211D
0.22110
0.2211D
0.22110
0.22110
0.241350
0.72435D
0.7435D
0.243%D
0.243%D
0.2435D
0.2435D
0.241350
0.24350
0.2435D
0.2669D
0.26690
0.2666D
0.266SD
0.266%D
0.26690
0.7666D
0.2665D
0.266SD
0.266SD
0.7914D
0.2914D
C.2914D
0.2914D
0.2914D
0.2914D
0.29140
0.29140
0.2914D
0.2914D
0.3170D

C.
C.
Ce
C.
C.
C.
Ca
C.
Ca
C.
Ce
C.
Ca
Ce.
C.
C.
C.
C.
C.
C.
Ce
C.
C.
Ca
Ce
C.
C.
Ce
Ce
C.
Ce
Ce
Ca
Ce
C.
Ce
C.
Ce
C.
Co
C.
C.

€13CD
2C0c0
34330
430CD
5€200
6EC6C
18250
8€8¢D
9C800
£4550
131D
22040
3433D
4€08D
61850
74930
8£310
§201D
38010
14110
20840
26650
4C65D
373D
665CD
825€D
62910
1cc70
1C570
222CD
2€93D
33710
48740
6182D
77590
SC61D
1C110
1€8D
11370
3C710
27440
4€26D

C.572%D

Ce
Ce
C.
C.

7C33D
8€1CD
$%180
1C9¢&D

C.1173D

Ce
C.
C.
Ce
C.
Ce
(.
C.
C.
Ce.
C.
Ce
Ce
C.
C.
Ca
Ce
Ce
C.
Ce
C.

12230
36650
4¢38D
55220
6£190D
75270
S£040
1¢810
11850
12620
13120
46010
SE€7SD
64590
755€0
2€63D
10440
L1750
1279D
13560
140¢€0

C.SE31D

C.
Co
C.
Ce
Ce
Q.
Ce
C.
C.
C.

€£54D
743SD
8€35D
3€43D
11420
12730
1371710
14540
15040
€SC3D



232
233
234
235
236
237
238
2139
240
241
242
2413
244
245

247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
2710
271
2712
213
274
215
276
271
218
219
230
231
282
283
2R4
7?85
286
?87
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
3013
304
305
306
307
308
309
310
311
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0.31700
c.317CD
0.31170N
0.317CD
0.3170D
G.317CD
0.3117¢D
0.317CD
0.31700
0.3436D
0.3436D
0.3436D
0.343¢0
0.34360
0.3436D
0.34360
0.343€D
0.3436€D
0.3436D
0.3713D
0.37130
0.3713D
0.37130
0.37130
0.3713D
0.3713D
0.37130
0.3713D
0.3713D
0.40C1D
0.40C1ND
0. 40C1N
0.40C1IN
0.4001D
0.4001D
G.40C1D

- 0.40C1D

0.40CID
C.4001n
0.4266D
0.429SD
Ce4296D
0.4266D
Qa4296D
0.429%D
0.42980
0.4255D
0.428SD
0.42990
0.4608D
0.46CED
C.46CED
0.460€D
0.4608D
0.4608D
C.4608D
0.460€D
C.46CED
C.46C8D
0.4928D
0.492¢€ED
0.492E€ED
0.4928D
N.4928D
0.4928D
0.4928D
0.4928D
0.49280
0.49280
0.57256D
0.5256D
0.525SD
0.52560
0452590
0.525%D
0.525%D
0.525S0D
0.52590
0.52590
0.56CCD

€270
C.84610D
C.9558D
C.1(87D
Calzaal
C.137¢D
C.14750
C.155€&D
C.160¢D
€. 79650
C.EB€42D
C.9827D
C.1C620C
C.1193D
Ca1251D
C.1482D
C.1585D0
C.1€62D
(.1712D
C.5CT77D
C.§750D
C.1C63D
C.1173D
C.1304D
C.1462D
C.15920
C.1696N
C.17173D
C.1€230
€.1C230
C.1C9CD
C.11790D
C.1288D
Cal4lsD
C.1£77D
C.17070
C.1811D
(.1€E880
C.1$3€D
C.1142D
(.120SD
C.1298D
C.140€0
C.1%3ED
C.1¢9¢D
C.1827D
C.19310
(.2C0ED
Cs2C5€D
Cal26¢€D
C.1333D
Ca1422D
(e1%310
C.1€62D
C.1E2CD
C.16510
C.2C540
€.21310
C.2181D
C.1294D
C.1461D
C.1550D
C.1€59D
C.179CC
Ce1S4ED
C.2C78D
€C.21820D
(.2256D
(.22050
C.182¢D
C.1593D
C.1€82D
€.17910
C.16220
c.208¢CD
C.2211D
C.2215D
(.22391D
C.24410
Ce.1€663D



31Aa8
389
390

82

0.56CCD
0.560CD
0.560CD
0.56CCN
0.56GCD
0.56CCD
0.560CD
0.560CD
0.5600D
0.5986D
0.59860
0.59860
0.59860
0.59860
0.5986D
0.59860
0.59860
0.5986D
0.5986D
0.6353D
0.6353D
0.63530
0.6353D
0.6353D
0.6353D
0.63530
0.63530
0.6353D
0.6353D
0.67120
0.67120
0.67120
0.67120D
0.6712D
0.6712D
0.6712D
0.6712D
0.6712D
0.6712D
0.7063D
0.706130
0.706130
0.7063D
0.7063D
0.7063D
0.7061D
0.7063D
0.7063D
0.70630
0.74C6D
0.740€D
0.74C€D
0.740€&D
0.74C6D
0.74C6D
0.74060
0.7408D
0.740€D
0.74C6D
0.77410
0.7741D
0.7741D
0.77410
0.7741N
0.77410
0.7741D
0.7741D
0.7741D
0.77410
0.8061D
0.8067D
0.8067D
0.8067D
0.8061D
0.80617D
0.8067D
0.8067D
0.8067D
0.8067D

C.17300
C.1818D
€.15280
C.2C55D
€.2216D
€.2341D
Ca24510D
C.252¢€0
C.2578D
C.18170
C.1884D
€.15730
€.2€82D
€.22130
€.22710
€.25020
C.2€050
€.2€82D
C.27320
C.16640
€.2€31D
c.212¢C0
€.222SD
C.236CD
C.251€D
C.2648D
€.2752D
C.2€25D
C.287SD
€.21070
€.2175D
€.2263D
€.23173D
C.2504D
C.2¢61D
€.27920
C.2896D
€.2673D
€.3023D
C.2248D
€.2215D
€.24C4D
€.25130
C.2644D
C.7€02D
€.29320
€.3C36D
C.3113p
C.3163D
€.23850
C.2452D
€.25410
C.265CD
€.217810
25390
€.3C7CD
C.3173D
C.325CD
€. 33000
C.2515D
C.2%8€0
€.26750
€.217840
€.2615D
€.3C72D
€.3204D
€.33070
C.32840
€.3434D
€.265CD
€.27170
C.2E0SD
€.2515D
€.3C460
C.3202D
C.3234D
C.343ED
C.35150
€.35650



391
392
393
394
395
a96
3197
398
399
400
401
407
403
404
405
406
407
408
409
410
411
412

463
464
465
466
467

469

83

0.8386D
0.838¢0
0.8386D
0.83860
0.838¢D
0.8386N0
0.8386D

0.8386D°

0.8386D
0.838¢D
0.86%70
0.86970
0.86970
0.86970
0.8687D
0.86G7D
0.8697D
0.86917D
0.8697D
0.8697D
0.89S650D
0.8996D
0.8999D
C.8999D
0.8999D
0.8995D
0.89990
0.8999D
0.89S9D
0.8995D
0.9294D
0.92940
0.9294D
0.9294D
0.92940
0.9264D
0.9294D
0.92940
0.9294D
0.92940
0.958CD
0.958CD
0.958CD
0.95800
0.958C0
0.958CD
0.95800
0.958CD
0.958CD
0.958¢CD
0.9859N
0.9859D
0.985sD
0.9859D
0.9856D
0.9858D
0.985%D
0.98560
0.9859D
0.985SD
0.1013D
0.1013¢
0.1013D
0.1013n
0.10130D
0.1013n
0.10130D
0.1013D
0.1013D
0.1013D
0.1039D
0.1035D
0.103%D
0.1039D0
G.1038D
0.10360
0.103%D
0.103%0
0.103sD

C.27770
C.2E440
C.2533D
Ca3C420
C.2173D
C.32310
C.34620
C.3€6¢D
C.3€42D
C.3¢920
C.25010D
C.25650
C.3C57D
C.316170
C.3297D
C.3455D
C.35860
C.2€9CD
C.3767D
C.3€17D
€.3C22D
€.3C9CD
C.31780
C.328BED
C.3418D
C.3576D
(.37070
C.38110
C.JEBED
C.3538D
C.31400D
C.32070
C.329¢D
C.3405D
C.3%36D
C.3€940
C.3825D
€.3626D
C.4C060
C.4C56D
C.32550
c.3322D
C.341CD
C.35200
C.2¢51D
C.3€0SD
C.3%39D
C.40430
C.412CD
C.417C0D
C.3366D
C.3433D
c.35822D
C.3€310
C.3762D
C.3920D
C.4C51D
C.41550
C.42310
C.4281D
C.3474D
C.3%41D
C.3€300
€C.313SD
C.387CD
C.4C28D

C.41590
C.4263D
€.434CD
C. 43900
C.3579D
C.3646D
C.37350
C.3E44D
C.3675D
C.4133D
C.4264D
C.4268D
Ce44440

03
a3
03
03

03



470

472
473
474
475
476
417
4718
479
480
481
487
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
206
507
508

510
511
512
513
514
518
b16
517
518
519
520
521

522
523

548
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0.10390
0.1065D
0.10650
0.1065D
0.10650D
0.1065D
0.10650
0.1065D
0.10&%0
0.1065N0
0.1065D
0.1085D
0.1088D
0.1085%D
0.1089D
0.1086D
0.108SD
0.108SD
0.10890
0.1089D
0.108%D
0.11130
0.1113D
0.11130
0.1113D
0.1113D
0.1113D
0.1113D0
0.1113D
0.1113p
0.1113D
0.113¢€0
0.113¢D
0.1136D
0.1136D
0.113¢€D
0.113¢D
0.1136D
0.11360
0.113€D
0.113¢D
0.115€n0
0.115€D
0.115&D
0.1158D
0.11580
0.115€&nN
0.115ED
0.115€ED
0.1158D
0.1158D
0.118CN
0.118CD
0.1180D
0.1180D
0.118CD
0.11800
0.118C0
0.11800
0.1180D
0.118CD
0.12CCD
0.120CD
0.120CD
C.120CD
0.120CD
0.120CD
0.12000
0.1200D
c.1200D
0.12CCD
0.122C0
0.1220D
0.1220D
0.122CD
0.122CD
0.122C0
0.12200
0.12200

C.4494D
C.3€681D
C.37480
(38360
C.36460D
C.4C77D
C.42350
C.4365D
C.44650
C.454¢D
Ce4E9€D
C.3775D
C.384¢0
C.35350
C.4C44D
C.4175D
C.42330
C.44640
(.4568D
C.4€45D
C.4€9¢D
C.3874D
€.3%420
C.4C3CD
C.414CD
C.4270D
C.4428D
C.455%0
C.4€630
C.4174C0
C.479C0
C.3566D
C.4C340
C.4122D
C.42320
C.4262D
C.4%2CD
C.4651D
C.41550D
Co4832D
C.4€82D
C.40540
C.4122D
C.4211D
C.432CD
C.44510
C.46CSO
C.474CD
C.4€44D
Ca4520D
C.457CO
C.41410
C.4208D
Ce4296D
Ce4406€0D
C.4537D
Ca46940
C.48250D
(.4526D
. 500€D
C.5C56D
C.4223D
€.429CD
C.43790
C.44880
C.4€19D
C.47770D
(.4GCED
€.5C11D
C.508¢€0
C.5138D
C.43C20
C.436SD
C. 44580
Ce4c6170
Ce4é9ED
C.48560
C.4%87D
C.5C900



628

85

0.12208D
0.122CD
0.12360
0.12390
0.12390
0.123%D
0.123S0D
0.1213SD
0.1236D
0.1239D
0.1213SD
04121360
0.12571D
0.1257D
012570
0.1257D
0.1251D
0.1257D
0.12570
0.1257D
0.1257D
0.12570
0.1274D
0.1274D
0.1274D
0.1274D
0.12740
0.1274D
0.1274D
0.1274D
0.12740
0.12740
0.1291D
0.1291D
0.12S1D
0.1291D
0.1291D
0.1261D
0.1291D
0.1291D
0.12910
0.1291D
0.13C7C
0.1307N
0.13070
0.13C7D
0.,13C7D
0.13C70
0.13C170
0.13070
0.13C67D
0.1307D
0.1322D
0.1322D
0.13220
0.1322D
0.13220
0.13220
0.1322D
0.13220
0.13220
0.1322D
0.133¢€¢N
0.1336D
0.133¢D
0.133¢D
0.1336D
0.133¢éD
0.133¢€0
0.133¢D
0.13360
0.1336D
0.1345SD
0a.1345SD
0.13496D
0.1349D
0.134SD
0.1345SD
0.1346D
0.13460

€.51617D
C.5Z170
€.4378D
C.4445D
C.45340
C.4€43D
€.4174D
€.4532D
€.5C620
€.5166D
€.5z43D
€.5%930
C.4450D
C.451ED
Ca 46060
C.4716D
C.4847D
€.5004D
€.51350
C.523SD
€.53160

.526¢D
C.4520D
C-4587D
C.4676D
C.4785D
C.451€D
€.5C74D
€.5204D
€.5308D
€.53850
€.5435D
C.4586D
C.4€53D
€.4742D
C.4€51D
€.4582D
C.5140D
€.5271D
€.53750
.5451D
€.5501D
C.4645D
C.417160
C.4€CSD
Co4SL4D
€.5C45D
€.52020
€.5334D
€.5437D
C.5514D
« 55640
€.470%D
C.4776D
C.4864D
€.4574D
€.5105D
€.5263D
€.5393D
€.54970
Ce5574D
C.5€24D
€. 417650
€.4832D
€.4521D
€.5C310
€-£161D
€.53190
€.545CD
C.5554D
C.5€310
C.5€81D
C.4818D
€.48860
€.4674D
C+5C84D
€.5215D
€.512720
€.5503D
€.56070



629

631
&32

634
6135
636
6137
61348
639
640
641
542
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
614
675
676
&T7
678
679
680
681
682
683
684
685
686
687
688
689
690

86

0.13490
0.1346D
0.13610
0.13610
0.13610
0.1361D
0.1361D
0.1361D
0.13610
0.13610
0.1361D
0.1361D
0.1373D
0.1313n
0.13730
0.13730
0.1373D
0.1373D
0.1373D
0.1373D
0.13730
0.1373D
0.1384D
0.13840
0.1384D
0.1384D
0.13840
0.1384D
0.1384D
0.1384D
0.1384D
0.1384D
0.1394D
0.13940
0.1394D
0.13940
0.1364D
0.1354D
0.1394D
0.1394D
0.1394D
0.1394D
0.1403D
0.14030
0.14070
0.14C3D
0.1403D
0.1403D
0.1403D
0.1403D
0.14030
0.14C30
0.14120
0.1412D
0.1412D
0.1412D
0.1412D
0.1412D
0.1412D
0.14120
0.1412D
0.1412D

C.5€84C
C.£7340
C.4868D
C.45360
C.5C24D
C.5134C

«£265D
C.5422D
C.5553D
C.56570D
C.5734D
C.51840
C.491%D
C.4G83D
€C.5C710
C.5181D
C.%311D
C.54690
C.560CD
(.57040
€.57810

«SE£31D
Ca4956D
C.5C2¢D
C.51150
C.85224D
C.5255D
C.5513D
C.5644D
C.5741D
C.5824D
C.SE74D
C.459SD
C.5C670
€.5155D
€.52650
C.52950D
C.5553D
C.5684D
(.578¢0
C.58650
C.5515D
Ce5C36D
C.5104D
€.5192D
€C.5202D
C.5433D
C.5€9CD
C.57210D
C.58250
(.59020
C.5652D
C.5C7CD
€.51380
C.522¢D
C.533¢D
C.5466D
C.5£24D
C.5755D
C.5856D
CaS63¢€D

€.5686D°



INPUT TARLF 6,..

ELEMFNT DATA

GLCRAL INCICES CF ELEMENT NUDES

FL FMENT

OPNDIPNH N =~

2
11
12
13
14
15
16
17
18
19

3
12
13
14

WL WN
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MATERIAL

b Pt et b g b Bt P e B B et e B ps M P Bt Pt e pd et pet gt bt e P et e bk bt et s Pt bt et bt b bt et gt et b P Pt et et e (o P g e bt Bt B bt g b Pt P Bt ek P e e e et B g B bt e

NCOE DIFF
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
i1



156

152
153
154
165
156
157
158
159
161
162
163
164
165
166
167
168
169
171

172
173

119
121
122
123
124
125
126
127
128
129
131
132
133
134
135
136
137
138
139
141
142
143
144
145
146
147
14R
149
151
152
153
154
155%
156
157
158
159
lol
162
163
le4
165
166
167
168
169
171

173
174
175
176
177
178
179
181
182
183

114
115
116

13¢C
132

125
126
127
128
129
130
132
133
134
135
1306
117
138
139
140
142
143
144
145
l46
147
l4o
149
150
152
153
154
155
1%6
157
158
159
160
162
Lo3
164
165
loo
1617
168
Lo69
170
172
173
174

88
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157
158
159
160
161

184
185
186
187
188
189
161
162
183
154
195
156
197
198
199
201
202
203
204
205
206
207
208
209
211
212
213
214
215
216
217
218
219
221
222
223
224
225
226
2217
228

231
232
233
234
235
236
237

239
241
242
243
244
245
246
247
248
249
251
252
253
254
255
256
257
258
259
261
262
263
264
265
266
267
268
269
271

185

25C
252
253
254
25¢%
25¢
251

212

175
170
177
178

245
2406
247
248

250
252
253
294
255
256
257
258
259
260
262

89
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2136
237
238
239
240
241
242
243
244
245
746
247
248
249
250
251
252
253
254
755
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
211
212
2713
274
2715
276
217
278
279
280

282
283
284
285
286
287
’88

290
291
292
293
294
295
296

298
299
300
301
302
303

305
306
3017
308
309
310
in
312
313
314
315

26?2

349

272

359

213

342
343
344
345
346
347
348
345
35C
352
353
354
355
356
257
38¢E
356
360

263
264
265
266
267
268
269
210
2172
2173
274
275
276
2117
2178
21y
280
282
243
2 84
285
286
281
2 &8
2389

292
293
294
295
296
297
248
299
360
302
303
3 04
305
3ue
307
308
309
3l0
312
313
314
315
316
317
318
319
320
322
325
324
325
326

328
329
330
332
333
134
335
330
337
338
339
340
342
343
344
345
346
347
348
349
350

90

P s et P P e b et e bt s bt b pe s bt b o s e b bt Pem Pt et Pt bl gt (et et et et et e et e s et et et g bt et e e et bt et R et et et Bt et e s bt et e gt et i et et bt b et B Pt et s bt et et pme et P



316

351
352
353
354
355
356
357
358

359

36l
362
363
364
365
366
367
368
369
371
372

362

3¢S

317¢
372
373
374
31¢
317¢
i

42¢%
42¢
4217
428
428
43C
432
433
434
43¢
43¢

43¢
435
44C
442
443

352

91
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505
506
507
508
509
511
512
513
514
515
516
517
518
519
521

443

445
446
441
448
449
451
452
453
454
455
456

458
459
461
462

464
465
466
467
468
469
471
472
4713
474
415
476
417
478
479
481
482
483
484
485
486
487
488
489
491
492
493
494
495
496
457
498
499
501
502
5C3
504
505
506

508
509
511
512
513
514
51%
Sle
517
518
519
521
522
5213
524
525
526
527
5?78
529
531

434

436
437
438
439
440
%427
443
444
+45
4406
447
448
449
450
452
453
454
455
456
457
454
459
4«60
462
463
464
465
406

92

P g e b e P e p b P i e e b Pt e bt gl e et o et bt e bt b e s Bt Bt bt et bt e Bt bt e et b B B bt gt pe e b bt gt et B ot b g b e P e b b B R e b e B bt et g e B R e e e e e



470
471
472
473
474
475
476
4717
478
479
480
481
482
483
486
485
486
487
4R8
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511

512
513
S14
515

516
517
518
519
520

521

522

523
524

525
526
527
528
529
530
531

532
533
534
535
536
537
538
539
540
541
542
5413
544
545
546
547
548
549

609

532

523
524
525
526
527
528
529
530
532
933
534
235
536
537
538
539
540
542
243
544
545
546
547
248
549
550
952
553
Hhae
555
556
557
350

504

579
580
582
283
5 B4
285
PX-1-
587
544
589
590
592
593
594
595
596
297
598
599
600
602
603
604
005
606
607
608
6uU9
ol0

93
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560

552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
576
576
577
578

580
5R1
582
583
584
588
586
587
588
589

591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612

611
612
613
614
615
616
617
618
619
621
622
623
624
625
626

628
629
631
632
633
634
635
636
637
638
639
641
642

644
645
646
647
648
649
651
652
663
654
655
656

658
659
661
662
663
664
665
666
667
668
669
671
672
673

675
676
677
678
679

6332

0l2
613
ola
615
6le6
617
ol8
oly
620
622
623
624
625
026
627
620
029
630
632
633
634
635
636
637
638
639
bay
642
643
044
645
646
o4l
048
649
650
652
a3
654
655
656
657
058
659
66U
062
663
664
665
666
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INPUT TARLE

NUMBER
NUMBF R
NUMBER
NUMRF R
NUMBER
NUMBFR

T..

95

STEACY-STATE E.C.

BOUNCARY CONDITIONS o o
SURFACF TFRMS & o o o = »
RAINFALL PROFILES o o &
RAINFALL PARAMETERS . . .
RAINFALL-SFEPACE ELEMENTS
RAINFALL-SFEPACE NOCES. .

INPUT TARLF 11..

PRCFIILF 1

TIME
0.0
1.0000rC 00

RAINFALL DATS

RATE
1.00000 Cé¢
1.00000 Cé¢

PARAMETENRS

-~~~

WNN~OO



)

RAINFALL CISTRIARUTIUN ANDL PUNDING
DEPTH

TYPE

INPUT TARLF 1l..
NCONE

e+ NoNoRoNolsNeNoleoBaoleNoloNoNeojojooBoloRoRojoojopsRéNeRoRoNoRsRoloBoRSNeRoloRofoleRololsloRojeNolojoodololeRoNeoNoRolie e NolloRoNo)
I R T T T e S e R I T R R T R R R e O e e I I N e e e I A
CCOCCOOOTCO00UDNDO0COOCOO0OQLOCO00CCODO0O0O0CO0OCCCOCOCcCOoO0O0O00OOOCODOoOCCCOoOCCcoOCcCcocCcca

R I I N el Ee e e e e e i B I R R R R I R T I I I T R R R I I R R R I R I IR I ]

O OCcOCCCCCCOCCOOCOCCOOQCOO0CCcOoOCCCOQoCooCcCcCcoCcogoceCcgeCccCcgcCcoceoceccecocecgeococcoccoc
AT PN TR CPC=A IO~ AT PN ~AFTIELONDPC NIV OSSN CT NPT I~ CC—N
e o ot kot ot N ONANNANANANNSM e EACME TIPS e LN OO0

630
640
650
660
670
680
690
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INFUT TARLF 13.. RAINFALL-SFFFAGE SULKkEACE IINFURMATICA

FLFMENT  NODF 1 NOLCF 2

6 6 7

7 7 8

8 8 9

9 9 10

9 10 20
18 20 30
27 10 40
36 40 50
45 50 60
54 60 70
63 70 80
72 80 90
/1 90 100
S0 100 110
99 110 120
108 120 130
17 130 140
126 149 150
135 150 160
144 160 170
153 170 1 80
162 180 150
171 190 200
180 200 210
189 210 220
198 220 230
207 230 240
716 240 750
225 250 260
214 260 270
243 270 280
262 280 290
261 290 300
270 300 310
279 310 320
288 320 130
297 330 140
306 340 3150
315 350 360
324 360 370
333 370 380
347 340 3190
351 390 400
360 400 410
369 410 420
3178 420 430
387 430 440
396 440 450
405 450 460
414 460 470
423 410 480
437 480 499
441 490 500
450 500 510
459 510 520
468 520 530
ar17 530 540
486 540 550
495 550 560
504 560 570
513 570 580
522 580 590
531 590 600
540 600 610
549 610 620
558 620 630
567 630 640
576 640 650
585 650 660
594 660 670
603 670 680

612 680 690



FRERREE AR ERAEEI R R RN F AR KRR AR AR K XL E R R R REF PR RR AR R IR PR R KRR MR E R B R R R AR R R AR R R PR R AR E N BTk A KR KR ROk kb ko

DIAGNOSTIC TAPLF

lea AT TIMF

TABLE CF ITERATIVF PARAMETERS

TTFRATI

TABLE OF SYSTEM—-FLCW PARAMETEFRS

TYPE CF FLOW
CONSTANT-PRFSSURE-NNCE FLOW

ON
1

2

RESTCUAL
€.85130 C2
C.0

CONSTARNT-FLUX~-NNDE FLCW

SFFPAGF
RAINFAL

L.

s & e o a

NIMERICAL LOSSESe o « ©

NFT FLO

INCREASE IN VOLUMETR

We

o o e

RAINFALL-SFEPAGE NOTAL FLChwS

D.1156D
0.20600
C.95090
N09465D
0.1558nN
-0.19060
—0.1396D
-0.5418D
-046353D
~-0.12G98E0

C.6850D0 03
0.25920 C3
C.7929D C3
C.62C90 C2
C.79130 00
G.54780-C1
~-0.2495C C1
~C.7888DL €2
-C.7930D0 C3

IC wWATER

C.0

DEVIATION
—C«10000 01
C.0

CONTENTS ©

0.59770 03
0.52120 03
C.64700 03
C.39810 02
C.3b03D 0O
Cel6770~01
~Cae42330 01
-C.l1l24U 03
=C.906980 U3

«(DELTY = 3.,3000C-03)

NCa NCAN-CCAV.

RATE
0.0
0.0
0.1526D 05
-0.15570 €5
-0.48660C C3
~0.79¢62D 03
v.0

0.36590 03
C.G8750 03
C.51110 03
0.2461D 02
C.4046D 00
C.67440-01
-0.6655D 01
-0.1571D 03
-0.11620 04

NCDES
617
0

INC. FLOW

-0.3357D
0.2034C
0.39030
0.15290
0.2587D

-0.27820D

-0.1023C

-0.2155D

-0.1367C

03
04
03
02
00
00
02
03
04

~0.76540D
O« 18890
0.28710
0.88830D
C.17240
-0.32780
~-0.15780
-0.29040
—-0.15830D

AL FLOW

739C 05

03
04
03
o1
0o¢
00
Q2
03
Q4

-0.57650 03
N.1423C C4
0.204CD C3
0.527¢0 C1

~0.67610-C1

-0.40470 CC

-0.241750 C2

-0.384¢D C3

-0.181¢C C4

—C.25850
C.11380
C.14070
C.31530

~-C.14580

~-C.83290

-C0.36160

-C.49S1C

-C.21100

86



INPUT TABIE

NUMBFR
NUMBER
NUMRFR
NUMAER
NUMRBER
NUMBE R

99

10ae TRANSIFENT RoCa

OF BOUNCARY CCANDITIONS
OF SURFACE TFRMS
OF RAINFALL PROFILES

OF RAINFALL PARAMETERS
0OFf RATANFALL-SEEPACE ELEMENTS

OF RAINFALL-SEEPACE NOCES.

INPUT TABLF )l

FRCFILE 1

TIMF
0.0
1.0000n 50

RAINFALL CATA

RATE

PARAMETEKS

~~

wNN-O0O O



DEPTH

100
RAINFALL CISTRERUTIUN ANL PUNDING

TYPE

INPUT TARLF 12..
NODE

OOV LCOLOOO0DOUOOOOCLODOLLLODODVWLODOOVLOUODOCVITOCUUODOOCLOOCOCOODODO OO0 LOQOOOLWLO
“ o o v 0 « e e

.
[«NoNeoNaRoNaNoNole Rl ol el

0.0
0.C

« 00
CCOoCCOoO0ONCCOODO0O00CCO0OCOo0CCO2000CO0CCOO0OCQCCOoOCRCOo0OOCO0Q0OCCCOoOC

U O v S R R I I e e e e e T T e e e R el e R R e R I R e N el i ]

O~ O CCCCCCOCCO0OCCCCONQO00COCSCoO0cCogcgcceccCOoOCcggegocecCecCcCcccocoCccccecceecCeCcecoCco20C
F AR IR LR ROC~ AR INLNLCC =N FRIRNLCRDOC~AATRIEOrDRCTCANCLIRNONCFC AN I I~ ~ANMIFO LT
vl ot et NN ANNAAAANNRAFRECEEANEMM A IIIIITISIIIN LSO NS POV LLLDOVDLLLC L
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INPUT TABLF 13.. RAINFALL-SEEFAGE SUKFACE INFUKMATICA

FLFMENT  NOLF 1 NOLCF 2

6 6 7

7 7 8

8 8 9

9 9 10

9 10 20
18 20 30
27 30 40
36 40 50
45 50 60
54 60 70
63 70 80
72 80 S0
a1l S0 100
90 100 110
99 110 120
108 120 130
117 130 140
1726 140 150
135 150 160
144 160 170
153 170 180
162 180 190
171 190 200
140 200 210
189 210 220
198 220 230
207 230 240
216 240 250
225 250 260
2134 260 270
243 270 280
252 280 2350
261 290 300
270 300 310
279 310 320
288 320 330
297 330 340
306 340 350
315 350 360
324 360 370
333 370 380
342 380 390
351 3350 400
360 400 410
369 410 420
378 420 430
187 430 440
396 440 450
405 450 460
414 460 470
423 470 480
432 480 490
441 490 500
450 500 510
459 510 520
468 520 530
477 530 540
486 540 550
495 550 560
504 560 570
513 570 580
52?2 580 590
531 560 600
540 600 610
549 610 620
558 620 630
567 630 640
576 640 650
585 650 660
594 660 670
603 670 680

61?2 680 690



P I I T T I T I I s s e e e S A T e R AT A A S A R ST R A T TL RS LA it a Tl Aat il Lad by

NIAGNOSTIC TARLF 2ee AT TIME =

TABLF OF TITERATIVE PARAMETERS

ITERATION RESIDLAL
1 C.1350C-12
2 C.2487C~-112
3 C.2839D C2
4 C.13140 C?
5 C.8198D 01
[ c.5088N0 C1l
7 c.3221C 01
8 C.2038D Q1
9 0.12920 Q1

10 C.80110 CO
11 Ca4979D CC
12 0.3G93C CC
13 0.1913n CC
14 C.11860 CO
15 Ca73360-C1
16 C.4544D~-C1
17 C.28130-C1
18 0.17420-C1
19 C.10780-C1
20 C.6676D-C2
21 C.8048C C1
22 C.1314C C2
23 C.81980 0Ol
24 c.50880 C1
25 C.32210 C1
26 C.2038C (1
27 C.12920 01
28 0.8011N0 0OC
29 C.49790 CC
30 €.30930 CC
31 C.1913n CC
32 c.11860 €O
33 Ce7336D-C1
34 C.45440-01
35 C.28130-C1
3¢ C.l7420-01
37 €.1078C-C1
38 0.66760-C2

TABLE OF SYSTFM-FLOW PARAMFTERS

TYPE OF FLNW
CONSTANT~PRFS SURE-NODFE FLCh
CONSTANT-FLUX-NMDF+ FLOW .
SFEPAGE o o o o o o o o o
RAINFALL o o o o ¢ o o o o «
NUMERTICAL INSSFSe o o o @
NET FILOWa o o o o = @
INCRFASF IN VOLWFYRIC

WATER

2.36000-

DEVIATY
Ce39750~-
C.93570~-
C.18970
C.90700L
Caltd70
C.T9350L
C.19080
C. 19110
C. 95060
C.78360
Ce26940)
C.2234D
Cell5ub
C. 80530~
Ca4611D-
Ce2994D~
Cal7990~
Coll35D-
C.694060-
C.43310-
C.6434D
C.5070D
Calld7D
Ce 15330
C.1908D
Col911D)
C.59660D
Cs7836D
C.2694D
C.22880
C. 11500
C.80530~-
Ce4611D-
Ca29941)-
C.l1799D~
Col11350-
C.b%400-
Ce43310-

.
T )
.

[

CCNTENT,

03

ON
l4
15
02
4]
Q2
ol
02
ol
9o
[el¢]
ao
a0
00
ol
3]}
ol
o1
Ul
02
02
0ol
ol
u2
ol
Q2
0l
Qo
00
Q0
00
g0
ol
ul
ol
ol
o1
Q2
02

+LLUELT =

L3

3.30000-03)

NCN~CCAV. NCDES

RATE

0.0

Je0

3.1364D
~0.1554D
-0.65CC0

0.1173D
-0.11210

0

0
3717
234
218
206
195
183
171
157
l44
127
113
94
T4
49
23
12
2

0
329
234
218
206
195

INC. FLCW

0.0

C.0

0.4599C
-0.5129C
-0.2145C

0.3871C
-0.37000D

02
01
0ol
G2
02

TCYAL FLOW

0.0

C.0

0.4599D
~0.5129D
0421450

0.3871¢C

0.6735D

01



RAINFAIL -SFFPAGE NCCAL FLCWS

0.9634D 03 C.4902D 03 C.26650 03 0.11310 03 -0.88940 00 ~0.764705 02 -0.23¢90 02 C.2542D0 C2
0.3735D0 02 C.89470 €2 C.42310 03 C.S3G65N 03 0.2003D 04 C. 18710 04 0.14120 04 C.ll131C 04
094690 03 C.7903D (C3 C.64520 03 C.51C00 03 0.389€0 03 C.2867D 03 0.20370 C3 Cel4C5D C3
0.9454D 02 C.62C3D C2 C.39780 04 C.246CD 02 0.15280 02 0.88780 01 0.5272C C1 C.3152D0 01
0.15570 01 €.79000 CC Ce37750 0O 0.35730 CC 0.23370 00 0.1092C 00 0.3932D-02 -C.10130-C1
-0.1309C-01 -0.8943D-02 ~-C.ll240u—-Ul -0.19420-01 ~0.43030-01 ~-0.74610-01 ~0.103¢D0 CC -C.16550 CC
-0.726310 00 -0.4038C 0C -0.6193D 00 ~0.5164D 00 -0.13260 01 -0.18950 01 -0.272%0 01 -C.38380 Cl1
-0.53120 01 -0.7335C C1 =C.99940 01 -0.13470 C? -0.17990 02 -0.23810 02 -0.3132C C2 -C.4080D0 Cc2
~-0.52520 02 -0.66700 C2 -C.84080 02 -C.1C81D0 03 -0.1408C 03 -0.17830 03 ~0.2156D0 C3 =C.2500D0 03

-0.1948L 03

EARR A E AR RS K KRR C AR R KGR TR XA KRR B R R KA KRR AR ARk AR kN A AR KRR KRR TR F SRR kWK AN Rk Rk AR AR kKRR R R kA K

DIAGNOSTIC TAPRLE J.e AT TIME =  £.765U0-05 S{(UELT = 3.465CD-03)

TARLE NOF ITERATIVE PARAMETERS

€01

ITERATION RESTOUAL DEVIATION N o NCM=-CCANV. NCDES
1 C.l1113C C2 C.1526D 02 400
2 C.4992D C1 C.l6130 V2 228
3 C.18110 01 C.68220 01 195
4 €.7094D QC C.43400 00 166
€ C.2645D CC C.27940 U0 135
6 C.9958Nn-C1 C.81330~01 100
7 C.36%50D-C1 C.3250D-01 50
8 C.13400-01 C.1l61D-01 8
9 C.49260-C2 C.43200-02 o}
10 0.36S7D G1 Ce3730D0 01 224
11 C.49920 01 C.lol30 Q2 228
12 c.18110 C1 C.68220 01 195
13 C.7C94C 0C C.4340600 00 166
14 C.2645C CC C.2794 00 135
15 C.949580-C1 C.E133D-01 100
16 C.36500-C1 Ce32500~-01 50
17 C.1340D-C1 C.ll61D-01 8
18 C.4926D0-C2 C.435200-02 (¢}
TABLE NF SYSTEM—FLOW PARANMETEFRS
TYPE OF FLNW RATE INC. FLCW TCTAL FLOW
CONSTANT-PRFSSURE-NOCE FLCW o ¢ o« =« =« « 0.0 0.0 0.0
COASTANT-FLUX=NODE FIOW o o« o o « « o o 0.0 0.0 0.0
SFEPAGE o o o =« o o o o s o o« o« o = » « Wal384D 05 0.4812C 02 0.9410D0 02
RAINFALL S o o o o o o ¢ o o « s o o« « » —0.12250 C4 -0.4814C Ol —-0.9944D 01
NUMFRICAL LNSSESe o o o o o o o o o o o —0.5261D C3 -C.2038C 01 -0.4183D 01
NFT FICWe o« o o a o o o 2 « o« o« =« « o« « 0.12CSD 05 0.4126C 02 0.79980 02
INCREASE IN VOIUMETRIC WATFR CONTENT. « -U.11%53D 05 -0.3996C Q2 0.67310 05



RAINFALL-SFEPAGF NCCAL FLChS

095430
0.357T7N
094450
Ca34400
0.1553D

-0a27760-

-~0.64050
-0.70920
-Ca4707D
-C. 11080

03
02
03
02
01
01
a0
01
G2
03

C.48280 03
C.74170 C2
C.78850 C32
0.61940 C2
C.78360 CC
-Ca3628f-Cl
-C.30620 CC
-C.91310 C1
—0.62620 C2

Ca25730 03
Caulunn U3
Ce.643%0 ul
Cas39720 w2
C. 36400 U0
~Ca54020-01
-0e1274u 01
-Call65D U2
~-C.8U850 02

0.1CS8D
0.5269N
0.50600
0.2456D
0.35870

~0.84600~

-0.1751D
-0.141770
-0+69520

03
03
Cc3
ce
CC
01
63}
Cé
c?2

-0.1222C-01
0.1994D 04
0.368S0 03
0.152¢0 02
0.12840 0C

-0.1369C 0OC

-0.2365C 01

-0.l862C 02

-0.1182D0 03

—-0.7344D 02
0.18650 04
C.2862C 03
0.88680 01
Ce4921D-02

-0.21220 00

-0.31510 01

-0.23340 02

-0.1353D 03

-0.2164C G2
N0.14CED Cé4
0.20340 C3
0.52¢¢D 01

~0.655CD~-C2

~0.301¢C CC
~0.4157D Cl1

-0.26CE5C C2

-0.1462D0 03

C.26160 C2
C.1128n C4
C.14C3C C3
C.31480 Cl
-C.l6620-01
—-C.44€10 CO
-€.54930 Cl
-C.36280 C2
-C.15480 €3

e Ty O e e T T s AL T

NIAGNCSTIC TAPRLE

TABLF OF ITERATIVF

ITFRAT]

TARLF OF SYSTFM—FLCOW PARAMETERS

TYPF CF FLOW
CONSTANT-PRESSLRE-NNCE FLCW

CN

4ae AT TIME

PARAMETERS

RESICUAL
€.66390 C1
C.21730 C1
C.54510 CC
Ceal416D CC
C.3579C-C1
C.9134D-C2
0.17430 C1
C.?21730 CI
C.5451D CC
C.l4l6n CC
€.35790~-C1
C.51340-C72

CORSTANT-FLUX-NODF FLCW

SFEPAGE
RATNF AL

NUMFRICAL LOSS

NFT FLC
INCRFAS

t.

Wa
£

IN VOLUM

o« * o

e & o = e

RAINFAIL-SFEFPAGF NCFAL FLCWS

0.9533D
0.35480D
0.94360
09429
0.15390
—0e69160~-
-0.1226ND
-C.95170
-0.5647D
-0.73090

n3
02
03
02
01
01
01
01
02
02

C.4821D C3
0.72230 C2
c.78780 €2
C.6187TD C2
C.75510 CC
~C.98700-01
-C.l651C C1
-0.1181C C2
-{.6945L C2

FSe o o o

TRIC WATER

laU40306-02

OevIATION
C.99330 01
Ca31450 01
Ca4985D Cl
C.dU34U 00
C.625%00-01
Cel4o4D-01
Co34520 U1
C.3145D 01
C.4985D ol
Calusda 00
C.62560-01
Col4b4ab-01

e e @ o o o
2 e o o a
o o e e o
e o o & = o
2 & o & o =

CONTENT . &

Ce25660L U3
Ca4uBol 03
Ca6433L U3
Ce3%9071) V¢
Ce2911D vO
=-C.b46l0 Ul
-C.22u50 Ul
-Ca.14550 02
~Ce.82900 02

SJADELY = 3,63820-03)

NCe NCA=CCNve NCDES

RATE

u.0

0.0
0.13€2C C5
-0.11270 Q4
-Ue4177D C3
VU.122¢D 05
-0.11850 C5

0.1095D
C.52810
C.2C860
0.2453D
C. 16600
~0e2156D
-0.2896C
-C.1780D
-C.56C1D

03

03
c2
ocC
co

o924
C2

342
229
178
133
72
0
226
229
178
133
72
0

INC. FLCwW
0.0

0.0
0.50310C 02
-0.4297C 01
-C.1717C 01
0.4429C C2
-0.43270 02

~0.46610-03
C.19920 04
0.3886D 03
0.1524C 02
0.9733C-02
-0.3206D 00
=0.3747D 01
-0.2160C 02
-0.1078D 03

TCTAL FLOW
0.0

C.0
O.1l444D 02
~0 +14240 02
~0.58990 01
0.12430 03
C.6727D 05

-0.73310 02
C. 18630 04
G.2859N0 03
C.88550 Ol

—-0.12150-01

-0.46510 00

~G.47860 01

~C.26310 02

-0.1160D 03

-0.21¢4D 02
U.14C70 C4
0.20320 C3
0.52540 Cl1

~-0.23410-Cl

~0.6426C CC

-0.609¢D C1

-0.335CL C2

~0.1173C C3

Ce25CY9D 02
C.1127D Ca
C.14C2D C3
C.3139D0 C1
—C.43760-Cl1
-C.8G73D CO
-C.76€600 C1
-C.44050 02
-C.11110 03

¥01
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NIAGNOSTIC TAPLF 5. AT TIME =

TARBI F CF TTFRATIVF PARAMFTERS

ITTERATION RESICUAL
C.4840D C1
C.11440 C1
C.21890 CC
0.41270-Cl
C.78040D-C2
C.96260 CC
C.11440 C1
€.2189n c¢C
C.4127D-C1
0.7804D-C2
C.96260 GO
C.ll44D C1
€.21890 CC
C.4127D-C1
0.7804D-02

— e e e et
VW= O 00Xt~

TARL £ OF SYSTEM-FLOwW PARAMETERS

TYPE CF FLCw
CONSTANT~-PRES SURE-NOCE FLCw
CONSTANT-FLUX=NODE FLCw . .
SFEPAGF o o« o o o = o o o =
RAINFALL. o o o ¢ ¢ o o o »
NUMFRICAL LOSSFSe o o « o« &
NET FLOWe o« o o o o o« »
INCRFASF IN VOLUMFTR I

RAINFALY-SFEPAGF NCTAL FLCWS

0.95320 03 0.4820D0 C3
0.35430 02 C.71910 C2
0494340 03 C.78760 C2
0.9423D 02 0.6183D C2
0.1482D 01 Cs61500 C€C
~0.1467D 00 -C.2082D0 CC
-.19240 01 ~C.2497D C1
-0.115R0 02 ~C.1401C C2
-0.60570 02 -C.7091lC €2

-0.48560 07

WATER

1.42230~02 +(OELT =

DeEVIATION
Calé90i) Q2
C.20380 01
Co87906D QU
C.E7960D-01
C.lb070-ul
C.2339D 01
C.206348D 01
C.8796D 0OV
Ce87900-01
C.18070-01
C.2339D 01
C.20380 01
C.8796L0 Q0
C.87900~01
C.18070-0ul

CONTENT. .

C.25650 03
C.40820 03
C.6431Uu 03
C.3964D 02
0.37190-01
=C.2975 0O
~C.32130 ol
-C.l6800 02
-C.81300 V2

3.8202€-03)

M(. NCM-CCAV. NCDES

RATE
0.0
0.0
V.13810 C5
~V.1064D 04

« —0.341C0 03

0.1241D 05
-0.1221C C5

0.1G95D0 03
0.9277D0 034
C.5C84D C3
0.24510 C2
-0.%2790~-02
~0.42060 CO
-0.4074D C1
-0.1953C 02
-C.8987C 02

335
234
170
104

0
232
234
170
104

0
232
234
170
104

0

INC. FLCW
0.0
0.0
0.5278C Q2
~0.4204C O1L
-0.1449C 01
0.4712C 02
-0.4665C 02

0.23230-03
019920 04
0.38840 03
0.15230 02
-0.1601C-01
~0.59270 00
-0.51020 01
~0.24140 02
-0.9503D 02

TCTAL FLOW
0.0

0.0
0.19720 02
-0.1844D 02
~0.73480 01
0.1714D 03
0.67220 05

-G.73290 02
0.18630 04
0.2858D 03
0.88420 01

-0.35600-01

-0.81910 00

~0.63210 01

-C.3156D 02

-0.95880 02

—0.21€40 02
0.1407D0 C4
0.20310 ¢c3
0.52410 C1

~0.6034D-0C1

-0.108¢C C1

-0.78CSD C1

-0.40¢s0 02

-0.91CEeC C2

C.26C80 02
C.1127D C4
€.14C10 C3
C-31120 01
~C.37450D-C1
-C.14640 Cl
—C.95410 O1
~C.50470 C2
-C.7959ND C2

SoT1
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NIAGNOSTIC TAPLF 6ee AT TIME =

TABLF OF ITERATIVE PARAMFTERS

RESICUAL
C.3924D C1
C.68430 0C
C.9529C-C1
C.14470-01
€.2074D-C2

ITFRATION

[0 SRV RS ]

TABLF OF SYSTFM~-FLCW PARAMETERS

TYPE OF FLOW
CCNSTANT-PRFSSURE~NOCE FLCw
CONSTANT-FLUX-NODE FLCw . o
SFFPAGE o o o o o o o o o
RAINFALL o o o o o o o o o« o
NUMERTICAL 10SSESe o o o o o
NFT FITWe « o o o o o

1.82350-02

CEVIATION
Cel346D0 02
Cell6lnd 02
C.litlbu 00
C.3096D-01
C.4l970-02

s e o
INCREASFE IN VOLUMETRIC WATER CCNTENT. .

RATNFALL—SFFPAGF NOCAL FLCWS

0.95%32D 03 0.48200 C3
0.35420 02 C.718480 C2
N.94330 03 C.7875D C2
0.9421D 02 0.6181D 02
0.12600 01! C.91640-01
-0.7666N0 00 -0.36890 (CC
-0.26610 01 ~Ca33510 C1
-0.13180 02 ~C.15580 C2
~0.61350 02 -C.69760 02

-0.3412C 02

Ce25640 03
C.4081l0 03
C.64310 03
C.3%63D 02
~C.l738b~-01
-C.50870 U0
-C.41a06D 0l
-Cal&430 02
=Ca77035u 02

CADELT =

4.0112C-03)

Ao NCM-CCAV. NCDES

RATE
0.C
0.0
0.13€10 05

~-V.9974D C3
-0.26540 G3

0.12550 C5
-0.124CC 05

0.1C940 03
Ca%277D 03
0.50830 03
0.24500 CZ
-0.2533C-01
~0.6927D0 0G
-C.5168D0 01
-Ca.22790 G2
-0.81C20 Q2

351
238
161
37
¢}

INC., FLCOW
0.0
0.0
0.5540C 02

-0.4134C ©1
-0.1216C 01

0.5005€C 02
-0.49750 02

0.32830-03
0.19920 04
0.38840 03
0.1521D0 02
-0.4865C-01
-0.9366C 00
~-0.63110 01
-0.29270 02
-0.8203C 02

TOTAL FLOW
0.0
0.0
0.25260 02

-0.22580 0z
~0.85650 01
0.22140 03
0.67170 05

-0.7329D0 02
Ca18630 04
0.28580 03
0.8817C 01

-0.7939C-01

-0.1246C 01

—C.7636C 01

-0.3€6840 C2

-0.78110 02

-0+21640
O.l4CED
0.203CD
0.51370

~0.1221D

-0.161¢D

-0.623:¢C

—0.4478&D

-0.697EC

02
Ca
G2
01
cc
Ccl
Ci
02
c2

C.2608D
C.11270
CalaClD
C.3023D
-({.18500
-0.2089¢C
-C.11080
-C.53C4D
-Ce57520

02
Ca
c3
G1
Cco
Ccl

cz
c2

901
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DIAGNNSTIC TARLF Tee AT TIME = 2.24460D-02 +{UELT = 4.21170-03)

TABLE CF ITERATIVE PARAMFTERS

ITERATION RESICUAL DEVIATION NCs NCAN-CCNVe NCDES
1 €C.34C6D C1 (.20220 02 367
2 C.46680 00 C.13920 01 245
E} C.5334C-C1} Ce.lallD 01 156
4 C.6368D~C2 C.38040 GO 0
5 Cae2C4D CC Ca43500 02 244
€ C.46680 0C C.1392D Q1 245
7 €.53340D-C1 Cealalib 01 156
8 C.63680-C2 Ce3004D 00 0

TARLE DF SYSTEM—FLOW PARAMETERS

TYPE OF FLOW RATE INC. FLCW TOTAL FLOW
CONSTANT—PRESSURF-NUDE FLCw ¢ ¢« o o =« o« 0.0 0.0 0.0
CONSTARNT—FLUX=-NODE FLCW « « « - « « « 0.0 0.0 0.0
SFEPAGE o o o o o o o o s « ¢« « = o« « « 0.1381D 05 0.5816C 02 0.31080 03
RAINF AL e o « 2 o o o « o o o o = o « « —0.93480 C3 -0.4069C 01 -0.2665C 02
NUMERICAL LOSSFSe o o o« o ¢ o o = « « = —~0a.211SC C3 ~0.10050 01 -C.957C0 01
NFT FILCWe o « o o « o o o « o« v o« o« « « 0.126€6D 05 0.5309C 02 0.27450 012
INCREASF IN VOLUMETRIC WATER CCNTENT. o« —0.12%%D C5 ~0.5286C C2 0.6712D 0¢
RAINFALl -SFEPAGF NOCAL FLCWS
N0.95310 03 C.48200 03 0.25640 03 0. 1094D 03 0.344€6C-03 -0.7329D 02 -0.21640 02 C.2607D C2
0.3542N0 02 0.7183N (2 C.40810 03 €C.5216D 03 0.19920 04 0.1863C 04 0.14C€C C4 C.11270 Ca4
0.9433D 03 C.7875D (3 (.64310 03 ¢.5C830 03 0.38840 03 C.2857D0 03 0.203CD €3 C.14000 C3
094200 02 0.6179D0 Q2 C.3961D 02 0.24480 02 0.15170 02 0.87520 01 0.50€6¢€¢0 G1 C.27050 01
0.52410 0C -0.16230-C3 —-C.3206U-01 -0.61€620-01 =-0.97270-01 -0.1478D 00 -0.2156D CC -C.3C4890 CC
-0.42860 00 -0.57660 00 -C16990 WU -0.1015C 0Ol -0.1328C 01 —-0.17130 01 -0.21€65D 01 -C.27220 Gl
-0.33800 01 -C.4157D0 C1 -0.5075D 01 ~0.6132D0 01 -0.7348C 01 -0.8756D 01 -0.1C42D 02 -C.12280 C2
-Nal4310 02 -C.l686C C2 -(.2107%0 02 -0.2670D 02 -0.33070 02 -0.39640 02 -~0.4655D 02 ~-C.53540 C2
-0.60490 02 -0.6668C 02 ~C.704000 02 -C.71850 c2 -0.68750 02 ~0.62390 02 -0.528¢D 02 -(.41430 C2

-0e2419C 07

L0T



R R L L e O I A e R R L

NIAGNOSTIC TAPLE

faa AT TIM

TARLF OF TTERATIVF PARAMETERS

ITFRATI

N

DN S W N -

RFESTELAL
€C.3090C C1
C.35440 C(C
€.35090-C1
C.3659N-C2
C.32360 0C
0.3544L CC
€C.35C9D-C1
€C.36590-C2

3

TARLE NF SYSTFM—FLCW PARAMETERS

TYPE OF FLOW

CONSTANT~PRESSURE-NODE FLCW
CONSTANT-FLUX-NODF FLChw

SFFEPAGE
RATNF AL
NUMERTC
NET FLC
INCREAS

L.
Al
We
3

LDOSSFS. o o«

e o o s e

IN VOLUMFTRIC W

KAINFALIL-SFEPAGE NOLCAL FLCWS

095310
0.3542D
0.9433D
0.9418N
0.1030D
-0.62730
~0.4054D
-0.1535C
-0.58180
-0.17680

03
02
03
02
oc
oo
01
0?
02
0¢

C.48200 03
0.71830 C2
C.78750 C3
C.61780D C2
—0.43410-C1
-C.82180 0C
-0.4889C Cl
~0.1924C C2
-0.61730 C?

2

-
-
-

TER

2.0b66G1)-02

DEVIATION
C.3738D 03
C.19460L 01
C.55406l) Q0
C.3563D-01
C.33810 0l
C.l9400 01
C.55400D 0O
C.35630-01

- o .

CONTENT. o

0.25040 03
Ce40810 03
Ce04310 U3
Ce 39591 U2
-C.064430-0Ul
-C.l067D 01
-C.5659u 0l
-C.2418D 02
-C.63580 02

«(OELT = 4.4223C-03)

M. NCA-CCNV. NCDES

RATE

G0

Va0
0.1381D 05
~0.87640C 03
-0.17CC0C 03
0.127€D 05
-0.12¢€¢€C CS

0.1094D
C.62176D
C.5C830
0424430
-0.11270
-0.131700
-0.65700
-042%590
—-0.€1440

380
253
151

0
250
253
151

[¢]

INC. FL
0.0

0.0
C.6106C
-0.4005C
—0.8445C
0.5622C
~0.5607C

0434750
0.1992C
0.38840
0.15090
~0.16770
~0.17440
-0.8248C
-0.35150
-0.564170

Cw

02
ol
00
02
02

-03

04
03
02
00
o1
01
02
02

TOTAL F
0.0

0.0
0.37130
-0.30650
-C.1041D
C.33080
C.6706D

~0.73290
C.18630
0.28570
C.85780
-Ca24240
~Ce2194D
—-0.5702D
—0.4094D
-0.48680

LOw

-0.2L64D
G.14CeC
0.2C3CC
0.46610D

~0.33520

-0.27CsD

-C.11350

-0.46E5C

~-0.39420

g2
C4
Cc3
01

Ccl
c2
c2
c2

C.26070
C.11270
C.14C0D
Ca17520
-C.4671C
-C3332D
-C.13120
-C.521770
~Ce30680D

801
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DTAGNOSTIC TARLF Gee AT TIME = 3.15120-02 +{DELY = 4.64340-03)

TABLF 0OF ITFRATIVF PARAME TERS

ITFRATION RFSICUAL DeVvIATIUN N(. NCA-CCAV. NODES
1 C.2B71N C1 C.33720 Q2 394
? c.28240 0C C.l24060 01 256
3 €.25400-C1 C.44900 00 146
4 €.23040-C2 (. 69900-01 ¢]
5 €.2593N0 OC C. 78970 Ol 256
6 €C.28240 CC Celc4ou 01 256
7 0.2540C-C1 C.44900 00 146
8 C.23C4D-C2 (a69900-01 o}

TARBLE CF SYSTFM—-FLDOW PARAMETERS

TYPF OF FLOW RATE INC. FLCW TCTAL FLOW
CONSTANT—-PRESSLRE-NONDE FLCW o o « o o« «» 0.0 0.0 . 0.0

COANSTANT=FILUX=AODF FLCW « o o o o o« « « 0.0 0.0 0.0

SFFPAGF 4 2 v 2 o 2 o o o «a o o« o o« « o 0413ECD CS 0.64100 02 04435900 02
RAINFALL e o o o o o o o s = o o « o o « —0.8226C 03 -0.3945C 01 -0.3460D 02
NUMFRICAL LOSSFSe o o o o o o @« « o« « o« —0a12%5D 03 -0.6955C CO -0.1111D 02
NET FLOWe o« o « o o o « « a o o o« o« o o« D.L28ED 05 0.5946L 02 C.3902C 013
INCRFASF IN VOLUMFTRIC WATFR CUNTENT. . -0.1273C G5 -0.5910C 02 C.6700C 05

RATNFALL -SFEPAGF NCCAL FLCWS

0.95310 03 C.48200 03 C.25641) 03 C.1C940 03 0.3481D0-03 -C.73290 02 ~G.21€40 Q2 C.26C70 C2
0.35420 02 0.71830 C2 C.4081L u3 C.52760 03 0.1992C 04 0.1863D 04 C.14CeéD C4 C.1127D C4
0.94330 03 0.78750 C? C.04310 03 C.50830 03 0.3883C 03 C.2857D0 03 N.203C0 C3 C.14C0D0 C3
0.9417D 02 C.6175D C2 Ce39930 02 0.24330 02 0.14890 02 G.81810 01 0.375:0 01 Ca28770 CC
-0444370-01 -€.6050D-01 -Cellnob GO -0.18C1D Q¢ -0.2604D 0O -0.36220 00 -0.490CD 00 -C.65380 CC
-N.85410 00 -C.10930 C1 -C.13d50 VI —-0.17380 01 -0.21640 01 -0.2664D 01 -0.3231D Cl ~(.39020 Cl
~0.4667D 01 ~C.5539C 01 -Ca.65230 Ul -C.7713C C1 -0.9022D0 01 -0410450 02 -0.1201C 02 -€.13990 C2
-0.17460 02 ~(.2180D G2 -C.20480 02 -C.3126C 02 —0.361€D0 02 -0.41150 Q2 -0.4625C C2 -C.512CD0 C2
-0.54520 02 -C0.5662D0 02 -Ce55420 02 -0.5162D Q2 ~0.4521D 02 -0.3737C 02 —-Q0.3CCSC 02 -Ce2304D C2

-0.13120 02

601
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DIAGNOSTIC TABLF 1C.e AT TIME = 3.63d480-02 (DELY = 4,87560-03)

TABLF OF ITFRATIVE PARAMETERS

ITFRATINN RESICUAL DEVIATION NC. NCA-CCANV. NCDFS
1 0.2712D0 01 C.89310 02 406
2 €C.23230 OC C.24040 01 264
3 0.1946D-C1 C.l8670 00 130
4 C.1773n-C2 C.1368D-01 0

TARLE CF SYSTEM—FLCWw PARAMETERS

TYPE OF FLOW RATE INC. FLCW TCTAL FLOW
CONSTANT-PRFSSURE-NODE FLCW « o« « « « « 0.C 0.0 0.0
CONSTANT-FI UX-NODF FLOW o « o o « « o« « 0.0 0.0 0.0
SFFPAGF o o o o o 2 o o o o o« « a « « o« U0.13ECD 05 0.6729C 02 0.5032D0 03
RAINFALL 2 2o o « o o o o s o = = ¢ o« « « —0.77450 03 ~0.3894C 01 -0.384%0 02
NUMERTCAL LOSSFSe o o o o « « o a o« o« « —0.91570 C2 ~C.53900 00 -0.1165D 02
NFT FLOWe o o @ o o o« @ ¢ o o« o o o o « Ua12%3D 05 0.6286C 02 0.4531D 02
INCRFASE IN VOLUMFTRIC WATFR CCNTENT. . —U.1274LC CS -0.6211D 02 0.6654D 05
RATNFALL~SFEPAGF NCCAL FLCwS
0.95310 013 C.4820D C3 0.25640 U3 0.1C94D 03 0.3482D-03 ~0.73290 02 ~0.21¢40 C2 C.2607C 02
0.35420 02 0.7183D (2 C.4081l0 03 C.92760D C3 2.1992D 04 C.18630 04 0.14C€0 Ca C.1127D0 C4
0.943130 03 C.78750 02 C.64310 03 G.5083D 02 0.38830 03 0.28570 03 0.2C3CD Cc2 C.14CCC (3
0.9413D 02 C.61680 02 0.3941l0 02 0.24110 02 0.14470 02 0.72240 01 0.16370 01 C.67280-01
—0.5776D-01 -Cal1460 CO =Ce17510 wO ~-C.26130 COC —0.3739C 00 -0.50440C 00 -0.66320 CC -C.8615D 00
—-0.11000 01 ~-0.1378D0 C1 ~Cal7120 vl -0.21C60 01 -0.25730 01 -0.31130 01 -0.371¢D C1 ~C.4422C C1
-0.52160 01 ~0.61250 01 ~C.71800 01 -C.€3640 01 -0.9643D 01 ~-0.10990D 02 ~0.12740C C2 -(.1584D C2
-0.19620 02 -0.23720 C2 -C.27488D 02 -0.3211C 02 ~0.36320 02 -0.40780 C2 -0.4514D G2 -C.48360 C2
-0.5067D 02 -0.5037D 02 =C.47550 02 ~0.4235D 02 ~0.3562C 02 -0.29260 02 ~0.232Z0 02 ~C.1746D C2

-0.9915N 01

011
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DIAGNQOSTIC TABLF SCee AT TIME = €.54810-01 L(LDELY = 3.4324C-02)

TABLE OF ITERATIVF PARAMETERS

ITFRATICN RESICUAL DEVIATION M. NCA-CCNV. NODES
1 €.28C50 Q1 Ce.32570 02 585
2 C.33C10 CC C.2634D 00 469
3 0.33870-C1 Cel24v0-0Q1 151
4 C.78280-02 Cal9230-02 o]

TARLE €F SYSTFM—FLOW PARAMETERS

TYPE OF FLOW RATE
CONSTANT~-PRESSURE-NOCE FLCw .
CONSTANT-FLUX-NONDE FLOW « « «
SFEPAGE o o o o o o = @
RAINFALL e = o o o o« = »
NUMFRICAL LOSSESe o o
NFT FICWa o o« o o« o =
INCRFASF IN VOLUMETRIC W

« « =« «» 0.0

U.0
- V.11620 CS
- - o o o« —0.17170 03
- e o o Da.22S2C 03
a o o = =« « o 0.116SD 05
ER CONTENT. . -U.106G€C G5

AT

RAINFALY -SFEPAGE NCUAL FLCWS

0.9501D 03 0.47980 (3 C.25400 03 C.1085D
0.3416D 02 C.63660 02 Ge39770 U3 0.S1134D
0.8573D 03 C.66CTD 03 C.43850 03 0.14720
0.72840-01 -C.31320 0C -0.44180 U0 -0.41520
0.5363D 01 0.75210 C1 C.87070 01 C.87870
-0.29650 01 —C.34500 Cl -C.34840 01 -0.33250
-0.39300 01 -C.3886D C1 -C.37620 01 -0.35490
-0.23180 01 -0.,2054C 01 -C.lb830 01 ~-C-16890
-0.9687D 00 -0.86880 CC -Ca77920 QO ~0.6G730

-0.74620 00

INC. FLCW
0.0
0.0
0.40150 03
-0.5943C 01
0.7835C 01
0.4034C 03
~0.3762C 03

0.32100-03
0.19690 04
0.1982C 02
-0.22960 00
0.63410 01
-0.34350 01
-0.33200 01
-0.15130 01
-0.6209D 00

TCTAL F
0.0

0.0
0.83790D
-0.22100
0.1061D
0.82640
0.5955C

-0.7294D
C.18300
C.5403D
0429490
0.28500

~0.3640C

—-0.30790

-0.1353D

-0.54690

LOWw

02
02
04
0%

02
04
01
Q0
o1
o1
01
[¢B}
00

-0.21760 C2
0.1363D0 04
0.2665C 01
0.135¢0 C1

-0.20€10-C1

~0.38340 Q1

-0.282C0 ¢1

-0.12C%C C1

-0.47220 OC

Ce2573D
C. 10660
C.83520
C.31C80
—~Ce19C10D
-~C.3934D
~(.25€1D
~C.10810
~(.39300

111
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DTAGNOSTIC TARLF  S1.. AT TIMF = €.6C850~01 +I{UFLT = 3.60400-02)

TABIL F OF TITFRATIVF PARAMETERS

ITFRATION RFSITUAL DEVIATION NC. NCA-CCANv. NODES
1 C.28610 01 C. 73610 01 588
7 €C.33880 CC C.43070 QU 489
3 Ca37G660~-C1 Ce.3i870-ul 159
4 C.94230-C2 Cal9370-02 0

TABLE CF SYSTFM-FLCw PARAMETERS

TYPE OF FLOW RATE INC. FLCw TOTAL FLOn
CONSTANT-PRFSSURE-NODE FLCW o o o o =« « 0.0 0.0 0.0
CONSTART-FLUX=NODE FLCW o o o o o « o « 0.0 0.0 0.0
SFFPAGE 4 4 & o o 2 o o« = o s o = o« o =« 0.114SD €5 0.4167C 03 0.87950 04
RAINFALL S « o o o « o o o o o = o« » « o« —0.16%2D0 C3 -0.6143C 0Ol ~0.2271D 02
NUMFRTCAL LOSSESe o o o o « o« o o« « = - 0.231C0 03 0.8294C 01 0.11440 032
NET FLOWe o o o o o o 2 o o = o o« « o « 011550 G5 0.4189C 03 0.8682C 04
INCRFASF IN VOLUMFTRIC wATER CCNTENTe . -0.10830 CS -0.39030 03 0.5916C 0S5
RATNFALL-SFEPAGF NOTAL FLOWS
0.9497D 03 C.47950 C3 C.25370 U3 0.10840 03 0.32050-03 -0472900 02 -0.2177C C2 C.2569D 02
0.3400D0 02 0.62630 C2 C. 39640 U3 C.S117D 03 0.196¢0 04 0.1826C 04 0.13570 C4 C.1056C C4
0.84620 03 C.6440D 013 C. 40900 03 0.51550 C2 0.11640 02 C.5847C 01 0.2235D0 01 €.78250 CC
0.2753D-01 ~-C.7881D CC -C0.34170 0O ~-C.2299D 0OC 0.1971C 0C 0.11330 01 0.275%D Gt 0.50840 Cl
0.7561D 01 €C.94350 C1 C.G747D0 01 C.€283D C1 0.52420 01 0.1524C 01 ~-0.8845C CC ~C.22810 C1
-0.30600 01 ~C.32600 ¢l ~0.31370) 01 —-C.23]100 01 -0.3538C 01 -0.3757D0 01 -0.3891D C1 -C.3903C ¢l
-0.38760 01 ~-0.37740 C1 —C.35740 01 -0.33530 Cl1 -0.3120C Ol ~C0.28660 01 -0.26CE0 C1 -C.23660 01
-0.72140D 01 -0.1928C 01 ~-C.17320 01 -0.1552C 01 -0.1389C 01 ~0.1243C 01 -0.1112D0 C1 -(.9970D0 CC
-0.8951N 00 ~-(.80420 0C ~0.12240 VU -0.64770 CC -0.57740 00 ~0.5089D 00 -0.43940 CC ~C.36580 CC

-0.229710 0C

48!
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OUTPUT



OUTPUT TABLE leo PRESSURE HEADS AT TIME = 0.SCE8SC-Cl L{CELT = 3.60400~02)¢{PAND wIDTH = 23)

NODE 1 PRESSURE HEAD CF NCDES loltleacaesl+?
1 5.56680 C1 4.8838D0 C1 3e47b850 Ol 1.84700 01 7.15380 Q0 0.0 C.C 0.0
9 -1.22380 00 ~3.49170 CC 2«56750 01 4.88490 01 3.47880 01 t.8516C 01 7.1433C CO 2454340
17 1.8097D 00 5.3C53C-C1 -l.0Uv49u 0C ~3.3676C 00 5.57210 01 4.88940 01 3.485CC (1l 1.8585D
25 7.8997TDH 00 4.3ESTIC CO 3.28520 00 1.68680 00 -3.3285C0-C1 -2.8115C 00 5.5849C Cl1 4.5023D
33 3.49880 C1 1.88€69D 01 8.8158D0 0C 5.4726C 00 4.3845C CO 2.TE26C CO 6.51880-C1 ~1l«84630
41 5.61130 C1 4.52890 01 3.521715D0 01 1.5373C 01 9.68540 GO 6.4257C 00 543572C CO 3.77310
49 1.69810 CO —-8.45500-C1 %.6579D0 01 4.67580C O1 3.9780C 01 2.0C350 01 1.04¢€4C 01 7.21580
57 6.14710 CO 4.56(SC 0O 2.48740 CC C.0 5.7325C 01 5.0£08C 01 3.65€17C Cl 2.085¢CD
65 1.11%5D 01 7.8CC&D CO 6.685lu CC 5.01580 00 2.79290 00 0.0 5.8435C C1 5+16230
73 3.7711D Q1 2.1629D C1 L.1935D 01 8.3817C 00 7.18800 CO 5.3868C 00 2.9817C CC 0.C
81 599510 01 5.31860 C1 3.93120 01 2.3521C o1 l.3325C Cl1 9.58%92C 00 8.3036L (O 6.34360
89 3.62050 €O 0.0 6.20720 C1 5.5277C 01 4.1480C 01 2.5€€3C 01 l.€0C4C C1 1.1503D
97 9.00980 Q0 6.8C71C CO 3.23380 0C G.0 6.4721C 01 5.75470 01 4.42810 Cl 2.9066D
105 l.96650 01 1.4224D C1 1l.0348D 01 7.1096C 00 3.2323C 00 0.0 €.756CC C1 6.120CD
113 4.76S9N0 01 3.2ES6C 01 2.38830 01 1.7428C 01 1.210¢C C1 7.71754C 00 3.4CESC CO 0.C
121 7.1706D 01 6.45650 01 bel6270 01 3.7178C 01 2.84530 Cl 2.0875C 01 l.4C39C C1 8455120
129 3.6188D (O 0.0 7.538170 01 €.5104C 01 5459110 01 4.1761C 01 J.32€3C C1 2445000
137 1.6069D 01 9.3615D CC 3.80470 0C 0.0 8.016€C 01 7.343¢6C 01 6404250 Cl1 4465780
145 3.8281D0 01 2.€8258D C1 lesl840 01 1.0253D 01 4.1138C 00 0.0 8.4C47C C1 7.76030D
153 6.50080 01 5.15CE&C C1 4.3397D0 01 3.2066C 01 2.026SC 01 1.1C620 01 4.3144C CO 0.0
161 8.19910 Cl T-588SC 01 6.78240 01 5.6563C 01 4.58060 01 3.14670 01 1.56G%€C C1 1.04440
169 3.6445D CC -7.6410-C1 8.00030 01 1.3876C 01 6.6027C 01 5.61620 01 4.4354C C1 3.02530
177 1.8592n C1 S-3733D 0O 2.56450 0C ~-1.8526C 00 7.828171C C1 7.2:95€ 01 6.44CSC (1 546250
185 4429640 01 2.8923D C1 le 73060 01 8.06S8D0 VO 1.2887C CoO -3.135¢6C 00 1.€674C C1 71.065SD
193 6.28410 01 5.31C30 C1 4.14850L Cl 2.74870 01 1.58850 C1 6.6E750 00 -1.2512C-C1 -4.55210D
201 7.5071D C1 6.51C30 01 6.1c580 C1 5.1536C 01 3.99380 C1 2.5657C 01 1.43€8C 01 5.1674D
209 -1.6459D CO -6.C7460 CC 7.34280 01 €.7462C 01 5.5622C 01 4.99060 01 3.€8316C C1 2443410
217 1.27540 01 3.5€320 CO —-3.2023D 0OC ~7.6522C 00 7.1718C 01 6.5753C 01 5.7913C C1 4481950
225 3.6609N0 01 2.2€636D 01 1.10480 01 1.8465C 00 ~4,97040 CO —9.4016C 00 6.5928C C1 6435620
233 %5.61220 C1 4.64C60 01 3.48l60 Q1 2.0841D 01 9.25L13C 00 4.6€614C-02 ~-6.7723LC CO -1.12050D
241 6.8049D C1 6.2C830 C1 5.4240D0 01 4.45230 01 3.2930C C1 1.8951C 01 7.3584D0 CO -1.8493D
249 -8.67000 CO ~1.3104C C1 6.60760 01 6.0107C 01 5.2263C 01 4.2542C 01 3.CS4¢C C1 1469620
257 5«3651D 00 -3.84¢17C CC -l.06720 01 -1.51C8C 01 €.4001C 01 5.8C30C 01 S.ClECC (1 4.C4580
265 2.8857D 01 1.4€¢7D0 01 3.26410 00 —-5.9532C 00 -1.2782C C1 —-1.72210C 01 6.181SC Cl 5.58460
213 4.7995ND C1 31.82€€6D Cl 2.6660D0 01 L.2662C 01 1.0503C €O —8.1746C 00 -1l.5CCSC Cl ~1.94510D
281 5.95260 C1 5.355CC C1 4.56960 01 3.5962C 01 2.434EC C1 1.0241C 01 -1.28C1C CO -1.0514D
289 —1.7357D0 C1 -2.18C20 01 571170 01 5.1138C 01 4.3280C 01 3.3¢410 01 2.192C0 C1 1.50250
2917 -3.72860 00 -1.2%73D0 C1 - le%82501 01 —2.4271C 01 5«4591C Cl 4.8¢09C 01 4.C7417C C1 3.10030
305 1.9375n 01 5.3461D CC ~6.29%80 0C -1.5550C 01 ~2.240¢D C1 —2.6857C 01 £.1645C C1 4.59610
313 3.8095D0 C1 2.82450 C1 l.o7l00 01 2.6714C 00 -8.980SC 00 -1.8243C 01 —-2.51CcC CL -2.45553D
321 4.8911D0 01 4.26230 C1 3.50540 01 2.53C0C 01 1l.3658C C1 -3.8847C~01 -1.2C48C C1 -2.13170
329 ~2.8177D C1 -3.262S8D Cl 4.59840 01 3.99940 01 3.212CC C1 2.23262C 01 1.C715C C1 -3.337S0
337 -1.50040D 01 —~2.4213C Cl ~3.1i310 €1 —-3.5582C 01 4.3075C (1 3.7¢83C 01 2.52CEC (1 1.5442D
345 T.78G64D 00 -6.21080 00 -l 75420L 01 —2.72120 01 ~-3.40650 01 -3.8518C 01 4.C17S80 C1 3.41830
353 2.63010 01 1.65310 01 4.8721D0 00 =-6.1970C 00 ~2.0874C C1 —3.0138C 01 ~3.6987C C1 ~4.14400
361 3.72880 (1 3.12870 C1 2.33990 Q1 1.3623C 01 1.8572C Q0 -1.2120C 01 -2.328C2C C1 -3.30610
369 -3.9908N0 Ci -4.43610 C1 3443940 Q1 2.83870 01 2.0492C Ci 1.0709¢C 01 —S9.6550C-Ct =1.5052D
3717 -2.6739D 01 -3.56%2C Cl -4.28310 01 -4.7284LC 01 3.1486C Cl 2.5473C 01 1.757CC (1 1.7771170
385 -3.90%00 00 -1.8€C9D 01 -2.%695L 01 ~-3.89413C 01 -4.,5778D0 C1 —5.0234C 01 Z2.85580 C1 2.25380
3913 l.46260 Cl1 4.82180 00 ~6.07960 00 -2.0996C 01 ~3.2678D0 C1 ~4.1G14C 01 ~4.8741C Cl -5.31950
401 2. 56080 01 1.65810 C1 l.lo600 01 1.8433D 00 ~-9.872¢C CO -2.4C03C 01 —32.567¢C (1l —4.,4892D
409 ~-5.17040 01 -€.€1550 Cl 2.26350L 01 1.66010 01 8.670CC 00 -1.1577C 00 -1l.28E€C (1 -2.70300
417 ~3.8699D 01 -4.7888C C1 ~5.46720 01 -5.91170 01 1.6634C (1 1.3591C 01 S.€4GCC CC -4.1911D
425 -1.59350 01 -3.CC€2C C1 -4.17350 01 -5.0890C 01 -5.76370 Cl ~6.2C730 01 1.€56€80C (1 l.05440
433 2. 58900 CO -1.2679C CO -1.90300 01 =3.3174C 01 -4.4790C C1 -5.3877C 01 -6.C576C C1 ~-6.5004D
441 1. 35240 C1 7.4564C GO =5.09600~-01 -1.C385C 01 ~2.2168C 01 —-3.6304C 01 -4.78617C Cl -5.6866D
449 =6.35050 C1 -6.751¢C C1 l.04190 01 4.3451C 00 -3.6376C €O -1.3%330 01 —2e£233C (1 -3.94610
4R7 =5.0947TN Y -5.G€31D C1} -h.63955 01 -7.07880 01 1.28R€D €O 1.2q41 00 -6-75220 ¢n -1.6706D
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~2.8514D
-9.9690D

S.7793D-

-7+45940
—6.2684D
-4,1208D
-2.2695D
-1.1609D
—-B8.41381D0
-7.27971D
—5.2958D
—-3.4669D
—~243246D
-G.20830
~6.0944D
6425760
—4.4767D
-3.3002D
-9.8710D
-8.7769D
-7.0697D
—5.3669D
—4. 18270
-1.04860
-G9.4261D
—7.8794D
-64 32570
~-5.1830D
-1.12840D

cl
[of¢]
0l
ct
cl
Ccl
cl
cl
Cct
01
c1
c1
cl
cl
01
cl
cl
01
ol
01
01
01
cl
02
cl
cl
c1
cl
c2

~4.26CSC
-1.G8S7C
-5.128CC
-7.86320
~7.06170
~9%.4856L
-3.2€31C
~1.77153C
~B8.8452D
-8.03259C
-6.5€41D
~4.44210
-2.5385C
-%.6210D
-8.8C570
-1.4C50D
-5.4225C
-3.%133¢C
-1.C2520
—~G.4580C
-8.1286D
—-6a2ECIT
~-4.8C32¢C
-1.CS11C
-1.CC8SC
-8.8381C
-7.16820
-5.82220D
—-1.1745D

o1
Gl
[
c2

=-9%.39690D
-3.16990
~le315950
-2.18880
-7.71510D
~6.53880
—4%e 42860
~2.58l60
-1+46650
~Bs02090
-7.50050D
—2%2.55010D
-3.7382U
—2.58580
-9.38320
-5e27370
-6.463820
—4.7040LU
~3e52290
-1.00250
~beY304U
~-7.26810D
-9.59190
~4.41020
=-1l.00500D
-9.5%050
~8.0E3%C
-6.28970

01
ol
01
ac
01
cl
Cl
ol
o1
ol
ot
o1
cl
cl
(43}
o1
01
01
cl
02
o1
01
01
o1
c2
[¢D}
ol
01

-6.2716C
—-4.5736C
~-2.3097C
-8.3055LC
-8.1470C
~7.344¢0
-5.7714D
~3.57238C
-2.0814C
-5.0566C
—-B.2434C
~6.7850C
—-4.7071D
~3.19920
-$.8054C
—-E.51767C
~7.5927C
~5.6427C
~4.13680D
—1.0447C
~G9.6125C
~8.3045C
-€.5030C
—-5.035¢C
-1.1078¢C
-1.0258C
-5.0189C
~T.4272C

ol
0l
01l
0o
ol
01
0l
01
0l
ol
01
ol
o1
0l
01
01
01
¢}
a1l
02
0l
01
ol
o1
02
02
o1
01

—6.92040
~-5.693SC
-3.488¢C
~1.63410
-5.3518C
~7.9601C
-6.7976C
—4472940
-2.837Z4C
~1.7635C
-8.83300
-7.7091C
-5.80320
~3.996¢€C
-2.83420
~9.5513C
—-8.4462C
-6.672CC
-4,9265C
—3.7423C
-1.0178C
-9.0993C
-7.46910C
-5.8245C
~-4.64740
-1l.C83C0
-9.7763L
-8.283°<C

Ccl
Ccl
01
Gl
00
Gl
cl
o1l
Ci
cl
cl
a1
al
a1
cl
c1
Cc1
0l
01
cl
c2
o1
cl
1l
cl
02
[¢D}
Cl

~7.3¢800
—6.5£32C
—4.88430
—2.6299C
-1.148C0
-8.36C40
-T7.5863C
-6.0469C
-3.875CC
-2.317€7C
~9.25171%C
~8.44020
—-T7.0C31C
-4.958¢C
-3.44171C
~-9.9731C
-9.14150
~T-77450D
-5.8€80C
—-4.357¢C
-1.0€CCC
-9. 766170
~8.48120
-6.727¢0
—-5.2778C
—l.12¢€3LC
-1.0449C
-9.2G17C

4.12S1C
~7.183SC
—-5.5861C
~Z.8C€7C
-1.6523C
~8.45€6SC
—-8.1645D
-T.C455C
-5.CcCEC
—2.1831C
—-2.CECA4C
-6.C0252C
—7.6C617C
~€.C371C
—4.241SC
~-3.C718C
—S.7134C
-8.6€134C
~6.8718C
—-5.14¢€4C
-3.6612C
-1.C33CC
—-6.2€613C
~-1.6733C
—6.C6860
~4.89590
-1.1035C
—6.S€ETC

co
Ccl
Cl
cl
cl
co
Cl
1
Cl
Cl
Cl
cl
ClL
Ccl
Ccl
Cl
C1
cl
1l
Cl
Cl
c2
Cl
C1

cl
c2

-1.65630D
-7.€2570
-6.82760
~5.18970
-2.%4830
~1.4634D
-8.623CD
-7.817C0
~6.3089D
—4.16560
~24665CD
—-Ga448170
~-846274D
—-742093D
~5.196C0
-3.6842D
-1.0135D
-9.3015D
—1.5525D
~-6.0712D0
~4.5736D
~1.07530
-9.52310
-8.659CD
-6.,6565D
-5.5387D
~1.1480D
-1.060680

STI
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INPUT
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CFa eee la TITLEL. FURMAT (15,GA8)* ...

0773 FREEZE TRANSIENT PROoLEM, MESH NCOIFICATION

CF. eee 2. BASIC INTEGER PARAMETFRS. FORMAT (L1€15) aa.

434 35C 1 g 70 0 1 16 0 1 0 o 25 3
CF. ese 3. DBASIL REAL PARAMETERS. FCRMAT (8F10.0) .«..
-1 . 200. C. C. .01 Y 1.
$80.6 .c13 .5
CF. eee 4. PKINTER UUTPUT CCNTRCL. FORMAT {8011} .e.

CC00GOCCCCLCOCOCcacouo000000VOCECCCCCOOCCccaaccoo0000C00000000000000000002

CFa eee 5. MATERIAL PROPERTIES. FCRMAT (8F1040) eae

C. Ca -3 «58E-17 «98E-T

CFa ess To SOIL PRUPEKTIES IN TABLLAF FCRM. FCEMAT (8F10.0) ...

-800. ~40C. =200 -115. -13C. -125. -100. -62.5

~50. -37.5 =25 =-12.5 C. 50. 100. 20004

024 -C3z - 0425 - C45 «050 «0625 .06 W21

-25 «27E -285 «25C «2925 +2875 «2995 3
«44E-¢ «£2E-8 «65£-8 «T0E-8 -80E-8 «95E-8 -l6E-7 «40E-17
«48E-~1 «53e-7 «25E-7 «56E-7 «56E~7 «5TE-T «58E-7 «58E-17
0. «52k-4 «l0E-3 «20E-3 «50E-3 «l11E-2 «32F=-2 «32€E-2
«2CF-2 «8CE-3 «40E~-3 «2CE-3 «10E~-3 «40E-4 «26E-6 O.

® COMMENT CARDS ARE TO Bt DELETEC FRCM CATA SET. THEY ARE INCLUDEU HERE AS A
CROSS REFERENCE Tu APPENUIX E.



CF.

O Wy NS WA

8.

OO0OOOODOOOD0MNANMD
R
cooCcOoOO00OOO0CDOOO

25.CC0
2%.0CC
2£.0CC
2£,0C0
2¢.0CC
28.0CC
2£.0C0
2%.CCC
2£.0C0
2£.0CC
25.0C0
2£.0CC
2£.0CC
2%.0CQ
5C.CCO
5C.GCO
5C.0CC
5C.CCO
5C.0C0
5C.CCO
5C.0C0
5C.0C0
5C.0C0
5C.0C0
5¢.0C0
5C0.0C0
5C.0CC
5C.CCC
15.0CC
75.CC0
15.CCC
7¢.0CC
15.0C0
7¢.0C0
75.CCC
75.0C0
15.0CC
7%.CCC0
12,000
1€.0C0
75.0C0
75.CCC
1cC.CcCC
1€Cc.0C0
16C.CCO
1¢C.0C0
1¢c.ccC
1¢c.CcC
1(C.CCO
1€C.0C0
1€C.CCO
1€C.0CC
1¢C.CCO
1¢C,0C0
1CC.0C0
1¢C.0C0
11€.0C0
11C.CCO
11¢c.CcCo
11C.0C0
11C.0CO
11¢.CCO
11C.CCO
110.0CQ

NOUAL~PUINT PCSITIONS.

0.0
17.500
33.750C
4B, 15C
6l 500
715.000
86.250
96.250

105. 000
1144500
1ls.750
123.750
127.500
130,000

0. 0
17.500
33,750
48.750
62.500
75,000
86.250
96250

105%.000
112.500
l18. 750
123.750
127.50U
130.000

U O
17. 5400
33,750
48.750
62.500
75.000
864250
96.250

1L05. 000
112.500
118.750
123. 750
127.500
130.000

Ua 0
17.500
33.750
48.750
62.500
75.000
864250
96.250

105.000
112.500
Ll6.750
123.750
127.500
130.000

0.0
17.500
33.750
45,750
62.500
715.000
86.250
96.250

105. 040
114.500
118.75C
i23.75¢0
127.500
130. 00U

G0
L9.038
36.699
52.961
6l.885
8le410
Y3.558

1L04.3217
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152
153
154
155
156
157
158

11C.0CQ
11£.0CQ
11¢.CCQ
110.0C0
11€.000
11€.0C0
12C.0C0
12C.0CC
12€.CCQ
12C.0C0
12€.0C0
12€.0C0
12C.CCC
1z2C.CCC
12C.0C0
12C.0CO
12C.0C0
12C.CCO
12C.CCC
120.000
13€.0C0
13C.GCO
13C.CCC
12c.CCC
130.CCO
13€.0C0
13C.CC0
12C.CCC
12C.CCC
12C.GCO
13C.CCO
13C.0C0
12C.CC0
13C.0C0
14C.CC0
14C.CCO
14C.CCC
14C.CCO
140.0C0
14C.CCQ
14C.0CC
14C.CCO
14C.CCC
14C.CCO
14C.0C0
14C.CCO
14C.CCO
14C.CCO
1sc.0cC0
1€0.CCQ
1€C.CCO
15C.C(0
18C.C(C
15C.CC0
1€C.CCO
15C.GCO
15C.CCO
18C.0C0
15C.CCO
15C.0C0
158C.CC0O
1€C.CCC
l1¢C.CCQO
1£C.CCO
16C.CCO
1écC.cCa
1é6C.CCO
16C.0C0
16C.0C0
1€€.0C0
16C.0CO
1€C.GCCC
16C.CcCO
1€¢C.CCO
1eC.CCO
1eC.CCO
17C.CCC
17€.0C0
17C.0C0
17C.CCO

Li3.718
121.731
1284365
L33.022
137.500
140. 00U
Ve 0
204577
39.047
97.411
734269
87.820
100.865
112.403
1224435
13u.961
137.980
1434493
147.469
150. 000
[VPV]
22.115
42.990
o6l.442
18.06%4
$4.230
1084173
120.480
131.153
1404192
147.595
153.3065
157.499
160. 000
0.0
23.054
454945
659,673
84.038
100. 64t
1154480
128957
139.871
1494422
157.211
163.236
167.499
170.000
0.0
25192
48e 494
09.704
Bya423
107. 051
122. 748
136.0634
l4o.589
1584653
lo6. 826
173.108
177,499
180.000
Us U
264731
Di.442
14,135
94. 808
113,461
130.096
L4471}
157.307
167,884
176,442
182.980
187. 499
194,000
0.U
284269
94.391
To. 365
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159
160
161
162
163
L64
165
166
167
168

170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

240

17C.CCO0
l1ic.cco
17C.0cC0
17C.CCQ
17c.Cco
131C.CcCO
17C.CCC
17C.CCQ
17C.CCC
17C.CCQ
18C.0C0
18C.CCC
18C.0CO
18C.CCO
18C.0C0
18C.CCO
18C.CCO
18C.0C0
18C.0C0
18c.0C0
18c.qco
18C.CCO
18C.0C0
18C.CC0
16C.0C0
19€.0C0
15C.0CC
19C.0C0
19C.0cC0
15C.C0Ca
16C.CCC
19C.0CO
19C.0C0
15C.0C0
19C.0C0
16C.CCo
16C.CCO
19€.0C0O
2¢C.CCO
2cc.Qca
2¢C.0CC
2CC.0C0
2CC.0CO0
2CC.CC0
2¢C.0C0
2¢C.0C0
2€C.0C0
2¢C.0C0
2cC.0cC0
2€C.0CO
2€C.CCO
2¢C.0C0
22%5.CCC
22£.0C0
22%.6C0
22%.0CC
225.0C0
22%.CCQ
225.0CC
22€.0CC
22%.GCCC
22%.0CC
22%.0C0
228.C0CC
22€.C0C0
22¢.CCC
25C.0C0
25C.0C0
25C.CC0
2¢C.C0C0
25C.CC0
25C.0C0
25C.0CC
25C.CCO
25C€.CCO
25C.0C0
25C.0C0
25C.0C0
25C.0C0
28(.C(0
218.CCC
27%.0C0

1004192
11%.872
137.404
192+ 788
lob. 025
177.115
186.U57
192.852
197.499
200,000
Ve O
29.808
57.340
d42. 590
105.511
126.282
144.711
L60. 865
174.743
1864340
195.672
2024 124
207,499
210.000
Ye 0
31.346
60,2488
864,827
110.961
132,692
152,019
lode 942
183. 461
195%.5176
205.288
2124595
21 1.49Y
220.000
0.0
32.885
03.237
91.058
1164346
139.102
159.327
177.019
192,179
206,807
2144903
222.461
227.499
230,000
0.0
34,425
6b. 186
95.2848
121.731
145.513
166. 634
185,096
2004 897
214038
2242519
232+ 339
237.499
240.000
U0
39. 962
69.135
99.519
127.115
151.%23
173.942
193,173
209.6195
223.269
234.134
242.211
261.499
25%U.000
0.0
37.500
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263
264
265
266
267
268
269
270
271
2712
2713
274
275
276
2717
278

321

215.0CQ0
27¢.CCC
271€.CCC
Z21%.CCC
z21%.0C0
275.0C0
21.0C0
271%.CCC
21£.,00C
21£.0CC
271%.0CC
21c.0CC
3¢(C.CCC
2(CC.CC0
3¢C.0C0
3CcC.cCo
3CC.0C0
3(C.0C0
3(C.CCO
icc.ocCo
3¢C.0C0
3cc.cCO
3CC.CCC
3ccC.CCO
3CC.0C0
3CC.0CO
325.0CC
322.CCC
22£.0CC
32€.0C0
32%.0C0
32£.0CC
32¢.CCC
32¢8.0CC
22%.0C0
12£.0CC
32¢.0C0
32¢.CCC
2z¢€.CCC
32£.0C0
3€C.G0C0
35C.0C0
38C.C(C
38C.CCC
315C.0(€0
35C.CCO
35C.0C0
38C.C(0
28C. 000
315C.0C0
3%5C.0cCQ
35C.CCQ
3£C.CCC
3£C.0C0
37€.CCC
37¢.CCC
371£.0CC
37%.0CC
317¢.0C0
37¢.CCO
37%.0CC
371¢.CCQ
1715.GCC
27%.0C0
375.CC0
37€.0C0
3715.0CC
378.0C0
4CC.0C0
4(C.0CO
4(C.0C0
4CC.CC0
4CC.0C0
4CC.0CC
4(C.CCO
4CC.0CO
4(C.CCO
4CC.CC0
4CC.0CO
4CC.0C0
4CC.CCO

12.083
103.750
132.500
Llobe 333
181.250
2014250
2184333
232.500
243. 750
2224083
257.500
260 UUU

0.0

39.038

715.032
1u7. 9381
137.8384
164,743
1384557
209.3217
227.051
Zal. T30
2934365
2614959
207.499
2704000

[{ PRV

40.5177

71.981
112.211
143.26%
171.15%4
199« 0865
21 Te 404
2354769
250,961
262,940
271.826
2774499
280. 000

0.0
42.115
80929
lL6.442
l4bd. 054
17171.5064
203.1173
225+ 480
244.487
260.192
2724945
28l.698
2d7.499
290s U0

U. 0
43. 654

83.4874
120.673
154. 030
183.974
210. 481
233.9517
253.205
209.423
2824211
291.570
297.499
300U« 0U0

U.0

43.654

83.8670
120.673
1544038
13,974
21U. 481
3345517
2534205
26%9.423
282.211
2914570
297,499
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322
323
324
325
32¢
321
328
329
330
331
332
333
334
335
336

371
372

4CC.CCO
425.CCC
42¢.0C0
42%.CCC
42%.CCC
42¢.0CQ
425.0CC
42%.CCC
47%.0C0
425.GCC
4zZ£.0C0
42%.CCC
425.GC0
475.C0CC
42%.0CC
45C.CC0
45C.C(0
4%5C.GCO
45C.CCO
45C.0C0
45C.CCO
45C.CC0
4%C.0C0
45C.0C0
45C.0C0
45C.CCC
4£C.0C0
4cC.0CC
45C.CC0
475.0CC
415.CC0C
47%.0CC
47£.0C0
41,000
415.CC0
475.CCC
47%.0C0
471£.0C0
47%.0CQ
475.0CC
4715.C(CC
475.CCC
415.0CC
s(Ca.CCC
5CC.CCO
5¢C.CCO
8CC.CCO
€CC.CCO
5CC.CCO
5CC.0C0
SCC.CCO
£cc.CCO
5CC.0C0
5CC.CCO
5(C.0C0O
5(C.CC0
5(C.CCO
52%.0C0
52%.CCO
£2%.0C0
£25.CCC
£2¢.0C0
€2€.CCC
52%.CCQ
52£.C0C0
52¢.CCC
$2%.CC0
52¢€.CC0
525.CCC
52¢.C00
€2¢.C0(C
££C.C(0
55C.CCO
86C.CCO
55C.CCO
£5C.0C0
€5C.CCO
55C.CCO
55C.CCO
55C.0C0

3004000
0.0
43.054
83.878
1200173
154.038
183.974
Z210.481
233.557
253,205
209,423
282.211
291570
2974499
300. 000
Q.0
43.054
83.48178
120.6173
154,038
L843.974
2100481
233.557
2934205
209. 4205
282.211
291570
297.499
3U0.000
0.0
43.054
d3.817b
120.0673
1%4.0308
183.974
210.481
233.957
233.205
2694423
282.211
2914570
2974499
300.000
0.0
43,054
83.3878
120.0173
154.038
183. 974
2104481
233.5517
2534205
269.423
2824211
291.570
297.499
300. 0U0
0.0
43.654
H3.878
120.6173
154,038
183.974
2104481
233.551
253.205
269.423
282.211
«91e 570
297.499
300.000
0.0
43.654
83.878
120.673
154.038
143.974
210.481
2334557
253,205
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434

Cfo

CF.

434

CFa

22

CFa

€5C.CC0
§5C.CC0
56C.CC0
55C.CCO
56C.CC0
£715.CCC
575.GCO
571%.0C0
515.0C0
575.CCC
£1£.€C0
§75.CC0
575.CC0
515.CC0
£l1¢.C(CC
51€.0CC
575.CC0
575.CCC
575.G(C
€CC.0CC
6CC.0CO
eCC.CCO
6CC.0CO
6CC.0C0
€CC.CCO
€0C.0C0
6CC.0CO
6CC.0CO
€(C.CCO
€(C.CCC
6(C.0C0
6(C.0C0O
6(C.0C0

eae S

1 15

Ce
Ce

c <.
14 5.
C.
~3.¢83
-1C.45%
-17.54
-25.82
~-33.96
~4z.3¢
~%C.95%
C ~1C0.
14 -1C0.

269e 420
282.211
291.5170
297.499
30ueOUO
Ue 0
43.654
83.818
120.673
154.038
ldse974
210401
4334557
2534209
2694423
282.211
291.5170
291.499
300.000
Ue
43.65%
d43.8178
L2U. 6173
154.u38
1d3.97¢4
210,481
233.557
2534205
269.423
282.411
291.910
291.4%9%
IV IVPRVIVIV]

ELEMENT OEFINITICNS.
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FCRNMAT

16 2 1 13 3¢

(1615) ...

CAKD INPUT FCR INITIAL CFR PREINITIAL

CONUITIUNS. FCRMAT

[15.5X.F10.0) e

STEAUY-STATE INTEGER FARAMETERS., FCRMAT

0 9] 0

STFAODY-STATE DIRICHLET PRESSURE-TYPE

BOUNDARY CONCITICNS.

FCRMAT

(215,2F10.0)

{1615)



CF.

CF.

.005
(439
0.

CF.

B4
182
322
434

CFa

65
169
299
390

CF.

14
70

1662C.
.CCE
1€€20.
C.

1C 84
182 1S6
322 328
420 424

€ S.
14 5.

127

TRANSIENT=-STATF INTEGER PARAMETFRS. FCRMAT [1615) ...

2 17 17

TRANSIENT-STATE RAINFALL PROFILES. FCFNMAT (8F1l0.0) <.

TRAWSIENT~STATE RAINFALL TYPES ANC
PONUING UEPTHS, FCRMAT (315¢5X42F10.0) eee

Q.
Oe
Ua
Ce

TRKANSIENT-STATE RAINFALL-SEEPAGE
SURFACE ELEMENTS. FCRMAT (1615} ...

¥
13
U
13

TKANSIENT-STATE UIRICHLEY PRESSURE-TYPE
BOUNDARY CONCITICNS. FCRMAT (215,2F1040) ...
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TN MINIMIZF  COKE STukaok ReQUIRENMENTS. SEVERAL STATEMENTS SHOULD 3E F XCHANGED
WITH THEIR COULNTERPARTS Iiv APPFANCIX Co THF CIMENSION ANT CATA STATEMENTS APPEAR
ONLY TN PRCGRAM MAIN, CULMMUN/GECM/, FCWEVER, 1S PRPESENT IN A NUMBER (F FCUTINES
~—MATIN, DATAIN, VeELT. BCPrEPe B8C, ASENMRL., SPROP, STOREs SURF. AND SFLOW. COMMON
/RFSP/ IS LSFE Y ROUTINES MAIN, DATAIN, ECPREP, BCs STORE, AND SFLUW. TrHE PRE-
SCRIPTION FOR ADAPTING THe COMMON AND CIVMENSTON STATEMENTS T3 QTVHER PROBLEMS IS
PRFSENTFD 1IN  THE OPFNING COMMENT STATEVMENTS OF PROCGRAM MAIN  {SEE APPENDIX C).
DIMFNSTON, DATA. AND LUMMUN STATEMENTS LPPRCGPRIATE FOR THE REEVES~UUGLID-CASE-2
FREEZ7F COMPARISCN ARE AS rFuULLOWS.

DIMENSTICN Ri434 ) oRPI434 )oHl436 ) oFP(434 ) bT(434 )yHWl434 ),
> BFLXP( 434 j ¢BFLX(434 )yRSFLX({434 ) NPCNV(434 ),Cl434 ,16),

> THI3G0 +4) eUTHI3Y0 «4) o AKX(390 +4)vAKZ(390 243, VX390 «4),

> VZ{390 o6} eaKPARK(342) «KPR{2500)14SUPHE(843) s FRATE(LIC).FLCWI1G),
> TELCW(L0) «TITLE(G) «THPAR(3,8)4FNMAT (3,5)

DATA MAXNP yMAXEL +MAXMAT  MAXHBP (MXRFPRyMXRPARMAXNT T /4244390 42,
> 16¢242€C2500/

COMMON/GEOM/X (434 ) oZ1434 ) B8(434 ),CCOSXRI3GC ), DCGSLBL390 ),

> DLR{3GC ) ¢UFLToCHNGsDELMAX s TMAX SNFF(CSFELNNI434 ).NPST (434 ),

> NRE(39C ) IE(39U +5)«1SB(3G0 +4) MNP, NELoNMAT,IBANCIANBCoNST NTI,
> NBFLoNSTNNSTRT

COMMON/RF SP/UCYRLX (434 ) oFCON{434 Do FLXU434 ) LCOSXA{3GC ),

> NDCOS7{39C ) +OLI390 Ve TREL2420) 4RF(2+420)¢RFALL (2} IRFTYP(434 ),
> NPRS(434 ) ohPLONI43e JoNFFLX (434 )}oNRSE(390 )sIS{3S0 +4)eNRFPR,
> NRFPAR (NRSEL«NRSN
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SUBROUTINE SPROP MUST UCCASIUNALLY BF CHANGEL TO ACCCMMCUATE THE FORM CF THE IN-
PUT SOTL PRCPERTIES. THE SPRGP CF APPENCIX C INTERPCLATES TABULAR CATA FOR ALL

PROPERTIES EXCEPT THE HYULUKAULIC CCNOLCTIVITY,

WHERE A GARLCNER FCRM IS USEC.

THE

FOLLOWING VERSICN UF SPrUP INTFRFCLATES ALL SCIL FRCPERTIES, INCLUDING THF CON-

CUWCTIVITY.

SUBRCUTINE SPROPITH.uTHo AKX «AKZ oo MAXEL « MAXNP)

IMPLICITY REAL*®3 (A-H.0O-1)
COMMCN/GECM/ X{ 434 ) ol(434

FUNCTION OF SUohQUTIENE-~TL CALCULLATE SCIL PRCPFRTIES, I.F. THE
WATER CONTENTS THIM.IU)se wATER CAPACITIES DTH(M,IC)s AND
PRINCIPAL VALUES OUF THE CONDLCTIVITY TENSOR AKX (M.IC) AND AKZ{(M,IC).

) eBR(434 ).LCOSXBU390 ).DCLSZBI3SO )

> CLB(3GC JeJbLToCHNGIUELMAX o TMAXy SNFEWCSFESNNI434 ) JAPST {434 ),
> NBE{390 e Itl 390 +20¢15B{26C +4) o MNP NEL NMATSLIBARNCNECNST,NTT,

> NBEL+ANSTNSNSTRT

COMMCON/PTL/PROPL245) e THPRCPI2452) s AKPRCP{2652) s HFRCF{2¢52),

> CAPRCP{2452)¢NSPPM

CIMENSICN TH(MAXEL +4) o AKX(MAXEL 94) vAKZ(MAXEL ¢4)4DTH(NMAXELV4A),

> F(MAXNP)
NO 7C M=1,NEL
MIYP=TE(M.5)
DC 6C IC=1le4
NP=TE(M.IQ)
FAP=H{nP)

TF IFNPL.GTJHPRUP IMTYF,1)) GC TC 10

Ji=1
Ju=2
A=Q.
GC TO 50 ’

10 IF (HNPoLTLHPRUPINMTYFNSPEVM) ) GC ¥C 20

JL=NESPPM
Ju=1
A=0.
GC TO 50
20 NC 30 J=2.NSPPM
Ji=J

IF (HPKOPIMTYP,J).GCT.HAP} GC TO 40

30 CONTINUE
4C JL=Jdi-1

A= [FNP-HPKUP {MTYP,,JL))}/UHFRCFINMTYP,JU) -HPRCP(NMTYP,JL))
50 TEIMeIUI=THPROPIMTYP ¢ JL) +A* { THFRCP(MTYF4JU)I-THPRCP(MTYP,JL }ISPRO

SPRO
SFRO
SPRO
SPRO
SPRO
SFRO
SPRO
SFRO
SPRO

SFRQO
SPRO
SPRO
SFRQ
SPRND
SPRO
SPRO
SPRO
SPRO
SPRO
SPRN
SPRO
SPRO
SPRO
SPRD
SPRO
SPRO
SPRO
SPRO
SPRO
SPRO
SFPRN
SPRU

DTHIMe E9)=CAPKUP (MTYP, JL) +A% (CAPROP(MTYP,JU)~CAPRCP(MTYP, JL)SFRQ

> ) SPRO

AKX (Mo TG)=AKPRUPEMTYP o JL) +A% (AKPROPIMTYP . JU) = AKPROP(MTYP, JL }SPRO

> ) SPRO

C AKS=AKPROP(MTYP4 1) SPRO

c FC=AKPROPIMTYP,2) SERO

c AN=AKPROP(MTYP.3) SPRO

c TF(FNP L ToULDU) GO TC 55 SERO

C AKX{M.TU)=AKS SPRO

C GC TO 60 SPRO

c 55 AKX IMe 10} =AKS/{L KNP /FC }¥* AN+ 1.) SPRO

60 AKZ Mo 19 1=AKX(Ms10) SPRO

70 RFtEEZIXNLE SFRO 255
PR

ENC SPRO 26C

SPRO 265

1C

5

26
25
30
3
40

225
23C
235
240
245
25C
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pPRO7LF* T1%ee FREFZF TRANSIFAT PRC3tEM. McSH MOCIFLCATICON

INPUT TARIF l.. RASIC PARAMETFRS

NUMAER NDF AODAL POINTSL 4 6 o o o o o o 4 34

NIMAER OF FILFEMERNTS. 6 4 4 4 4 o o o o o 390
NuMpeR OF DTEFFIRENT MATFRIALS o o o o & 3
NUARFER (F (DRRFCTINN MATERTALS. o & o 0
NODMRER OF TIME INCFFA4ENTS o o o @ o o @ 10
STFAPY=STATF T.Co CONTRIL o 4 o o o« o « 0
SOV =P PFRTY CONTROL 4 4 4 o o o« o o 1
NUMBER (4 SOTL PARAMETERS o 4 4 4 o o « 16
AUXTL TARY STORAGE CONTROL o & o o o o « o]
CONDUCTIVITY=-PFRIMEARTLTITY CONTRIL o o W 1
GRAVITY CONTRCL o o o o o o o o o o o @ ¢
RESTART PARAMETIR & & 4 @« o o o » o =« = 0
Max UM TTEFRATIONS PFR CYOLF. o 4 o o . 25
MAXTMUY CYILLFES PER TIME STIFF. 4 o o o o 3

TIUF IACKEMENTL o 4 @ o o o o = s o « - UolCCCCC
Mt TIPEITFR FOR INCRFASING DFLTL. & & o W U.500CCC
MAXTIMUM VAIUF (F NDFLT o o & o & o « » 2U.20000C G323
MAXTMUM VAL UF UF TIMFE o o & o . « o « «U.lu00C 51
NEGREFS TF PRIN-AXTS TIACLINATICON. o o @ 0.0

STHAOY=STATE TOLERANCF e o o o o = o o = J.01CC0OQ0
TRANSTIFNT=-STATF TOLERANCE & & 4 o o o @ velicCccce
OFNSTTY 1MF WATFRGe & 4 o o o o o« « o o « leo00GCCC
ACCFL FRATIIN OF GRAVITY o 4 o 4 o o o & 980.600
VISCOSTTY tF WATFR G4 o 4 o o o o o o o @ ua013CCC
TIME— TP TESRATILE PAKAMFTFR. o o =« « - - 0.50CCCC

AQUTPUT CUNTRE
ACCACCLINCCCONCOCCCCCCCCOCauIuuLlLuLIuCICCCO00CaCINCTA0VVLVCO003INCCC?



INPUT TARLEF 2..

MAT .

NO.
1

0.0

Al P

ARETAP

0.0

MATFRIAL PRCPFRTYIFS

POR
0.3uUuld v

KX
Ua.5800C-07

K2
C.58C00-07

INPUT TABIF 3.. SOULI=-PROPFRTIFS INTERPOLATIGN VALUES

MAT. NN, PRFSSURE MUISTUxE CONTENT CCNCLCT IVITY/PERMFLEILITY WATER CAPACITY
1 -1.8C000 03 0.24000-01 0.44000-08 C.0
~-0.4CO00 03 0e32000-01 0.52000-038 €.52000-C4
~0.2C00N 03 Je42500-01 0.65CC0-08 C.lQCcoD-C3
-0.17%0D 03 Ue4d00L-01 0.7C0CC-08 €C.2000D0-C3
-0.16C0ND 03 UeS0000-01 0.8CCCO-0¢& C.50000-C3
-0.12500 03 0.626500~-01 0.9500D0-08 €.11000-C2
-0.1C00D 03 Ue 70000-01 U.16C0D-07 c.3200n-C2
—-0.€27250D Q2 0.21000 00 0.40000-07 C.32000~-C2
-0.5000n 02 Q0.25000 Q0 0.4 ECGCD-07 C.2000D-C2
-0.37500 02 Qe 27500 00 0.53C00-07 C.80000-C3
-0.2%00D 02 0.48500 00 0.55000-07 €.40000-C3
-0.12500 02 0.29000 0C 0.56CC0~-07 (.2000D-C3
0.0 U.29250 0¢C 0456000-07 C.10Cc0D-C3
0.5C000 02 J.2%75b 0C 0.57000-07 C.4000Q0-C4
0.1C00D 03 Ua29950 0C 0.58eC0D-07 €.26000-C6
0. ?2CCON 04 J.3000u 0¢C 0.58000-07 C.0

I¢€T
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INPUT TABIFE 5.. NOCAL

NUDE

X

D020 00002000D0C0
N
DO0ODDDO0OVO0O0OLOODDODO

«25CCH
0.25CCD
0.25C0D
0.25CCD
0.25CCH
0.250CD
Q.25CCH
0.25CCH
G.25CCD
C.25CCN
G.25C00N
0.25CCD
0.25CCN
Ca25CCN
0.50CCD
0.50CCN
0.50CCeN
0.50CCD
c.50CCH
C.50CCD
0.50CCD
0.50CCD
0.50CCO
G.50C0N
0.50CCH
0.50CCDH
0.50CCD
0.50CCO
c.75CCN
C.75CCH
0.75CCD
0.75CCN
0.7s50CD
0.75€CD
0.75CCh
0.75CCD
0.75CCD
0.750CD
0.75CCOH
0.75CCD
0.75CCH
c.75CCD
C.10CCH
a.100CH
3.1000D
0.10CCD
a.10ccen
N.10CCH
0.10CCD
0g.10C0D
g.10CChH
C.10CCN
N.10CCD
0.10ccn
0.10CCO
0.100CD
CallCCD
Q.11CCN
a.110CN
0.110GD
0.1100D
0.11CCD
0.11CCN

POINT TAYA

?

c.0

C.175C0
C.33750
C.4E750D
C.625CD
C.750C0
C.8€25D
€.5¢25D
C.1C5CD
Cell25n
C.l11RED
C.123¢0
C.12750
c.1130C0
C.0

C.175CD
C.332750
C.4E750
C.625CD
C.7¢0CD
C.8€25D
C.G¢€25D
C.1C5CD
C.1125D
C.1188D
(.1238D
C.12750
€.130¢C0
C. 0

C.175C0
C.323750
Ce4E75C
Ca€25CD
€C.750CD
C.B€25N
(.5€250
C.1C5CD
C.112%0
C.11880
C.12380
C.1275D
C.13CCD
c.C

C.175CD
C.32750
C.4E750
C.€25CN
C.7¢c0D
C.8€25D
C.G€250
C.1C5CD
€.11250
C.1188D
C.12380
C.1275D
C.130CD
C.C

C.17500
C.337¢D
C.4E75D
Ca€25CD
C.750CD
C.RE6E250
(.5¢250D
c.1C5¢CD
C.l1250
C.11880
C.1238D
C. 121750
C.13CCD
c.C

C.19C4D
C.367CD
C.57680
C.6786D
C.81410
C.913560



157

133

N.11CCN
de.1100D
N.11CCH
c.l1ccn
0.11€CH
0.11CCN
G.11CCO
0.12CCN
c.12CCN
C.12CCNH
0.12CCD
0.1200n
0.12CCD
Q.12CCD
C.12CCD
Q0.12CCND
0.120CH
G0.12CCN
U.12CCx
N.12CCO
0.12CCN
J.13CCN
d.13CCN
0.13CCN
0.13CCN
GC.13CCD
0.130CD
Ca13CCN
0.13CCD
0.13CCH
0.13CCh
0.136CD
g.13CCD
0.t3CCD
0.13CCD
d.14CCN
Q.la4CCD
0.l4CCn
0.14CCD
Q.14CCD
0.14CCD
N0.140CD
N.14CCNH
0.14CCO
0.14CCO
.14CCD
N.14CCN
0.14CCH
0.1400D
0.15C6D
0.15CCN
0.15CCH
0.15CCN
0.15C00
0.15CCh
0.15CCD
0.15€CCD
0.15CCD
0.1500D
0.15CCh
G.15CCD
. 15CCN
a.150CN
0.160CD
O.16CCD
Cel6CCD
0.16CCD
0.16CCD
0.16CCD
C.160CCH
0.16CCD
C.16CCN
0.16CCN
Q.16CCD
Ua160CH
0.16CCD
N0.16CCH
0.L7CCO
0.170CD
0.170CD

C.1C43D
C.11370
C.1217D
C.1284D
C.133¢D
Cel375D
C.140CD
CeC

C.2C58D
C.3665D
C.5721D
Ca72217D
0.87820
C.1CCSD
Cel1124D
(.12240
Cal121CD
C.12800
C.1435D
Ca1475D
C.15CCD
C.C

C.22120
C.42600
C.61440
C.7665D
C.G4250
C.1C820D
C.1205D
Cal1212D
C.1402D
C.l47¢€C
C.1534D
C.1575D
C.160CD
C.C

C.22650
C.45%55D
Ca6567D
C.8404D
C.1CCeD
Coell55N
C.1286D
Ce 12960
C.14940
C.1%272D
C.l632D
C.1€75D
c.170CD
C.C

C.25190
C.4849D
C.6S9CD
C.8%42D
C.1C710
C.1228D
C.1206D
C. 14860
C.15817D
C.1€6ED
C.17310D
Ca17750
C.180CD
C.C

Ca?€¢730
C.5144D
Ca74140D
C.9481D
C.11350D
C.1201D
Ca14470
C.1%573D
Ca167S0
Cel764D
C.18300
C.lE750
C.1900D
C.0

C.2€8270D
C. 54350



158
159
160
161
167
163
164
165
166
167
168
169
170
171
172
173
174
17%
176
117
178
179
180
iRl
1R2
183
184
185
136
187
188
189
150
161
192
195%
166
167
198
199
200
201
202
2013
204
205
206
207
208
209
210
211
212
213
214
215

2V7
218
219
220
221
222
223
224
225
226
2217
228
229
230
231
232
2133
234
235
236
237
238
739

134

0.17CCD
0.17CCN
0.17CCH
0.17CCO
G.17CCO
C.17CCN
0.17CCH
0.17CCH
J.17CCD
N.1708CH
Q.17CCD
N.180CN
0.180CH
C.18CaD
0.18CCD
0.18CCH
0.18CCO
J.180CD
0.180CN
0.18CCN
0.18(CH
n.18ccCh
0.18CCN
0.18CCD
0.18GCCD
Qa19G6CD
0.19CCH
Q.19CCD
a.19q0cCh
0.19000
d.19CCND
N.19CCN
0.1900n
c.19¢Cn
Q. 16CC0O
0.19CCD
0.19CCD
0.200CD
0.20CCh
0.20CCD
C.20CCH
C.20CCD
0.206CD
C.20CCD
G.20CCD
3.20GCCN
c.20Cceh
0.20CCD
c.20CCn
0.20CCD
0.2000D
0.225CN
0.225CD
Ca225CD
0.225CN
Q.2250n
C.225CD
0.225CN
0.225CD
0.225¢CN
0.22500n
Q.225CD
Ca225CN
C.225CD
0.225CD
0.2500D
0.25C0D
0.25CCD
0.25CCD
0.25CCD
0.2500D
0.25CCD
0.25CCD
C.25CCO
0.25CCD
0.2500D
C.25CCD
C.25CCD
Ce.25CCD
0.275CD

Ca7€370
C.1C020D
(.113980
C.1374D
C.15280
C.1€6CD
Ca1771D
C.1€610
(. 16250
Ca16750
C.?2C000
C.C

(.26810
C.51340
C.E26CD
C.1C56D
C.1263D
C.14470
(.1¢090
Ce1747D
C.1863D
C.16570
C.2(270
C.2CT750
€.210CD
c.C

C.3135D
C.6(250D
C.8€830
Call110D
Cal2270
C. 15200
C.1€86D
C.1€35D
Ca165¢0
C.2175D
C.22C(CD
C.C

€.32850D
C.63240
(.51C¢D
C.11630
C.1291D
C.1£93D
C.1177CD
C.16220
C.2C48D
C.?2145D
C.222%D
C.2275D
€.23¢CD
C.C

Ca3442D
Ca66190D
C.G526D
C.1217D
C.1455D
C.1666D
C.18510D
€.2(050
C.214CD
Ce?2245D
Ca23230
Ca22715D
C.240CD
C.C

Ca3€SeD
C.6614D
€.99520
Cal271D
C.1€160
C.173SD
C.16320
C.2C96D
C.2233D
C.23410
C.2422D
(24750
C.250CD
C.0

02
02
u2
03



240
241
247
243
244
245
246
247
248
249
250

262
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
208
269
270
271

273
274
275
276
277
218
278
280
2R 1
2R?
7R3
784
286
286
287
7?88
789
290
291
292
293
294
295
296
297
’98
249
300
101
302
in3
3046
306
306
307
308
30g
110
3tl
317
3113
Ila
315
3l6
317
38
319

135

0.275CL
0.275CD
C.275CN
0.275CD
0.275CD
0.27500
0.275CDH
0.275CD
0.275CD
Q.275CD
C.275CN
C.275CD
0.275CD
0.30CCN
C.300CN
0.300CD
G.300CDH
c.30CCD
0.30CCD
c.30CCD
C.30CCD
C.30CCD
0.30CAON
c.30CCh
c.30CCn
C.30CCD
0.30CCD
0.32€C0
0.325CD
Ce325CD
0.325CN
0.32¢CD
0.325CN
C.325C0
0.3725Cn
0.325CD
0.325CD
0.325CD
C.3250D
C.325CD
G.32€CD
0.35CCD
G.35CCN
€C.35CCN
C.35CCN
G.35CCD
0.35CCN
C.35CCD
€.35CCD
C.35CCH
0.35CC0
C.35CCD
0.35CCN
C.35CCh
0.35CCN
C.375CD
0.375€CD
0.375CD
C.375CN
0.375CD
0.375CD
0.375CD
0.375CD
0.375CD
C.375CD
0.375CD
0.375CD
€.3750D
N.375CN
C.40CCD
G.40CCD
0.400CH
C.40CCN
0.40CCD
C.40CCH
0.40CCH
0.40000D
D.40CCN
Caa0OCLD
c.40CCD

€.375CD
€.7208D
C.1C38D
C.1325D
€.1583D
C.18130
0.2013D
€.2183D
€.23250
€.2438D
C.2521D
€.2575D
C.2€06D
.0

€.3604D
C.7£C3D
€.1C8CD
C.12750
C.1€470
C.1886D
€.2¢91D
C.22710
C.24170
C.2%34D
C.262CD
C.26750
c.270Cn0
C.C

C.405€D
C.7158D
€.1122D
€.1433D
Co1712D
C.15550
C.2174D
C.21358D
€.251¢0
C.2€3CD
C.27LED
€.2175D
€.2800D
c.cC

Co4212D
€.8C93D
Call64D
C.14870
C.1776D
€.2€32D
€.2255D
€.2445D
(.26020
€.21260
C.2€17D
C.2€75D
(.2%0CD
€.C

(.41650
{.H42880
€-12070
€.154CD
C.184CD
C.21C50
C.233¢D
€.75320
C.2694D
c.2822n
€.2616D
€.25750
€.3C0CD
€.0

C.4365D
C.E3880
c.1207n
C.154C0
C.1840D
€.21050
C.233¢€D
€.2532D
(.2€94D
€.2822D

02
02
a3
03
03

03
U3

a3



320
321
322
323
324
325
3¢
327
328
329
330
331
332
333
334
335
336
337
3138
339
340
341
342
343
344
3145
346
347
348
349
350
351
352
353
354
356
3156
357
358
359
3160
6l
362
3613
364
3165
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
3183
384
385
3R6
387
388
389
390
391
362
393
394
395
396
397
398
199

136

0.40CCH
C.40C0D
N.40CCDH
N.42E5CH
Cat425CH
0.425CD
Ca4?25CN
Ca425CH
0.425CD
0.425CD
Ca425CD
0.425C0
Naa25CH
0.425(D
0.4250D
0.425CN
Ca425CD
C.45CCH
QC.45CCD
N0.45CCH
Ca&5CCN
C.45CCD
0.45CCD
0.45CCD
0.45GC0CD
C.45CCP
C.45CCD
Q.45CCN
C.45CCH
0.45C0D
C.45CCN
C.675(D
CeaT5CH
0.475CD
47500
0.475CD
N.475CN
Cad75CD
C.a75CN
0.475CD
0.475C0
Q.475CD
0.475CD
0.475CD
0.475CH
0.50CCD
Ce50CCDH
C.50CCN
C.50CCD
0.50CCN
0.50€CD
0.500CD
Ga50CCH
G.50CCD
0.50CCH
Ca50CCD
0.50CCN
0.50CCD
0.500Ch
C.525CDH
C.525CD
G.525CN
0.525CH
0.525CD
0.525CD
C.525CN
C.525CD
0.525CN
G.5725CN
0.525CH
0.525CN
0.525CH
0.525CD
0.55CCD
0.55CCD
0.55CCN
C.55CCN
0.55CCn
€C.55CCH
0.550CD

(.2G1€D
C.2615D
€.3C0CD
C.C

(.47650
C.8328ED
C.1207D
C.1540D
C.184CD
(.21GC5D
C.233¢€D
(29320
C.26940
C.2€22D
C.?6160
Ce2675D
C.3C00D
€.C

Ce64265D
C.E3BED
Cs12070
C.154CD
C.184CD
C.21C50
C.2336D
Ca2€32D
Ce?2694D
(.28220
C.2616D
C.2%750
C.3C0CO
C.C

Ce43650
C.8288C
(.12CTD
C. 15400
C.184COD
€.2105D
C.233€D
(.25320
C.2€940
C.28220
C.?29160
C.25175D
C.3C0CD
C.C

C.4265D
C.83880
€.1207D
C.154CD
Cs184CD
C.2105D
C.233¢€D
C.2¢320
C.2694D
Ce2€220
Ca2616D
C.?25750D
C.3C0CD
C.C

C.426%D
C.8288D
(.12070
(.184CD
C.184CD
C.21050
C.2336D
C.2%320
Ca?2€94D
C.2822D
C.2616D
C.26150D
(.3CCCD
C.C

Ca4265D
¢.83880
C.1207D
C.154CD
C.184CD
€.2105D



400

402
403

405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
4?75
426
427
428

430
431

433
434
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0.550CD
0.55CCh
0.55CCD
0.55CCD
0.55CCH
0.55C0D
0.55C0N
0.575CNh
0.575CN
0.575CD
0.5750D
U«575CD
0.575CD
0.575CD
0.575CN
0.5750n
0.575CD
0.575CN
0.575CN
0,575CN
0.5750D
0.60CCD
C.60CCD
Ce60CCH
0.60CCH
0.60CCH
0.60CGCN
C.60CCD
0.60CCD
0.60CCD
0.60CCD
0.60CCD
C.60CCD
0.60CCD
0.60CCD

C.233%¢€0
C.25320
C.2694D
C.2822D
C.261¢60
C.26750
C.3C0CN
C.C

Ce42650
C.838¢€D
c.12070
C.1540D
C.184CD
C.21C50
Ca2336D
C.25320
C.2€540D
€.28220
C.291€0
C.251750D
C.3C0CD
C.C

C.4365D
C.8388N0
C.172070
C.154CD
C.1E4CD
C.210%D
Ca2336D
€.2532D
Ca2694D
C.2822D
Ce2516D
C.?25675D
(.3C0aC0



138

INPUT TABLF &a.o FLEMENT DATA

GIORAL INDICES CF FLEMENT NOUDES

FI FMFNT 1 2 3 4 MATERIAL NCDE DIFF
1 1 15 1¢ V4 1 15
? 2 16 17 3 1 15
3 3 17 18 4 1 15
4 4 18 16 5 1 15
5 5 19 2C [ 1 15
6 6 20 21 7 1 15
7 7 21 22 u 1 15
8 8 22 23 9 1 15
9 9 23 24 10 1 15
10 10 24 75 11 1 15
11 11 25 206 12 1 15
12 12 26 27 13 1 s
13 13 27 28 la 1 15
14 15 2G 3C 16 1 15
15 16 30 31 17 1 15
16 17 31 32 18 1 15
17 14 32 33 19 1 15
18 19 33 34 20 1 15
19 20 34 35 21 1 15
20 21 38 36 L2 1 15
21 227 36 37 23 1 15
2?2 23 37 3¢ 24 1 15
23 24 38 3s 25 1 15
24 25 36 4C 26 1 15
?5 26 40 41 27 1 15
76 27 41 42 28 1 15
o1 29 43 44 3u 1 15
28 30 44 45 31 1 15
29 31 45 46 32 1 15
10 37 4t 47 3 1 15
31 33 47 4¢ 34 1 15
32 34 48 45 35 1 15
33 35 49 5C 36 1 15
34 36 50 51 37 1 15
35 37 51 52 38 1 15
36 38 92 53 39 1 15
37 319 53 54 40 1 15
38 40 54 55 41 i 15
39 41 55 5¢ 42 L 15
40 43 57 SE 44 1 15
41 44 58 55 4> 1 15
42 45 59 6C 46 1 15
43 46 60 61 47 1 15
34 a7 61 62 45 1 15
45 48 ¥4 63 49 1 15
46 49 63 64 50 1 15
47 50 64 (3] 51 1 15
48 51 65 a6 52 1 15
49 52 66 67 53 1 15
50 53 67 X3 54 1 15
51 54 68 €S EY 1 15
52 55 69 1¢ 56 1 15
53 S7 n 12 58 1 15
54 58 72 73 549 1 15
55 59 73 74 60 1 15
56 60 T4 75 ol 1 15
57 61 15 1¢ od 1 15
58 &2 76 717 o3 1 15
59 63 17 78 64 1 15
60 b4 18 1S (%3 1 15
61 65 79 &C 66 1 15
6?2 66 80 81 67 1 15
63 67 81 82 [-3-] 1 15
64 68 82 832 6y 1 15
65 e9 a3 R4 70 1 15
66 71 85 86 12 1 15
67 7?2 Ro £1 73 1 15
68 73 87 e T4 1 15
69 74 88 8% 75 1 15
10 15 89 SC 76 1 15
11 16 S0 Sl 11 1 15
72 17 91 G2 18 1 15
73 18 92 G3 79 1 15
74 79 93 S4 80 1 15
75 80 G4 S5 a1 1 15
76 81 95 S6 Y4 1 15
17 a 96 S7 83 1 15



107
108

158

133
L34
135
136
157
138
139
140
142
143
|
145
146
147
L48
149
150
L9l
152
1535
1b6
15¢
157
153
159
160
161
162
lLe63
loa
165
loo
L67
L68

171

139

P R e et b et e Pt e P e e e et b R e bt i e e Bt e e et P et et g e Bae b et o bt B pom b Pt o hm b e bt e p b pae P R et e et P P p e Pt e ek o e e et et P P pt e b pt pe e e e e pm e e g



159
160
161
162

164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181

182
183
184
L85
186
187
138
189
190
191

16?2
193
1G4
165
196
187
198
199
2440
201
202
203
204
205
206
207
208
209
210
211

212
213
214
215
216
217
218
219
220
271
22?2
223
224
225
226
227
228
2?29
2130
231
23?
233
234
735
236
7137
7?38

171
172
173
174

176
177
178
179
180
181
183
1 64
185
186
187
188
149
150
191
192
163
164
195
197
to8
199
700
201
202
203
204
205
206
207
708
209
211
212
213
214
215
216
217
218
219
220
221
222
223
225
226
227
228
2?9

231
232
233
214
2135
236
231
219
240
241

242
243
244
245
246
247
248
249
250
251

763
254
755
256

233

264

2171

172
173
17«
175
176
177
178
179
180
Isl

184
185
186
147
188
186
190
191
192
193
194
195
196
198
199
200
2ul
202
203
2 U4
205
206
207
20Uy
209
210
212
213
214
215
216
217
718
219
220
221
222
225
224
226
227
228
229
230
231
232
2143
234
235
236
237
23b
240
24l
242
243
244
245
246
247
248
249
250U
251
252
254
255
250
291

140
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739
240
241
242
243
244
245
246
247
248
249
250
251
252
?53
254
25%
256
257
258
259
260
261
262
263
264
265
266
2617
268
269
210
211
212
273
274
275
216
2717
2178
219
280
2481
282
283
284
28s
286
287
238
289
290

29?7
293
’94
295
7?96
297
798
299
300
301
302
3013
304
305
306
07
308
309
310
311
312
313
314
316
316
317
318

271

100

330

338

356

344
14¢
34¢
347
348
345
350
352
353
354
355
35¢
351

258
259
260
261
262
263
244
265
266
268
269
270
271
272
213
274
215
216
2117
2178
27y
280
282
283
2 84
285
286
287
2 8b
2389
290

292
293
294
296
297
296
299
300
301
302
303
304
305
EYel)
307
308
310
311
sle
313
314
415
316
317
318
31y
3720
321
322
324
325
326
321
328
329
130
331
332
3143
334
335
336
338
339
340
34l

343

141
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319
320
32)
3?2
173
324
25
176
327
323
329
330
3131
332
3133
334
33%
316
337
3348
339
340
141
342
363
344
345
346
347
348
346
3150
351
352
353
3154
356
3156
157
158
359
360
361
162
363
364
365
366
367
368
369
370
371
372
373
3174
315
376
3177
378
179
380
381
382
383
334
3R%
386
387
38R
389
190

INPUT TARLF T..

NUMRER
NU4RER
NUMAER
NUMRE R
NUMBFr
NUMRER

(1
[§33
0OF
ne
OF
aF

3143
344
344
346
347
348

369

418
419

BROUNCARY CONDITICAS
SUR FACF TERWMS

357

359
360
361
362
363
365
366
367
363
369
370
371
372
373
374
375
31716
377
379
380
381
342
383
384
385
386
387
388
384y
390
391
393
364
395
396
397
368
399
400
401
402
403
404
405
407
4C8
406
410
411
412
413
414
415
416
417
418
419
421
422
423
424
425
426
427
428
429
430
431
432
433

358
35¢
26C
361
362
3¢e3

STFADY-STATE R.(.

RAINFALL PROFILES

RAINFALL PARAMFTERS
RKATNFALL-SFEPAGE FLEMEN

3a4
345
3406
347
34y
349
350
322
353
354
355
3%0
357
358
359
360
36l
362
3os
364
3oo0
361
368
369
3710
371
372
373
374
375
376
377
378
380
38l
b ¥oP4
3383
3ge
385
3006
367
38b
189
390
391
392
394
395
396
3v7
398
399
400
401
©02
%03
4 U4
405
406
408
4 Uy
41U
&)1
412
413
elae
415
4l
¥4
«14d
419
“2u

142

FARAME TEKS

-

RATINFALL-SEFFPAGE ACDES.

s

CoOCOoOON

M e et b b e b et e b bt e e R pe et o e R e pa b e pt e e et e P fme e e b P et e et e b b g e e B b et e e et e P e e e b A e e g by v Pt e g e B g e e



INPUT TARBL E H.. STFADY-STATF FCUNDARY CONDITIONS OF FCRM p=g8

NONE RA

14 0.50C30 01
2R 050000 01
42 0.50000 01
56 0.50000 01
70 0.5CCON 01
84 0.C

98 -0.38200 01
12 0410490 02
126 -0.17%4D 02
140 -0.25€20 02
154 -0.2359N 07
ted =0.42790 02
182 -0.5085N 02
322 -c.10C000 03
336 -C.10000 03
350 -0.1000D 63
364 -0.10000 03
378 -0.1000n 03
362 -0.10C0N 03
406 -0.10C0N 03
420 -0.10C0ON 03
434 -g.10000 02

i‘itttl'ttttnkt“tt‘t“i.“.i.“‘-'.!l“.!'ll‘l!‘.‘..l**‘*..*iittt*t.‘*tttk.*.'ﬂ#*.‘ittt#.*‘i.t..t...‘l“.ﬁl."t...‘.ﬁ.

NTAGNNDSTIC TARLF lee AT TIMF = Qeu «{DELT = 1.0000C-01)

TABLF OF ITFRATIVF PARAMETFRS

[TFKATION RESICUAL DEVIATION NC. NCAN-CCAV. NCDES
1 C.18490 013 C.0 412
2 C.5848n 0L (13370 w2 411
2 C.6024D GC Ce24U70 Ul 389
4 C.3369N-C1 (47070 0O 209
5 Ca4599N-C7 Cell3,D-01 0

TABL F NF SYSTFM-FL 0w PARAMETFRS

TYPF OF FLOW RATE INC. FLOW TCTAL FLOW
CONSTANT-PRESSLRF-NONF FILW o o« o« =« « « U«58530-02 0.0 C.0
CONSTANT=FLUX=NMF FI0h o« « ¢« o « o« « o« 0.0 0.0 0.0
SFEPAGF 4 o o o o« o o o a o » o o« = =« o« U0 0.0 0.0
RAINFAIL & ¢ 4 e o o o o o o a o o « » o 0.0 0. 0 0.0
NUMFRICAL LOSS3FSe o o o o o o o o o o « Ua®733C-02 0.0 0.0
NFT FIOWea ¢ o o o o « o o o o o 2 o o« = 0.10550-01 0.0 0.0
INCREASE IN VOILUMETRIC wATFR CONIENT. o 0.0 V.0 0.36770 CS

1341
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INPUT TARLF 10.. TRANSIFNT B.C. PARAMETERS

NUMBFR (F HBOUNFCARY CONDITICAS o o o o o
NUMBFR OF SURFACE TERMS . o o o o o o &
NUMAFR (OF RAINFALL PROFILFS o o o o o &
NUMRFR 0OF RATNFALL PARAMETFRS o o o o
NUMBER NF RAINFALL-SFEPAGE ELEMENTS « <
NUMRFR [F RATNFAL L-SEEPACE NCOES. « - »

~~wnNNOoOwWm

——

INPUT TaBLF 11.. RAINFAIL [CATA

PROF 11 F 1
TIMF RATF
0.0 €.00C0N-C3
166200 04 5.0000N-02
PROF Tt F 2
TIMF RATE
0e0 C.0
1.66200 G4 C.0

INPUT TABILF 17.. RAINFALL DISTRIBRLTIIUN ANW PONDING

NOIDE TYPF DEPTH
R4 ? 0.C
98 ? 0.C
112 ‘ N.C

126 2 0.0
140 2 0.C
154 ? 0.0
168 2 0.C
182 2 0.C
327 1 0.0
336 1 0.0
150 1 0.0
364 1 0.0
378 1 0.0
392 1 0.0
406 1 0.0
420 1 0.0
434 1 0.0

INPUT TABLE 13.. RAINFALL~-SEEFAGE SULKRFACLE INFURMATICA

FILLFMENT  NODE 1 NODFE 2

65 70 84
4 f4 S8
91 48 112
104 112 126
117 126 140
130 140 154
143 154 163
156 1638 187
169 162 166
299 322 336
112 316 350
325 350 364
3134 364 378
351 378 362
364 362 406
317 406 420
190 420 434

INPUT TARLF l4e. ROLNDARY CONCITICNS OF FURM H=88B

NODE BB
14 0.5000D 01
28 0.50000 01
42 0.50000 01
56 0.5CCOD 01

70 3.50000 01
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DITAGNQOSTIC TABLF Zee AT TINME = 1.0000D-UL

TARLF NF TTFRATIVE PARAMETERS

ITFRATINON RFSIDUAL DEVIATION
1 C.10C0ON 03 CelUuub 01
? C.2906D C1 C.63230-01
3 €C.2571D CC C.0000L-02
4 €.2350Nn-C1 C.55190-03
5 C.9994D 072 Cen9%6 00 0V
-] C.51190~C4 Ca5130D-06

TARLE OF SYSTFM—F! 0w PARAMETERS

TYPE OF FIOW
CONSTANT=-PRFSSURF=NODF FILCW o o o« o« « »
CONSTANT=FLUX~NONF FLOW o o o o o o o o
SFFPAGFE o o o o o o o o o o s o o » o @
RAINFAILl o & &« o &
NUMFRTICAL 10SSFSe o o o o o o o o o o o
NFT FIUOWa o o o o o

INCRFASF IN VOLUMFORIC

® © o & a e 2 o e e o

WATFR CCNTENT. .
RAINFALL-SFFPAGF NCCAL FLCWS
0.1967D-01 0.1481ND-02 ~Ce35660L-03
-0.1839H-01 -0.1742n-01 -0.14730-01
-C0.5786D-07

«lULELT = 1.,00000-01)

Mo NCAN=-CCANV. NCDES

85
50
4
o]
85
o
RATE INC. FLOUW
U.8315C-01 0.8315C-02
0.0 0.0
0.21230-01 0e2123C-02
-0.11880 00 -0.1188L-01
0.474CC-02 0.4740C-03
—0.9644C-02 -0.9644C~-03
0V.904CC 00 0.9040C~-01
0.3046D-04 -0.37100-04
-0.13560-01 -0.127¢C-01

TOTAL FLOW
0.8315D-02
0.0
0.2123D-02
-0.1188D0-01
Ce47400-02
-0.96440-013
0.3577D 0%

-Ce 1396004
-0.12210-01

0.2712D-04
~-0.11850-01

C. 1906004
-C.11640-Cl

SPI
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NIAGNOSTIC TARLF Jee AT TIME = 2.5000D-01 J{OFELT = 1.5000C-01)

TABL F OF ITFRATIVE PARAMETERS

ITFRATICN RESICUAL PEVIATILUN Mo ACA-CCANV. NOCES
1 C.2982D CC C.29381-02 8
2 C.13480-C3 C.13550-05 0

TABL F OF SYSTEM-FLOW PAKAVMETERS

TYPF OF FIOW RATE INC. FLOW TOTAL FLOW
CONSTANT=PRFSSURE-NODE FLOW o o o o « o 0.8315C-01 0.12470-01 0.20790-01
CINSTANT=FLUX=NODF FICh o o o o o o o o 0.0 0.0 e0
SFEPAGF o o o a o o s = o« = o« o o « o o« Ua2114D-01 0.3177C-C2 0.53000-02
RAINFAIL o « « o o o o o« o o o o o a o « —0s14950 00 -0.2012C~01 -0e3169D-01
NUMFRICAL LNSSFSe o o o o o o o « o o« o 0.4745C-02 0s711702-03 C.1186D-C2
NFT FLUWe o o o o o = s o = s o o « « o —0.40410-01 -0e3794C~02 -0.47190-02
INCRFASFE IN VOLUMFTRIC WATER CCNTENT. . 0.9040C GO 0. 1356C GO 0.39770 0°S
RAINFALL -SFFPAGF NCCAL FLCWS
N.19660)-01 Cel431D-C2 -0.450650-03 0.40350-05 -0.33310-04 -G.39200-C5 0.24C1D-04 Ce21110-04
-0.19930-01 -C.21190-C1 -C.l8570-ul -0.17430-01 -0.1665C-01 -0.16120-01 -0s157¢D-C1 -C.15560-C1

-0.77460=-07

91
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NEAGNOSTYIC TARLF e AT TINME =

TABLE OF ITERATIVFE PARAME TERS

ITERATION RESICUAL
1 Ca4 2480 CC
2 C.36020-032

TABL £ OF SYSTFM—FLOW PAFAMETERS

TYPE OF FLNW

COANSTANT=-PRFSSULRF=NOLF FLCh
CONSTANT=FL UX-NUDF FLCh o« .
SFEPAGF 4 4 o o o o o o o »
RAINFAMIl o 4 4o 4 o v o o o o
NUMFRTCAL 10SSFSe & o o o &
NET FLIWe o o o o o a o o
INCRFASF IN VOILUMETRIC wATE

RAINFAL L-SFFPAGF NCDAL FLCwS

0. 19660-01 Cal4790-C?

-Na22120-01 -C.26629)-01
-0.1057n-C1

4.7500L-01

DeVIATION
C.llv20-01
Ce3636D-05

CCNIENT. o

~Ce30h4D-u3
-C.26410u-01

HADELT = 2.2500C-01)

Mo NCAN-CCAV. NODES

RATE
v.8315C-01
0.0
0.2123C-01

=U.1934C 00
U.4758C-02
-U.842¢60D-01
V.904CC 00

0.4005C-04
-0.2301C-01

9
0

INC. FLCW
0.1871C-C1
0.0
0e4T767C-02

-0.3857C-01
0e.l070C-02
~0.1403C-C1
0.2034C CO

~0.2603C-04
~0.22250-01

TOTAL FLOW
0.39490-01
0.0
C.10C7D-01
-0.7056D-01
0.2255D-02
-0.1875D-01
0.39710 Q¢

C.6003D-06

-0.21740-01

-0.214CD-01

C.231CD-C4

-Cs21200~01

AR Rd AARAS LA LS L AL L R AL Rl RAL AR RRA ] A il I R R R R Rl sy R R Yy N N R N I R Irm ™

NDTAGNOSTIC TARIF See AT TIME =

TABI F NF ITFRATIVFE PARAMETERC

ITFRATION RESICUAL
3 C.59CaN CC
2 C.9615D-C3

TARL F OF SYSTFM—FLOW PAKANMFTFRS

TYPF IF Fl UW
CUNSTAMNT-PRFSSURF=NUDF FICw
CONSTANT-FLUX=-NODF FLOW . .
SEEPAGE o 4 o o o o o o o «
RAINFAIL o o o o o o o o o &
NUMFRICAL LNSSFS. . o & o &
NET FIOWe o o o ¢ o o @
INCRFASF IN VOLWMETRIC
RAINFAI L -SEFPAGF NODAL FL{WS
Ce1966N~-01 O.1448N=-02
-0.2516N=-01} -0.34250-C1
-0.14540-C1

WATER

B.12500-01

DEVIATIUN
Coeta4l-0l
Ca5704D-05

CONTENT.

-0.4u910-03
-C.31880-01

dlUELT = 3,3750C-011)

Mo NCA-CCAV. NCDES

RATE
U.8315C-01
V.0
0.2118D-01

-0.2554C CU
Ue.4763L-02

e o o «=0,1463D 00

0.90410C 00

0.2963N-04
-0.30840-01

9
o]

INC. FLMW
0.28060C-C1
0.0
0.7157C~-02

-0.7573C-01
Cel6070-02

-0.3890C-01
0.3051C 00

-0.2264D-04
~0.30130-01

TOTAL FLOW
0.6756D0-C1
0.0
0.17220-01

-0.1463D 0C
0.38620-02

-0.5765D-01
0.39770 05

0.40270-05

-C.29650-01

0.20175D-C4
~-0.29330-01

0.2443D-04
~Le2915D-C1

Lyl
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NIAGNOSTIC TABLE 6ee AT TIMF =

TABILF OF ITFRATIVF PARAMETERS

TTFRATION RFSIDUAL
1 C.79C3D0 CC
? C.25090-C2

TABL F OF SYSTEM-FLOW PARANMETERS

TYPF OF FLOW
CONSTANT-PRESSURF-NODE FLCW
CONSTANT-FLUX~NODF FLOW . &
SEFPAGF o 2 o o o o o o = =
RAINFAILe o« o o o o o o o «
NUMFRITAL tNDSSFSe o o = « »
NFET FIOW. o o o o o

INCRFASF IN VOLWETIRIC

-

RAINFAIL 1 —SFEPAGE NCLAL FI UwS

0.1966N-01 C.la810-C2
=-0.729200-01 -Ce44560D-0C1
-0.1961D-01

KEOFREKTFQOPON F QIO R QR AR KX AKX KX DF K AR P RGO KRR ARG ARG OO X H O AN XA KO O XN POOX QLT X AR A AU KK A DR AKX QOOA KUK IOO KO KK EOHOEI AN L 00O %300 Q0% %O

NIAGNOSTYIC TARLF Tee AT TIVMF =

TARL E UF ITFRATIVF PARAME TERS

TTFRATION RFSICUAL
1 c.10¢5h C1
2 Ce6232N-C2

TAALF NF SYSTFM—FLOW PARAMFTIERS

TYPE OF FLOW
CONSTART=-PRFSSURE-NONFE FLCW
CNANSTANT-FLUX=NNDE FLMh o .
SFEPAGE o o o a a ¢ o o o o
RAINFAIL e o o o o o o o « =
NUMERICAL INSSESe o o o o o
NET FIOWe o o o o o o =
INCRFASF IN VOLIMETRIC
RAINFALL-SFFPAGF NCRAL FLCWS
Q. 19640-01 Cel454D-C2
-0.3425N0-01 ~Ce57620~-C1

-0.26730-01

wWATFR

1.31880 00

DEVIATIUN
C.6353D-01
Ce25680D-04

.

.
(Y
[y
.
DY

WATFR CUNTeENT. o

-C.34740-03
-C.42380-01

2.L7810L 00

DEVIATION
Ca§5080-01
Ce 6445004

CONTENT. o

-Ce38920-03
=-0.55700-01

WUELT =

5.0625C-01)

M. MCA-CCAV. NGDES

RATE
0.8315C-01
0.0
0.2124D-01

-0.33890 00
0.4756C-C2
-0.22698C 00
0.9041LC 00

0449090D~04
—0.4143D0-01

«lUELT =

9
0

INC. FLOW
0.42090-01
0.0
0. 1074C-01

-0.1504C 00
0.24100-02
-0.95190-01
0.4577C CO

-0.1942D-04
-0.4075C-01

7.5937C-01)

MNC. NCA-CCOAVL NUGDES

RATE
0.83150-01
0.0
0.21160-01

-0.444S0 00
Ua4727C~-02
-J«3358C 00
0.9041C 00

0.4144N-04
-0.54850-01

9
Q

INCs FLCW
0.63140-01
0.0
0.1611C-01

-0.2976C 00
C.3601C-02
-0.21480 00
0.6866C 00

-0.1754C~-04
-0.5426C0-01

TOTAL FLOW
0.10960 0OC
0.0
0.2796D-01
-0.29670 0OC
0.6272D0-02
—-0.1528D 0OC
0.3977D 0¢

C.6618N—-05

-0.4035D-01

TOTAL FLOW
0.17280 0¢C
0.0
0.4407D-01
~0.5943D 0C
C.98720-02
-0.3676D 0C
0.3977D 05

0.83270-05
~0.53900-01

0.20C5D0-04
~0.40C5D0-01

0.194CD~04%
-0.53650-01

C.2513D-04
-.39880-Cl1

Ce25590-04
-C.%3500-01

81
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NTAGNOSTIC TABLF €ee AT TIME =

TABLF OF TYFRATIVE PARAMFETERS

ITFRATIUN RFSIDUAL
1 Ca11650 C}
2 C.14320-C1

TARL £ OF SYSTFM-FLOW PARAMETFKS

TYPF OF FLOW
CUNSTANT-PRFSSURE-NODF FLChw
CUNSTANT=FLUX-NODF FiLCw o «
SEFPAGF 4@ 4 o o o o o a o o
RAINFALL. 2o o o o o a o o =
NUMFRICAL LOSSES: o o o o @
NET Fl{iWe o« o o o o @

INCRFASF IN VDILUMETRIC

WATER
RAINFALL—SFFPAGF NAOLAL F1LCwS
0.1963N-01 C.1481D-C2

—0.3995D-01 -C.72510-C1
-0.3450N-01

AR R R KT RS R AN KRR S KR XA TR R AR IR ERE RN B R XD TS R A A R AR NS UK R A RT R AR R ARSI A SRR AR KR RSN Ik Ak kb a s bk xk kg k kR bR

NTIAGNOSTIC TYABLF Ge. AT TIME =

TABLE OF TTFRATIVF PARAMFTERS

ITFRATION RFSTNUAL
1 C.13160 01
2 C.29780n-C1

TARLE NF SYSTFM—FL NwW PARANMETERS

TYPE OF FLOW
CONSTANT-PRFSSULRF-NONF FLChw
CONSTANT-FLUX-NODE FLCh o
SFFPAGE o« o o o ¢ o o o = =
RAINFALL. o o o ¢ o o o o =
NUMFRICAL FOSSES:e o o o o &«
NFT FICWa o o o o o =
INCRFASF IN VOLUMFTRIC

WATER
RAINFAI L-SEFPAGE NOCAL FLCwS
0.19610-01 C.14550-C?

-0a4547D-01 ~(.8694D-0C1
—Ca42050-01

3.21720 0V L(UELT =

NEviaTtun Ao NCA-CCAV. NODFS
C.1214D VO 17
C.125000-03 (¢}

RATE INC. FLOW
e o = o o « U.8315C0-01 0.9471C-C1
e + o o o » U.0 0.0
e e o o « & UL21220-01 0.2416€-01
e e o s o 2 —0D.56570 CO -0.57560 CO
e o s o o o U.h664C-0Q2 D.5%349C-02
e e @« o o s =U.45a70 QO -0.4513C 00
CONTENT. o 0.9041C 0O 0.1030C Cl1
~Ce0%020-03 0.55970~04 =0.1575C-04
-0.708%0-01 -0.70180-01 -0.0971C-01

4.692580 00 JUDELT =

l.1291C 00)

1.7086C 00)

NEVIATION NCo NCN-CCAV. NCDES

016370 VO
Ce3l61D-03

RATE
0.8314C-01
e« o o o o o 0.0
0.2117C-01
e o o o » o —-0,683CC 00
J.4568C-02

e = + o & —0457410 GO
CONTENT. . 090410 00

~-C.37410-03
~C.385640~01

0.48910-04
-0.85040-01

18
0

INCs FLCW
0.1421C 00
0.0
0.3622C-01

-0.1067C 0Ol
0.7887C-02
-0.8806C 0O
0.1545C Gl

~0.14400-04
~0.84670-01

TOTAL FLOW
0.2675D0 0C
0.0
U0.68230~01
-C.117CD Q1
C.1522D~01
-0.81850 0¢C
0.3%770 05

0.6614D-05
-C.69380-01

TOTAL FLOW
0.4096D 0OC
0.0
0.1044D 00
-0.22370 01
0.23110~01
-0.1659D 01
0.3977D0 ¢S

C.10200~-04
-C.84400-C1

0.1883D-C4
-0.65170-01

0.1836D-04
-0.8423D-C1

Ce6020-04

~C.569050-01

Ce26370-C4
~C.8413D~01

(41
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DIAGNASTIC TARLF 1Cas AT TIMF = 7448870 00 «{UELT = 2.,5629C CO)

TARBLE CF TTFRATIVF PARAMFTFRS

ITFRATION RESICUAL DEVIATIUN M. NCM-CCAV. NODES
1 0.13750 (1 C.20540 0OU 26
? €.55780-C1 Ceb00U7D=-0% 0

TABLF OF SYSTEM~FLOW PAPAMETERS

TYPF OF Fi.NW RATE INC. FLCwW TOTAL FLOW
COAINSTANT=PRFESSLRF-NINDE FICW « o« « =« « o 0.8314C-01 0e2131D 00 0.62260 CC
CONSTANT-FLUX=NODF FLCh « « o« o o « o« » 040 0.0 0.0
SFFPAGE 2 o o o o 4 o o o o o o« » = o« « 0.21160-01 0.5428C-01 0.1587D0 00
RAINFALL o o o o a o o o o o o o « o » o« —0.7728D 00 ~-0.1865C 01 -0.4102D0 01
NUMERTICAL 1NSSFSe 4 4 4 @ o o o o = = o U446CC-02 0e.1157C-C1 0.34680-C1
NET FLOWS =« o o o a 2 o o« o o o « =« o o —Da664CLC 00 -0.1%86C 01 -C.3286D C1
INCRFASF IN VOLIMFTRIC WATFR CONTENT. o U.9041C CO 0.2317C 01 0.39780 CS
RAINFAILI -SFFEPAGE NCODAL FLCWS
0.1959N-G1 0.14780-C2 —Ce33430-03 0.6137C-04 ~-0.1282D-04 Cel043N-u4 0.18C3D-C4 C.26580~04
-0.49800-01 -C.9795Nn~-01 —C.Y094U~01 -0.66420-0) ~0.9612C-01 ~C.95900~-01 ~0.957€¢D-C1 -€.95680-01

—0.47830-C1
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STAGNOSTIC TARLF 7Cee AT TIME = 1.04430D 04 +(DELY = 2.,0000C 02)

FTARLF OF ITFRATIVE PARAMFTERS

ITFRATINN RFSIDUAL ODEVIATIUN ACo NCMN-CCNV. NGDES
1 C.24841) CC Ce87250D-01 26
2 C.1786D0-C3 Cel249D-03 0

TABELF F SYSTFM—F{ Dwh PARAMETERS

TYPF (JF FIDW RATE INC. FLCW TOTAL FLOW
CONSTANT-PRFSSURE-NUDE FICh « o« « o « o 0a19C3C 00 0.3806C C2 0.16200 04
CONSTANT=FLUX=NODF FLCh ¢ o o o o« o « « Ua0 0.0 0.0
SFFPAGF o & o o ¢ o 2 s o o« o o o o« = o Ual44lD 00 0.2880C G2 C.9951D 03
RATINFAIl @ o o o o o o o o » o o« « « o « —0.338C0 CO -0.6508C G2 -0.52590 C4
NUMFRTCAL 10SSESe o o o o o o o o « « o 0a41136C-01 0.2280C 01 0.79930 02
NFT FICWa o o o = = o o « o« o « « « » « 0.775CC-02 0.4061C 01 -0.25640 04
INCRFASFE IN VOLUMFTRIC WATFR CCNIENT. o -U.9655C-04 -0.1931£-01 C.4313D0 0%
RAINFAIL —SFHPAGF NODAL HLCOWS
0.59170-01 Ca3744N-C1 Ce2515D=01 0.16430-01 0.555€C-02 Cs25940-03 -0.754€0—-C4 Ge5707D-05
-0.5G88N~-01 -C.6547D-01 —C.44050-01 ~0.35150-01 ~0.3215C~-01 -0.30100-01 ~0.28%4D0-01 -0.23200~-01

-0.13950-C1

1S1
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NTAGNOSYIC TABILF Tlee AT TIME = 1.006430 04

TARLE NOF ITFRATIVF PARAMFTFRS

ITFRATION RFSICUAL DEVIATION
1 C.24640 OC Ca94370-01
? C.181712D~C3 C.l17970-03

TARLF OF SYSTFM—FLOW PARAMETERS

TYPF OF FiNW

CONSTANT—PRFSSLRE-NOODF FLCW
CONSTART—FLUX=NODE FLCW . «
SEEPAGE o o o o o o o « o o
RAINFAIl e o o o o o ¢ o o &«
NUMERTCAL 1NSSFSe o o o o o
NFT FLNWe o o o o o - e« o o o
INCRFASF TN VOLUMFTRIC WATER CCMNTENT. .

LR S S T
“ s 2 s 8
.

.

.

“ 2 s 4 e

RAINFALI —SFFPAGF NUOCAL FLCWS

0.5916ND~01 Ca37440-C1 Ca25100-01
~-C.6039N-01 -0.6485N-C1 ~0.45360-01
-0.10310-01

«LLELT = 2.0000C Q21}

Mla ANCAN-CCAV. NODES

RATE
0.19C3C 00
0.0
0.1l43SC 00

-0.3131iD 00
U.l141C-01
V.32560-01
0.938€C-C4

0.1639D-01
-0.35130-01

26
(¢}

INC. FLCW
0.38060 02
0.0
0.2880C 02

-0.6511C €2
0.2280C C}
0.4035C 01
0.1877D-01

0.55380-02
-0.2857C-01

TOTAL FLOW

0.16580
0.0
C.10240
-0.53240
0.82210
-0.2560D
0.4313D

04

04
04
Q2
04
s

C.2582D-03
-Ce24710-C1

-0.7111D0~-C4 Cela420-04
-0.2223D0-01 -C.20%60-01

TSI
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OUTPUT



NDUTPUT TARLF l.. PRESSURE HEANDS

NODF 1

4133

PRESSURE HEAD

1.51620 02
3. 52080 Ci
1.17300 €2
1.87810 Cl
B. T446D C1
8. 19740 CO
6.2719D 01
1.62540) €2
4.43620 C1
1.726510 C2
1.61C90 01
r.95220 C1
?.2356D0 CO
5.32530 1
1.7245D €2
Z.4857N C1
1.2571ln C?
£.55880 €O
F.0B490 C1
—2.4R739N-C]
4435440 C1
1.84110 02
1.66890 C1
1.26700 €2
-3.5672H) CO
7.55620 C1
-1.61730 01
364540 Cl
2.05220 C2
1.0032D0 01
1.41600 C2
-1.22620 C1
8.80290 Cl1
-2.51600 CIl
4440030 C1
2.3136N0 C2
1.C4530 C1
1.5581d (2
-1.1096n C1
C.B80970H 01
-7.04200 00
5.66C50 C1
2.4911Nn (2
2.64670 C1
1.7239Nn 02
1. 19750 Cl1
1.172850 C?
1.8379D0 CO
6. 82740 C1
2.5919N C2?
3.5774D C1
1.79560 C2
1.37110h (1
1.17450 C2
2.C152D (O

NF NCDES

1.3273D0
2.618710
1.CCS40
1.2€540
7.2640D
5.CCCCO
5.€16a0
1.4475D
3.36570
1.0629D
8.5¢52D0
7.2828D
0.0
361100
1.48490
1.€CT50
1.C3220
4422680
6. 1EQSND
-l.832328C
3.0c¢840
+ 541D
1.€8C280
l.cc31e
-9,2549D
S.4712D
-2.13350
2.36120
1.6657D
-1.872170
1.12090
-1.65921D
6.4C830
-2.1713320
2.5€820
1.86650
-2.417880
1.22190
-1.6CS%D
T.72E460
-7.72860
3.6154D
2.C€6380
L. 817570
«36130
5.6478D
8. 78640
0.0
5.C142D
2.1644D
2.32650
1.4¢31D
65.5¢56D
5.2173C
0.0

AT TIME =

Toltleceaol+?

l.1662D 02
lab037D 01
4«5518D 01
H4.UbL6D OC
5.95%440 01
L.5/80D 02
J.uboll 01
127700 02
2446300 01
9.l0000 01
319890 00
2.7371C 01
la6v76D 02
?-{l66C 01
1.2574D 02
G.52930 00
4425070 01
L4627 0C
44.95483C 01
l.&1100 02
1.92910 01
la?6340 02
Bec2l0N=-01
7.68490 01
-1.3u750 01
3.7ul60 01
1497790 02
Lla0l3lu 01
1.37320 02
-la1377u 01
de 56950 01
~2.42820 01
4032040 Q1
2.25%480 02
9.98210 00
153040 02
-1.27870 01
Yal1470 01
~2.4840D 01
2.137Tsu 01
24499080 02
2.52980 01
l.6311lUL 02
1.0719D 01
l-10i8U 02
l.6748C 00
6.65270 01
221710 02
3.50940 01
l.78661) 02
1.35440 01
l.1717u 02
2.0081D0 00
7.u3830 01

1.0643LC C4

W{CELT =

1.0029¢C 02
l.2582C 01
7.11530 01
5.0000r 00
4.7373C 01
1.3997C 02
2.88470C 01
l.1148C 02
1.651¢C 01
T.7C18C 01
0.0
4.3292C 01
1.4732C 02
1.7642C 01
1.043¢D 02
4.84850 00
6.3841C 01
0.0
3.2039C 01
1.52640 02
1.0879C 01
1.0089C 02
-4.4133C 00
5.6542C 01
~1.5024C 01
2.2178C 01
1.6354C 02
-l.1236C 00
1.0845C 02
-l.8468C 01
6.2507C 01
—~2.64760 01
2.51690 01
1.8551C 02
~2.5177C 00
1.20340 02
-2.0334C 01
6.71940 01
—Z«15540 01
3.3554D 01
2.0317C 02
1.4351C 01
1.3681C 02
5.0318C 00
8.52730 01
0.0
4,86800 01
2.1496C 02
2.27152C 01
1.4542C 02
6.50920 00
G.1614C 01
0.0
5.1416C 01

2.00C0CD 02).(BAND WIDTH = 31}
8.4904C 01 7.05960 01
8.0352C 00 5.0CCCD 00
5.79640 01 4.6C560 Ol
1.54368 C2 1.36520 02
3.6543C C1 2.7156D 01
1.228ZC C2 1.0€440 02
2.0316C Cl 1.3443C 01
9.61330 0Ol 8.17160 01
$.8417C 00 5.0CCCD 00
6.24370 01 4.86410 01
1.672CC €2 1.4629C 02
31.0832D0 C1 2.03270 01
1.2594D C2 1.05730 02
1.0501C C1 5.41380 00
B. 44660 C1 6.62710 01
1.7391C €O 0.0
4.75680 01 3.357CD 01
1.781€D C2 1.5117C 02
2.136C0 01 1.31420 01
1.26040 02 1.01530 02
4.43220 €O -3.4£980-01
7.810z0 ©1 5.82810 01

-7.956S$0 CO -9.81160 00
3.9403C Cl 2.51810 01
1.5015D 02 1.5731C 02
S.8024C CO —4.155CN-01
1.323€0 €2 1.04350 02

-1.020€C C1 -1.7C850 01
8.2921C 01 6.05550 01

-2.3113C C1 -2.52€8C 01
4.227¢0 01 2.47860 01
2.19120 C2 1.8C€20 02
5.85630 CO -2.82130 00
1.497€C C2 1.18020 02

-1.3142C Cl -2.07150 01
S.15610 01 6.64360 01

-2.50770 Cl -2.7C71LC 01
4.53070 C1 2.6€160 01
2.4163C C2 1.9€80D 02
1.9211C ¢l 8.05250 00
1.€525C C2 1.3188C 02
7.687SN CO 3.2564C 0OC
1.068¢5C C2 8.153G0 Ol
1.4777C CC 0.0
€.413€0C C1 4.65570 01
2.55650 G2 2.1288C 02
3.3976C C1 2.158S0 01
1.7716D c2 1.4353C 02
1.32270 01 6.33530 00
1.1632C C2 9.11260 01
1.980C0 CG 0.0
7.0157C Cl 5.1€380 01
2.6038C C2 2.17630 02
3.62660 Cl 2.365C0 Ol

S5.7482C (1
1.5230C Cc2
3.5517C C1
1.1934C C2
1.6284C C1
S«C3915C Cl
8433250 GO
6.82617C 01
l.64175C C2
3.66C10 C1
1.2632C C2
1.20740 C1
8467932C Cl
1.6855C CO
5.C06CC Cl1
1.752¢C C2
2.3095C C1
lecb82C C2
1.€2170 GO
7.5411C C1
-3.6043C CO
4..1558C (1l
1.8714C C2
«35C7C Ct
1.270SC C2
~-8.6464C CGC
7.95%8C Cl
~2.16171C (1
4.111CC C1
2.123€60 Q2
5.8973C CO
l.46C6C C2
—-1.29C3C C1
8.998CC Cl
-Z.5€34C (1
4.471GD C1
2.3675C C2
l.1446C C1
1.608CC (2
1.5715C-C1
1.C2810 C2
S.C351C-C1
6.CRRTIC Cl
2.53CCC C2
3.22217C (1
L.75C7D C2
1.2773C0 C1
l.1486C C2
1.51%520 CO
-€.5464C C1
2.60C8C C2
3.6163C Cl
1.79850 Q2
1.3743C C1

4.56590
1.34460
2.64100
1.02950
1.2961D
7.6313D
5.000CD
5.58070D
1.45430
2.55680D
1.07370
6.131CD
6.924 1D
0.0
3.6175D
1.49780
lo47420
1L.C23CO
2.6513D
599980
~5.36540
2.73060
1.55730
3.99580
9.97620
~1.49110
5.80530
-2.3911D
2443300
175290
-2 .44550
1.15270
-2.03390
6.53900
~2.78190D
2.6134D
1.53850
~1.611980
1.2733D
—4.72940
7.77320
0.0
4434650
2.1022D
2.07480
1.4183¢C
6.0967D
8.9794D
0.0
5410950
2.1733D
2435570
1.46610
6.62040D

¥S1



OUTPUT TARLF 2e

NODF T

TNTAL HFAD 0OF NODFES

1.51620
1.40210)
1.51950
1.37530
1.45695N
1. 35700
1.4897D
1.6254D
1.49360
1.6360D
lo444aTn
l.62 79D
1.4374D
1.6143D
1.72450
1.64730N
1.74200
1.75390
1.75660
1.87750
1. EQ65D
1.P4110D
1.51430
1. 86990
7.C1720
1.9164D
2.081330
2.C613D
2405220
7. 19650
2. 13880
7.3149N
2425910
2. 42340
239810
2.31360
754940
739630
2.71120
7e5214D
2.60460
2.6709D
749770
2.8270D
256760
7454%19D
2.6689D
799340
24181750
Z« 59190
7. PF36RD
2 «63430D
2.49592D
2471490
7.9951D

TNTAL

HEADS

1.51280
1.3€866D
1.4G6¢€90
1.2¢6410
L.47940
1.3¢CCn
1.46€450
1.62250
le4646ND
1.62270
1.42160
1.6C€50
1.5CC00
1.56€00
1.7214D
1.655CC
1.72130
1.7734D
1.7527D
1.e817D
1. 82840
1.83G7C
l.G4150
1.8714D
2403340
1.¢2810
2.CE660
2.CETLD
2.C530
2.21400
2.15840
2.32560
2.2883D0
2.4267D
2.42650
2.32C6D
2.57710
2.4286D
2.7248D
2.5¢820
2.62260
2.72710
?+5C64D
2.881R0
2.568C0
2.61220
2.7184D
3.0C00C
2.83700
2.6C100
2.62650D
2. €€5SD
2.GELTD
276150
2,00CCD

Al TliMe

1.06430 C4

Tel+lecacaals?

1.90370
1.37390
lLe4bu2D
1.35%60
1.45790
1l.57800
l.43660
1.61450D
1a43390D
1.60930
L.40703D
1.58240U
l.69760
l.28320
171490
1a06740D
1.71930
l.78%00D
1.7%580
L.81100
1.85320
L.83680
La90500
1.874810
2.U4%20
l.9060340
197790
Zal1U3D
2.1}04d5U
222160
2.18190
2433220
2.31760
2.245480
2.451750
2433970
2.5981l0
2e4t780
2.7200uU
2.61860
2.45980
2.74d500
2492990
2492930
Lab4l2D
2.99170
2.77010L
2.97710
2.8850U
2.62530
2495750
2.71210
2.99510
2.0uB6D

»IDELT =

le4904C
1.3€33D
1.46150
1.3500T
1.0362C
1.5747¢C
le4135C
1.6023C
1.40270
1.5843C
1.40C0C
1.556SC
1.66G43C
1.5783C
1.7003C
1.6808C
1.7089D0
1.30000
1.76750
l.8091C
1.8789C
1.3348C
1.98310
1.8923C
2.3498C
1.9920°C
1.97960D
2.1291C
2.C797C
2.2374¢C
2.20840
2.33520
2+3450D
2+.2609C
2.4804C
2.3618LC
2.61360
2.5117C
2.71245C
2.6711C
2.4683C
2.84270C
2.5649C
2.96600
2.6925C
3.0000C
2.8224C
2.2861C
2.9217C
2.6609C
2.98C8C
2.75890
3.00000C
2.853710

l.474CC
1.35540
1.4421D
1.543¢C
1.415¢0
1.56517C
1.3907C
1.5863C
1.37340
1.5536C
la672CC
1.5327C
1.6853C
1.581CD
1.€85CD
1.69240
1.7036D
l.7815C
l.78¢1C
1.80423C
1.50490
1.8368D
1.695¢«C
1.5142D
1.601C
2.C19EC
1.6854C
2.1431C
2410040
2424390
2.23520
2.1913C
2436910
2.2T7€C
Z44984C
2.4022C
2462420
2+55780
24416720
2.72428
2449120
2.894C0
2.6088C
2498980
274620
2.556 %0
2.8T1ED
2.€1040
2.G65440
2.703¢&D
2+99480
2.8064LC
24 €03EC
2.895C0

2.0000C C2)« {EANT wiIDTH

= 31)

l.456C0
1.35C00
1.42210
1.5402C
1.3%660
1.55150
1.37190
1.5€720
1.35000
1.52270
1.6¢870
1.51250
1.67170
1.58780
1.66510
1.7C0CC
1.7C¢CD
1.7790C
1.81030
1.766C0
1.925%51¢0
1.84560
2.0C18C
1.94130
1.8C2CC
2.0436D
1.96¢€3D
2.152%50
2.124E€0
2.2469C
2+2€040
2.1G66F0
2.3890C
2.3(23D
2.51110
2.44CCO
2.62930D
2.6C38D
2442450
277480
2.52550
2.94830
2.65GSCC
3.0coce
2.8C110
245€540
2.9141D
2.64€6C0
291510
2.7%1G6C
3.0CccCC
2.85200
2.6128C
2.93C7C

"la4373C

1L.523CC
l.4052C
l.53CsC
1.38C3C
1.5342C
1.3583¢C
1.5452¢C
l.64176C
1.5032¢C
1.65S57C
l.5¢CsC
1.6545C
1.59450
1.65540
1.7526C
l.71¢€5C
1.77260C
1. 83460
la 79€¢CC
1.5138sC
1.8627C
l.8714C
1.66S7D
1.5033¢C
2.C626C
2.C133C
2.1583C
2.15CSC
2.1236C
2.2823¢C
2.21CSC
2440460
2.3325C
2.518¢C
2.4788C
2.367%5C
2.6465C
2.4468C
2.8231C
2.568¢C
2.984CC
2.71317C
2.53CCC
2+8543C
2.5855C
2.945€C
2.68S3C
2.9942C
2.7995€C
24.6CCEC
2. 8S31C
2.6373C
2.6587¢C

1.41910
1.51960
1.38919
1.5170Q0
1.3671D
1.51320
1.35000
1.52060
1464470
1.473C0
1.64580
1.49620
163470
1.60C00
L-64730
1.74970
1.73390
1.76430
1.85630
1.79870
1.9463D
1.88670D
1.8708D
1.99570
1.90820
2.0756D
2.03570
2.16090
2.175CD
2.12790
2.30050D
2423250
2441620
2436540
2.52180
2451610
2.3754D
2.6841D
2.48000
2486840
2.6176D
3.00000
2.77020
2453880
2.8017D
2462510
2.976170
2.737170
3.00800
2.84650D
2460950
2.9298D
2.6728D
293190

GST
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NUTPUT TARLF 3.. WATFR CONTENTS AT TIME = 1,0643C C4 L{CELT = 2.0000D 02),(BAND WIDTH = 31)

NLDES
1 2 3 4

FLEMFNT 2222 2 S ST SRS A2 22 2R 22 22232332 R AR AR R R s
1 2.59510D-C1 2.66510~-C1 2.99510-01 245951€-01
2 7.9951D~-C1 2.6651M"=-C1 2.99500-01 2.5950C-01
3 Z2.9980N-C1 2.568CC-C1 Ze99500~01 2.65500-01
4 2.5950n=-C1 Z2.955CD-(C1 249892001 2.5890C-01
5 2.G8S0N~-C1 2.GE520-C1 2.98350-01 2.68320-01
6 ?.668320-C1 2.6E€350-C1 2.97820-01 2.5780C-01
7 2.97800~C1 2.51820-C1 2.97110-01 2.67070-01
8 2.57070-C1 2.971106-01 2.96050-01 2.96020-01
9 ?2.96020-C1 2.5€6C50-C1 2.9514LC-01 2.99120-01
10 2.65120-C1 2.65140=-C1 2.9438D-01 2.5436C-01
11 2.64360-C1 2.64380-C1 2.9377V-01 2.6376C-01
12 2.6376N-C1 2.62717C-C1 2.9331D0-01 2.5330€-01
13 ?2.9330D-C1 2.52310-C1 2.93000U-01 2+5$3000-01
14 2.99510-C1 2.66510-C1 249951D-01 2.99510-01
15 2.99510-C1 2.66510-C1 2.9951D-01 2.5950D0-01
16 Z2.9950N-C1 2.G6651D-C1 2.99500-01 2.99500-01
17 2.8950n-C1 2.66500-C1 2.95000-01 2.6892C-01
18 ?2.S8920~-C1 2.86CC0-C1 2.58420-01 2.5835C-01
19 2.6835n-C1 2.58420D-C1 2.97880-01 2.5782C-01
20 2.97820-C1 2.5788D-C1 2.9724D-01 2.57110-01
21 z.G711h-C1 2.5724N-C1 2.9615D-C1 2.9605C~-01
22 2.56050-C1 2.€6150-C1 2495220-01 2.9514C-01
23 2.9514h=-C1 2.65220-01 2494430-01 2.9438C-01
24 2.5438D-C1 2.54430-01 249380D-01 2.5377C-01
?5 2.53711D-C1 2.538C0-C1 2.93320-01 2.5331C-01
26 2.53310-C1 2.6332D0-C1 2.93000-01 2.63C0C-01
27 7.59510-C1 2.66520-C1 2499510~-01 2.9951C-01
28 2.9951n-C1 2.6691D-C1 2.99510-01 2.99510-01
29 7.5951n-C1 2.66510~-C1 2499900~01 2.9650C-01
30 2.9950D-Ct 2.565G0-C1 2.9914D-01 2.9900C-01
% ?2.9500D-C1 2.695140-01 2.98550-01 2.9842C-01
32 ?.5842D-C1 2.5E8550-C1 2.98010-01 2.51788D-01
33 2.9788n-C1 2.9€C1D-C1 2.97510-01 2.57240-01
14 2.5724D-C1 2.5751D~-C1 2.96390-01 2.5615C-01
a5 ?.96150-C1 2.5€35D-01 2+95380~-01 2.9522C-01
16 2.9522n-C1 ?.55380-01 2.94530~01 2.9443C-01
37 2.9443D-C1 2464530-C1 2.93840-01 2.6380C-01
38 2.9380n-C1 2.63840~-C1 2.9333D-01 2.9332C-01
39 2.9332n-C1 2.62330-C1 2.93000-01 2.93000-01
40 ?2.6952D-C1 2.6652n~-C1 2.99510-01 2.5951C-01
41 2.4951h~C1 2.66510-C1 2.9921D-01 2.5651C-01
4? 2.9951Dh~C1 2.6651D-C1 2.99500~01 2.6650C-01
43 7.9950N-C1 2.6550D-C1 2e99350-01 2.5514C-01
44 2.99140-C1 2.5535D0-C1 2.98770-01 2498550-01
45 7.9855N-Cl 2.5€E770-C1 2.9823D0-01 2.68C1C-01
46 2.5801N0-C1 2.6€230C-01 2.97730-01 2.6151C-01
47 2.57510-01 2.5113n0-C1 2496940D-01 2.5€36C-01
48 7. 56639N—-(C1 ?.6€640D-C1 2.95900-01 246538C-01
49 2.9538D-C1 2.659CN-0C1 2.94960-01 243453C-01
S0 Z9453D-C1 2.54960-C1 2.94150-01 2.6384C-01
51 7.5384DN-C1 2.64150-C1 2+93480-01 2.5333C-01
52 2.93330-C1 2.534€D-C1 2.9500D-01 2.53000-01
53 2.9952D0-C1 2.9652D0-C1 2.99510-01 2.9851C-01
54 2.9951D-C1 2.S6510=C1 2499510~01 2.9651C-01
55 7.9951D-C1 2.56510-C1 2.99500-01 2.5$500-01
56 2.9950N-C1 2.66¢5CH-C1 2499210-01 249935€-01



7. 689350~C1
2.5811h-C1
7.58230-C1
2.97730-C1
7+56940-C1
?2.9550N-C1
2.G456ND-C1
7.54150-C1
2.6348N-C1
?2.6952N~C)
¢+99510-C1
Z.9951D-C1
Z.59500-C1
2.9921N-01
7. 5858D0-C1
2.5800N-C1
2.G739n-C1
2.66160-C1
2.95060-C1
2.64110-C1
7.5336N-C1
?.92820h-C1
7.9952D-C1
2.9951N-C1
2.686910-C1
2.5950N~C1
?.99080-C1
7.9841D0-C1
2.G779N~C1
2. S6830-C1
2.6558n-C1
Z454530-C1
2.93710-C1
2.93110h=-C1
248217170-C1
2.6952N-C1
2+99510-C1
2.5951N-C1
2.9950N—-C1
7.9897D-C1
7.98270-C1
2.9763N-C1
2.56410-C1
?.5522N-C1)
2.647260-C1
2.93550-C1
2.5304D=-C1
2.9270D-C1
?7.9957Nh—Cl
2.9951b-C1
2.5951D-C1
2.6950N-C1
7.94880~C1
2.G8150-C1
2.57150n-C1
?.96120-C1
?2.9499D-C1
2.94110-C1
2.6345ND-C1
2.52680-C1
2.62670-C1
2.99520h-C1
7.5951Dh-C1
7.9951N-C1
72.9950n~-C1
2.5880n-(C1

2.95210-C1
2.5€£580-C1
2.9800Nn-C1
2.67380~C1
2.5€16ND-C1
2.55C60~C1
2.54110-C1
2.52360-C1
2.52820-C1
2.556520~C1
2.65510~-C1
2.6%510~-C1
2.5650D-C1
2.56C8D-C1
?.98410-01
2.6773D~-C1
2.5€6830-C1
2.65580~-C1
2464530-C1
2.G2710~C1
2.62110-01
2.6212n-C1
2.56520-C1
2.55510-C1
249651D0-C1
2.56500-C1
2.5881n-C1
2.6€210-C1
2.61762D-C1
2.5¢410-0C1
2.6£220-C1
2.642¢60-C1
2.5355D-C1
2.5304D-C1
2.5217C0-C1
2.66520-C1
2.586510~C1
2.66510~-C1
7.85500-C1
2.G5€880-C1
2.5€150-Cl1
2.615C0-C1
2.%€12p-C1
2.54950~-C1
2.54110-C1
2.52450-C1
2.52G680-01
2.€2610-C1
?7.588520=-C1
2.6%510-C1
2.9651D-C1
2.665CN~-C1
2.988CD-C1
2.5805D-0G1
2.57260-C1
2.55sCO-C1
2.54810~-C1
2.62510-C1
2.62360-0C1
2.52920-01
2.62650-C)
2.66520-C1
2.65510-C1
7.9551D-Cl
2.665CD-C1
2.68730-C1
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2.58580-01
2.98000-01
2.97390-01
Z.9616u~-01
2.95060-01
2.94110-01
2e93306UL~01
2492820—01
2.92500-01
?2.99910-01
2.99510-C1
2.99500~C1
2.99080-01
2.98410-01
2497T790-01
2.96830-01
2495580-01
2.94530-01
2493710~-01
4+93110-01
2492720-01
2.92500-01
2.99510-01
2.9991U-01
2.99500-01
2.98970-01
2.98270-01
2.97630~01
2.9041D-01
2.95220-01
249426001
2.93550-01
2.93040-01
2.92700-01
2.492500~01
249951L-01
2+.%9951C-01
2.99500-01
7.98880-01
2.98150~01
2.97500-01
2.9012u-01
2e9499L~01
2.941106-01
2.93450-01
2.%298U-01
2+9267T0U~01
2.92500-01
2499510-01
2.99510-01
?2.99500~-01
2.98800-01
2.9805C-01
2.97260-01
2.9590D-01
2.9481D-01
2.93970-01
2+.93300-C1
2.92920-01
?2492650-01
2.92500-01
2.99510-01
24%99510-01
2.99500-01
2.98730-C1
2.91%970-01

2.9877C-01
2.5823C-01
2.67173C-01
2456540-01
2.9590C-01
2.94960-01
2.5415C-01
2.6348C-01
2.53C0C-01
2.9951C-01
2.99510-01
2.9950C-01
2.9921C-01
2.98580C-01
2.6800C-01
2.%739C-01
2.5616C-01
2.9506C-01
2.9411C-01
2.9336C-01
2.62820-01
2.5250C-01
2.99510-01
2.689510-01
2.$550€-01
2+5S08C-01
2.58410-01
2.3179D-01
2.9683C-01
2.9558L~01
2.9453(-01
2.5371C-01
2.5311D-01
2.92720-01
29250C-01
245551C-01
2.5951C-01
2469500-01
2.9897C-01
2.5827C-01
2.5763C-01
2.5641C-01
Z243522C-01
2.5426C-01
245355C-01
2.93C40-01
2.92700-01
2.92500-01
2.9951C-01
2.59510-01
2+5550C-01
2.5888C-01
2.5815C-01
2.57500-01
2.5612C-01
2.54590-01
2.S4110-01
2.9345C-01
2.5298C-01
2.9267C~-01
2.5250C-01
2.59510-01
2.5651C0-01
2.5950C-01
2.98800-01
2.58C5C-01



123
124
125
12¢
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
146
146
147
148
149
150
151
162
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183

186
186
187
188

72.68050=C1Y
2.9726N-C1
2.9990n~-C1
2.54R1D=-C1
2.9367-C1
s.G3360-C1
2.5292D-C1
7.5%2650-C1
2.5952n=C(1
7.5951N0-C1
2.9951N-C1
2.9950N-C1
7.6813N=(C1
2.5187Ih-(C1
2.5705N-C1
2.9570D-C1
?.64640=C1
2.62381Nn-C1
7.9320D=-C1
2.62110~-C1
2.62450-C1
2.5952n=-C1
Z2.59¢%10-C1
249951D-C1
7.55500-C1
7.98680-C1
2.9750N~-C1
2.6685N-C1
246551N=-r1
?2.6443D-C1
Z2.5359N-C1
2.62540-C1
2.6243N-C1
2.91 780 -t
7.99520~-C1
2.8951D-C1
7.66510-C1
2.5550D=-C1L
2.S58020~-C1}
2.6783D-C1
2.9666N0-C1
2.6528N-C1
2. 5417ND-(C1
2.63728N0=(C1
2.67258D-C1
2.5162D-C1
7.50810-C1
£.99520-C1
7.6951N0~C1
2.6981D~(1
2.68950n~C1
Z.98570-C(1
2.6776ND=C1
?.56440-~C1
2.95020~01
2.593850N-C1
2.9290D~(1
ZeSG179ND~C1
7.5065N~C1
2.8917TDh~-C1
7.8952n~C1
7.649520~C1
2.99%1D~C1
2.6949N~C1
Z2.6852N~C1
7.6769N~C1

2.51%70-C1
2.67CED-Q1
?.6879C0-C1
2.54640-C1
2.62810-C1
2.632C0-01
2.62110h-C1
2.9z4°0-C1
2.66520-C1
2.66510-C1
2.6651D~-C1
2.665CD-C1
2.6E680-C1
2.5979CC-C1
2.C€E50-C1
?.6551D-C1
2.54430-01
2.63590-C1
2.52940-C1
2.57430-C1
2.5118¢-C1
2.6582D-C1
2.596510-C1
2.G65651Nn-C1
2.665CH-C1
2.5€E62M-C1
2.67830-C1
2.5€66N-01
2.5€28E-C1
2.%41710-C1l
2.6228D-C1
2.672580-C1
2.616720-C1
2.5C510-C1
2.66520-C1
2.6651D-C1
2.G66510-C1
2.5650C-C1
2.G€570-C1
2.5176D-C1
2.6€440-C1
?.6€C2N-C1
2.62850-C1
2.62600-C1
2.5117160-C1
2.5C65N-C1
2.6671710-C1
2.55520-C1
2.6652C-C1
2.6¢¢10-C1
2.6646C-C1
2.58520-C1
2.61690-01
2.6€2CN-C1
2.54120-C1
2.%53480-C1
2.6242D-C1
?.6CT17D-C1
2.85040-Cl
2.81330-C1
2.668530-C1
2.655720-01
?.55510-C1
2.6650D=-C1
2.98680-C1
2.57820-C1
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2497050-01
2.9570D-01
2e94640~-01
2493810-01
2493200-01
2492170-01
249245001
2492130-01
2499510-01
2.99510-01
2499500-01
249868D0-01
?2e97900-01
2+96850-01
2.99310-01
2e94430-01
2.%3590-01
£.92940-01
2.92430-01
2.91780-01
2.91430-01
2.99910-01
2.99510-C1
2.99500-01
2.98020-01
2.497850-01
2.50660-01
2.95280-01
2.94170-01
2+.43280-01
2.9258C0-01
2.9162D~-01
2.90910~01
2.9u540-01
2.99510-01
249v510-01
2.99500-01
2.90570-01
2.97760-01
249644001
2.995020-01
2.93850-01
2.9290D-01
2.9179u-C1
2.90050~01
2.89770-01
2.88990-01
2.99520-01
2.99910-01
2.99490-01
2.48520-01
2.97690-01
2.96200-01
2.94720-01
2.9 3440-01
2.%92420-01
2.90770-01
2.89040-01
Z2.8733u~-01
2.nob4eliu-01
2.99520-01
2.99510-01
2+499500-01
2.98680-01
2.97320-01
2.96450-01

2.61260-01
2.9590C-01
2.94810-01
2.9397C-01
24%3360C-01
2.9262C-01
2+52650L-01
2.9250C-01
2.9551C-01
2.58510-01
2459500-01
2.6813C-01
245797C-01
2.9105C-01
2.9570C-01
2.5464C-01
2.5281C-01
2.9320C-01
2.627710-01
2.5245C-01
2.9213C-01
2.9951C-01
249951601
2.9950C-01
2.5868C-01
2.9790C-01
2.5685C-01
2.5551C-01
2454430-01
2.52590-01
249294C~01
2.9243C-01
2.61738C-01
2.5143C-01
2.8551C-01
2.5851M-01
2.9950C-01
2.5862€-01
2.67830-01
2.56660~01
2.9528C-01
2.9417C-01
2.9328C-01
2.5258C-01
2.5162C-01
2.9091C-01
2.9054C-01
2.5951C-01
2.56510-01
246550C-01
2.9857C-01
2.57176C-01
Z2eGE€44C-01
2.9502C-01
2.9285D-01
2.6290C-01
2.5179C-01
2.6065C-01
2.89717C-01
248899C-01
2.96520-01
2.9651C0-01
2.9949C-01
2.9852C0-01
2.5769C-01
2.5620C-01



2.56200-C1
2.941712D-C1
7.63480—C1
2.89242D-C1
2.G6N1MN-C1
2.8904n-C1
2.87330-C1
7.59530~-C1
7.G9¢%2h-C1
2.G951N-(1
2.9950n-01
2+6868N0-C}
2.57820-C1
2.5645N-CH
7-64R6D-C1
2.93510-C1
2.6228n-C1
?2.80460-C1
2.88170-C1
?.861330-C1
249953n-C1
2.69520-C1
Z46951N=-C1
72.5950n-C1
?.98820-C1
249792n-C1
2.5661D-C1
2.8463D-C1
2.93500-C1
7.92130-C1
2.90220-C1
7.87610-C1
2. 85750~
Z.6953n-C1
2.99520-C1
2.9951n-C1
729950D-C1
2.5883n-C1
7.9800N0-C1
2.%673D0-C1
?.54580-C1
2.63490-C1
2.9201Dh-C1
2.50050-C1
2.87190-C1
7.85290-C1
2.6953N-C1
2.6952n~C1
2.9951N-C1
2.9950h-C1
2.69620~-C1
2.89806N-C1
?.6682D~-Cl
2.950720-C1
2.93490-C1
2.S1530-C1
7.83840~-C1
7.8686N-C1
2.84R7TD-C1
2499530-C1
7.6952D-01
7.8951N-C1
2.5950N-C1
7.59100-Cl
?.9812n-C1
2.9690n-C1

2.5€450-C1
2.54860=-C1
2.6351n-C1
2.62280L-C1
2.6C46D-C1
2.EE171D0-C1
?.8€330-01
2.5653D-C1
2.56520-C1
2.55510-G1
2.565CNH-C1
2.58820h~-C1
2.571620~C1
2.66610~-C1
2.6493C-C1
2.535C0-C1
2.%2130-01
2.6C0220-01
2.87610-01
2.€8£750-C1
2.66530-C1
2.5652D-C1
2.5651D~-C1
2.66500-C1
2.5€8930-C1
2.6¢CCO—C1
2.5€730-C1
2.54580-C1
2.5346C-01
2.62C10~-01
2.6CC5D-C1
2.87190-01
2.85290-C1
2.56530-C1
2.5652D-C1
2.G6510-C1
2.665CNH-C1
2.56G20-C1
2.5€EC60-C1
2.5€820-C1
?.65C2N-C1
2.6349D0-C1
2.6183C-C1
2.8684D-01
2.E€686C-C1
2.8481D-C1
2.6653C-C1
2.66520-C1
2.65510-C1
24665CD-C1
2.66100-C1
2.58120-01
2.665CC-C1
2.565C60-C1
2.528CD~C1
2.651920-C1
2.8574D-C1
2.€€110-01
2.84450-01
?2.66530-C1
2.66520~C1
2.6651b~-C1
2.65510~C1
2.66160-01
2.58160-C1
2.6€6870-C1
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2.94860-01
2.93510~-01
2.%2280-01
2.904061~01
2.88170-01
2.86330U-01
2.8%440-01
2499520~C1
2.99510-C1
2.9%4500-01
2+93820-01
2497920-01
2.96611L-01
2.9493D~-01
2493500-01
2492130-01
2.90220~01
2.87610-01
2.85750-01
2.84750—-01
2.99520-01
2.99510-01
2+499500-01
2.98930-01
2.98000-01
2.%673D-01
2.94980-01
293490-01
2492010-01
2+90050-01
2.87L90L-01
2.85290-01
2.83820-C1
2.99520-01
2+499510-01
2.99500-01
2.99020-C1
2.9806D-01
2.96820-01
2+95020L-01
2.93490-01
2.91930-01
?2.8984D-01
2.86860-01
2.849870-01
2.83130-01
2.99520-01
2.99510-01
2.99500-01
2+99100-01
2.98120-01
2.96900-01
?2+495u060-01
2.93500-01
291920-01
2.89740-01
2.8071D-01
?.84490-01
2.82740-01
2.99%2C-01
2.99910-01
2.99510-0C1
2.99160~-01
2.98l60-01
2.90970-01
2.95110-01

249472L-01
2.5348C-01
2.9242C-01
2.S077C-01
2.8604C-01
2.8733C-01
2.8647C-01
2.9952C-01
2.9951C-01
2.9950C~-01
2.98680-01
2.5782C-01
2.5645C-01
2.5486C-01
2.5351C-01
2.9228D0-01
2.6046C-01
2.8817C-01
2.8€33C-01
2.8544D-01
2.99520-01
2.9951C-01
2.9950C-01
2.58820-01
2.57192D-01
2+9661C-01
2.9493C-01
2.9350C-01
2.6213C-01
2.3022C-01
2.8761C-01
2.85750~-01
2.84150-01
2.6552C-01
2.66510-01
2.595C0C-01
2.9893C-01
2.98C0C-01
2.5613C-01
249498C-01
2+6349C-01
2.5201C-01
2.50CS5C-01
2.87190-01
2.8529C-01
2.8382C-01
2.5652C-01
2.6651C-01
2.6550D-01
2.59020-01
2.9806C-01
2.6682C-01
2.95020-01
2.53490-01
2.91930-01
2.8984C-01
2.8686C-01
2.8487C-01
2.83130-01
2.56520-01
2.9951D0-01
2.9950C-01
2.9610C0-01
2.9812C-01
2.5¢90C~-01
2.9506C-01



755

7.6506D-C1
2.53500-C1
2.91920-C1
2.R974D-C1
2.8671N-C1
2. 8449D-C1
7.5953D0-C1
2.9992D-CY
7.9951D-C1
Z2.9951n-C1
2.66516N~-C1
2.6816N-C1
2.6697ND-C1
7.9511D=-C1
2+93550~-C1
2.6200D0-C1
7. 8989n=-C1
?.86870-C1
248494D-C1
2+ 9954D~-C1
Z.99520~-C1
2.59951D—-C1
7.9951N-Cl1
?2.9921D-C1
2.8819N-C1
2.67030-C1
2.6518D-C1
?.6364N-C1
7.927300-CY
2.907280-C1
2.E6736D-C1
2.8506N-C1
?.69540-C1
Z+99530~-C1
2.6552D-C1
2.599510D-C1
2.99420-C1
2.98410-C1
2+975%60-C1
2.6586D-C1
2.54420-C1
7.93310-C1
2.5292D0-C1
2.9155Nn-C1
2.61090-C1
7+5954N-C1
2.99%30-C1
2.99%20~-C1
2.99510-C1
7.99%0N~-C1
Ze9R6LIN-C1
2.58776D-C1
2.9642D-C1
2.95030~-C1
7.6399N-(C1
2463270~ C1
2.62€030-C1}
2.92590-C1
2.59%54D-C1
2.99530~C1
7.69520-C1
2.9951D-C1
7.69500N-C1
?.5817180-C1
2.9794N-C1
?.9685D-C1

2.5%110=C1
2.63550-C1
2.§2Cu0-01
?.86850~-C1
2.8€870-C1
2.£4G40C-01
2+5654D-C1
256520~ C1
2.66810-C1
2.66510-C1
7.9521C-C1
2.5€190-C1
2.57C30-C1
2.65180~01
2.5364D-C1
2.523CD~-C1
2.6C028D-C1
2.813¢D-C1
2.85CeN-C1
2.6654D-C1
2.6553D-C1
2.5552D-C1
2.66510-C1
2.66420-C1
2.58410-C1
2.61560-C1
2.9586C0-C1
2.54420-C1
2.6331v-01
2.62520-C1
7.61550-C1
7.61C80~-C1
24 66540-C1
2.9653D-C1
2.9652D-C1
2.55%51-C1
2.5665Cr=C1
2.5€61D-Cl
2.5716N~C1
2.5€420~01
2.55C3C-01
2.%359n-C1
2.53270-01
2.57830-C1
2.6256n-C1
2.6654L-C1
2.65530-C1
?.586520-C1
2.5651D-C1
2.555CH-11
2.5878C-C1
2.51540~-C1
?.5€850~Cl
7.55450-C1
2.%4380~C1
2.63570~-Q1
2.53000~C1
2.9265D~-C1
2.66540~C1
2495530~C1
2.66520-C1
2+G651D-C1
2.5556D-C1
?2.583910-01
2.G€ECTN-C1
2.57160-C1
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2.9325D-01
2.92000-01
?..89890-01
2.86870-01
LeB9940—-01
2.83340-01
2.99521~-01
2.99510D-01
2.99510-01
2499210-01
2.98190-01
2.97U30-01
2.95180-01
2a93640-01
29230D0-01
¢.90280-01
2.8736U-01
2.85060-01
2.82960-01
2.99530-01
26999520-C1
2.9951D0-C1
2.99420-01
2+98410-01
2.9756L~-01
2.9586U-01
?2e94420-01
2.93310-01
2.525220-01
2.91550-01
2491U9D-01
2.90950-01
2.9953D0~-01
2499920~-01
2.99510-01
2.99500~01
2.98610-01
2.9776u-01
2+96420U~01
2.95030-01
249399001
2.93270-01
249283 0-01
2.92590~-01
2.92500-01
2.99530-01
2.99520-01
2.99510-01
2.99500-01
2.9678D-01
2¢97940-01
2.96850-01
2.9%450-01
2.94380-01
2.93570~C1
2.93000-01
29265001
2.92500-C1
2.99530-01
2.9952D0-01
2.99510-01
2.99500-01
2.9891uU-01
2 .9807T0-01
2497160-01
2495721U-01

2.5250C-01
2.5192C-01
2.8974C~01
2.86710-01
2.8449C-01
2.8274C-01
2.9952L-01
2.5%951C-01
2.89510-01
249916C-01
2.9816C-01
2.6697C-01
2.5511C-01
2.53550-01
2.9200C-01
2.3989C-01
2.8687C-01
2.8494C-01
2.83340-01
2.65952C-01
2.9951C-01
2.9951C~-01
2.6921C-01
2.9819C-01
2.57030-01
2.5518C-01
2.53640-01
2.9230C-01
2.50280-01
2.8736C-01
2.85C6C-01
2.8296C-01
2.9953C~01
2.99520-01
249651C-01
249%42C-01
2.58410-01
2.5756D-01
2.95860-01
2.9442C-01
2.9331C-01
2.92%2C~01
2.51550-01
2.9109C-01
2.5C95C0-01
2.9953C-01
245552C-01
2.9651C-01
2.9950C-01
2.9861C-01
2.5176C~01
2.5642C-01
2.5503C-01
2.9399C-01
2.9327C-01
2.6283C-01
2.9259C-01
2.9250C~01
2.9653C-01
2.6952C0-01
2.56510-01
2.59500-01
2.9878C-01
245794C-01
2.56850-01
2.95450-0)



2.9545N-01
7.5438N-C1
2.6357h~C1
7.9300N=-C1
2.9265N=C1
2.5954D-C1
2.6953n-C1
7.5652N-C1
2.69510-C1
72.99500-C1
2.568G910-C1
7.98070-C1
Z.G5716N-C1
2.65720-C1
2.94570-01
2.59370n-C}
2.5306D-C1
2.6267N0-C1
7465540~ C1
2.9993h-0C1
7.99520-C1
2.69510-C1
245950N=-C1
2,59010~-C1
2.68160-C1
2.6737h=C1
2.55900n~C1
2.34700-C1
?2.9378D-C1
2.9311n0-C1
2.572680-C1
2.5954D~C1
7.69530-(1
?.9952n-C1
249951h-C1
2.69500-C1
2.55C9N-C1
?.9R8230-C1
2.67510-C1
2.9601D-C1
2.64780-01
Z2.63820h-Cl
2.53130-C1
2.92690-C1
2.9954h-C1
2.5953D-C1
2.99920-C1
2.9951N-C1
?2.9950n-C1
?2.99150-C1
2.5828Dh-C1
2.9754D-C1
?2.56080-C1
2.5483ID-C1
7.63850D~-C1
7.G6315D-C1
2.9270n=-C1
2.99540H-C1
2.9953n-C1
2469520-C1t
2.9951n-C1
7.89450n~C1
2.9918D~-C1
7.9831D-C1
2.675IN-C1
2.96120-C1

2.5€72D-C1
2.54570-C1
2.537CD-C1
2.53C60-Cl
2.62610~C1
2.95%40-C1
2.66530C~C1
24596920~ C1
2.66510-C1
?.588E5Ch-C1
2.9sC1h~-C1
2.G€160-C1
2.51317D-C1
2.656C0-C1
24543CC-C1
7.563780-C1
2.53110-C1
2.5268C~-01
2.66540-C1
2.5¢%30-C1
2.66520h-C1
2.5551D-C1
?.565CD-C1
2.5506h-C1
Z.58230-C1
2.67151D-C1
2.56C10-01
2.54780-C1
2.63€20-C1
2.62130-C1
2.62650-01
2.6554D-C1
2.56530~-C1
2.6652D0-C1
2.55510~-C1
2.595C0-C1
2.5615C-01
2.9R280-C1
2.6754D-C1
2.56080~-C1
2.5483C-C1
2.63850-C1
2.621¢50-01
2.627C0-C1
2.55540-C1
2.65530-C1
2.56520-C1
2.6551D-C1
2.555CD-C1
?.6¢180~C1
2.S€31D-C1
?.6751C-C1
2.9¢€120-C1
2.5486D-C|
2.<21870-C1
24631€60-C1
?.9217CD-C1
2.65540-C1
2.5953D-C1
2.5652D-C1
2.5551N-C1
2.5656D0-C1
2.685190-01
2.5832D-C1
2.671570-C1
2.5€130-C1
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2.94570-01
2.93700-01
2.93060-01
2.92670-01
2.92500-01t
2.99530-01
2.99520-01
2.99510-01
2.9950C-01
2.9901u-01
2.98l60-01
2.97370-01
2.95%00-01
2.94100-01
2.93180~-01
2.93110-01
2.92680—-01
2.92500-01
249993001
2.99520-01
2.%59510-01
2.99500-01
2.99090-01
2.98230-01
2.91510-01
2.9601D~01
2.94780-01
249382L-01
2.93130-01
2.92690-01
2.92500-01
2.99530-01
2.94520-01
2.99510—-01
2.59500~-01
2.99150-01
2.98280-01
2e97540~-01
2.96080~01
24494830-01
2.93850-01
2.93150-01
Z.9270D~01
2.9250£-01
2.99530-01
2.99520-01
2.99510-01
2.99500-01
Ze9918L~-01
2.98310-01
2.9757u-01
2.96120~-01
2.94360-01
2.93870-01
2.953160-01
2.92700-01
2.92500-01
2499530-01
2.99520-01
2.99510-01
2.99500-01
2.99190-01
2.98320—-C1
24915706-01
2.96130-01
2.%4b660U-01

2.5438C-01
2.5357C-01
2.9300C-01
2.5265C-01
2452500-01
2.6653C-01
2.9952C-01
2.5951C-01
245650C-01
2.98510-01
2.58070-01
245715C-01
2.9572C-01
2.5457C-01
2.5370C-01
2.3306C-01
2.5261C-01
2.5250C-01
245953C-01
2.9952C-01
2.5951C-01
2.5850C-01
2.99C1C-01
2.5816C-01
2.5727C-01
2.9590C-01
2.5470C-01
2.6378C-01
2.52110-01
24392680-01
2.9250C-01
2.5953C-01
2.5652C-01
2.59510-01
2.99500-01
2.9909C-01
2.5823C-01
2.5751C-01
2.56010-01
2.9478C-01
2.5382C-01
2.5313C-01
2.5269C~-01
2.5250C-01
2.99530-01
2.6652C-01
2.5651C-01
7.9550C-01
2.991¢€C-01
2.98280-01
2.67540-01
2.9608C-01
2.9483C-01
2.5385C-01
2.5315€C-01
2.92700-01
2.92500-01
2.99530-01
Z.99520-01
2.9951C-01
2.5950C-01
2.9$18C-01
2.9831C-01
2.51570-01
2.6612€-01
2.5486C-01}



387
388
389
390

7. 56486D-C1
2.6381M0~-C1
Z.93160-C1
2.6270n~C1

?.G4860-C1
?.6384D0-C1
2.57%7160-C1
2.5271CN-C1

162

Z2.%3480-01
2.931606-01
24492700L-01
2.92500-01

2.9387C-01
2.9216C-01
2.5210C-01
2.5250C-01
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APPENDIX C

LISTING OF MOISTURE-TRANSPORT CODE
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PROGRAM AUTHORS——M. REEVES ANC J.0. DUGUID, ODAK RIDGE MATIONAL
LABURATORY, OAK RIDGE. TENNESSEE 37830.

FUNCTION OF PRUGRAM--TU SIMULATE TRANSIENT TWO-DIMENSICNAL MOISTURE
FLOW IN SATURATEOD/UNSATURATED PCROUS MEDIA USING THE GALERKIN METHOO
WITH FINITE ELEMENTS Q4.

FUNCTION OF MAIN ROUTINE--TO CCNTRCL THE INTEGRATION OF THE
MOISTURE-FLOW EQUATIUNs WHICH CCNSISTS OF ASSEMBLY, APPLICATION

OF BOUNDARY CONDITIONS. MATRIX SOLUTICN OF THE RESULTING SET

OF EQUATIONS. AND ITERATIUN BOTH FOR STEADY-STATE AND FOR TRANSIENT
CASES.

DIMENSICNING FORMAT--

COMMON/GEOM/ X{MAXNP) ¢ ZEMAXNP ) » BB{MAXNP),DCOSXBIMAXEL)» CCOSZB(MAXEL),
DLBIMAXEL D) JNNUMAXNP) eNPST {MAXNF) NBE{MAXEL)oTE(MAXELsS)s ISBI{MAXEL, 4)

COMMCON/RFSP/DCYFLX{MAXNP) e HCCN{MAXNP) o FLXIMAXNP} +DCOSX IMAXEL ) o
DCOSZ{MAXEL) o DLAMAXEL) o TRFIMXRFPRoMXRPAR)eRFIMXRFPRMXRPAR),
RFALL{MXRFPR)IRFTYP{MAXNP) ¢ NPRSIMAXNF) ¢ NPCON{MAXNP ), NFFLX{MAXNP ),
NRSE(MAXEL d¢ ISIMAXEL 04)

COMMON/FMTL/PROP (MAXMAT ¢ NMPP M) ¢ THPRCP{MAX NAT s MXSPPM) .
AKPROPIMAXNMAT . MXSPPM) 4 HPROP {MAXMAT ¢ MXSPPM) s CAPROP{MAXMAT, NMPPM)

DIMENSION R{MAXNP) « RP(MAXNP) o H{NAXNP) s HP{MAXNP ) ¢HT (MAXNP) o HWIMAXNP ) o
BFLXP{MAXNP} s BFLX{MAXNP) + RSFLX{MAXNP) « NPCNV {MAXNP) 4 C{MAXNP, MAXHBP ),
THIMAXEL 2«4 ) o DTHIMAXEL o 4d o AKX MAXEL #4) s AKZIMAXEL o4} o VX(NMAXEL o4 )0
VZ{MAXEL +4 ) o KPRIMAXNTI ) o PMATL3I«NMPPM) o THPARI3I s NTHPPM) o AKPAR{3,NAKPPM)
oSUBHD(Be3)oFRATE(LO) «FLOW(L1C)+ TFLCWI10)TITLE (9)

COMMON/GFOM/ APPEARS IN THE FCLLOWING ROUTINES——MAIN, DATAIN,VELT,
BCPREP,BCo ASEMBLS SPROP +STUORE ¢ SURF+SFLCi

COMMON/RFSP/ APPEARS IN THE FCLLOWING ROUTINES——MAIN, DATAIN,BCPREP,
B8Ce STORESSFLOW

COMMON/MTL/ APPEARS IN THE FCLLOWING ROUTINES--MAIN,DATAIN, ASEMSBL,
SPROP

IMPLICIT REAL*8 (A-H,0-1)

REAL*4 PMAT.THPARAKPAR, SUBHD

COMMCN/GEOM/X(690 ) +Z( 690 ).B8B(690 ),.0COSXB(612 ), DCOSZBL(O6L2 ),
> DLB(612 JoDELToCHNGeDELMAX o TMAXs SNFECSFE ¢« NNLOESO ) ¢NPST (690 )
> NBE(612 DelE(612 #5)¢15BE612 +4) s ANP,NEL . NMAT,IBANC,NBC,NST NTI,
> NBELoNSTNoNSTRT

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90

100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
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COMMCN/RFSP/DCYFLX{690 )+HCCNI690 ),FLX{690 ).DCCSX {612 ),
> DCOSZ{612 ) DL{6L2 JeTRF{2¢20) oRF(2+20) RFALL{2), IRFTYP(690 ),
> NPRSE690 ) oNPCON(690 JoNPFLXI690 ) oNRSE(6L2 14150612 +4)4NRFPR,
> NRFPARJNRSEL+NRSN
COMMCN/NMTL/PROPLZ2¢5) e THPROP(2+52) s AKPRCP(2452) s HPROP(2,452)
> CAPROP(24+52)+NSPPM

DIMENSION R(690 ) «RP(690 ) oHI690 ) ¢HP{690 ) 4HT(690 )oeHW(690 ),
> BFLXPL690 JsBFLX(690 )+RSFLX{690 ) ¢NPCNV(690 ),C(6S0 ,12),

> TH{612 +4)eOTHIO612 «0) o AKX(612 +4)+AKZL612 +4) e VXL612 +4),

> VIL612 +4)eAKPARE342) oKPR(2500)+SUBHD(843) +FRATE(LC), FLOW( 10},
> TELOW(L0)»TITLE(9)«THPAR{3,8)+PMAT(3,5)

DATA MAXNP o MAXEL s MAXMAT+ MAXHBP¢ MXRFPR, MXRP AR ¢ MAXNT [

> 76904612 ¢2¢1242+20.2500/

DATA NMPPM NTHPPM.NAKP PM, MXSPPM /5,842+52/

DATA PMAT/4H e4H ALPsaH *4H Be4HETAP, 4H v4H .
> 4H POR +4H v4H v4H KX +4H »&H v4H KZ 44k /
ODATA THPAR/4H vaH THLo4H v4H v4H TH244H vaH "
> 4H HO +4H o 4H ehH  Aleé4H v4H e4H A2, 4H v bH
> 4H R1le4H v4H e4H R2,4H +4H v 4H Co 4t /
DATA AKPAR/&H e4H Ble4H o 4H e4H  B2.4H /
DATA SURHD/4HINPU+4HT INc4HITIAG4HL COs4HNDIT,4HIONS,2%4H ’

> GHSTEA+4HDY-S+4HTATEv4H INI44HTEAL4H CONs4HDITI.4FONS o 8%
> 4H /

PROBLEM IDENTIFICATIUN AND OESCRIPTYION

10 READ 10C00NPROBe (TITLE(I)oI=1+9)
IF (NPROB.LE.O) GO TO 270
PRINT LOLOOSNPROB (TETLE(I) [=1,9])

READ AND PRINT INPUT DATA

KOUT=0
KSS=1
CALL DATAIN{HoRP s MAXEL + MAXNFsMAXMAT,ISTOPy MAXDIF.PMAT, THPAR,
> AKPAR¢ NMPPM NTHPPMNAKPP Mo MXRF PR, MXRPARsMXSPPM,KSSs TCOLA,TOLB,
> MAXNTI sKPROGKPReKSTRoWo TIME +HT o TH o VX o V2 TITLESNPROB,MAXIT,MAXCY)
KDIG=NSTRT
IF (ISTOP.GT.0) GO TO 270

COMPUTE BAND-WIDTH VARIABLES

THALFB=PAXDIF
IBAND=2*IHALFB+1
THBP={HALFB+1

IF (IHBP.GT.MAXHBP) GO TO 260

PREPARE INITIAL VARIABLES

CALL SPROP(THeDTHoAKXeAKZ oo MAXEL s MAXNP)

KFLOW=-1

CALL SFLOW(VXeVZeTHeBFLXeBFLXPoFRATE «FLOWsMAXEL ¢ MAXNP, TFLOWKFLOW,
> HeAKX.,AKZ)

CALL VELT{VXeVZIeHT sHoAKX sAKZoMAXEL s FAXNP)

PRINT INITIAL VARIABLES
KDIAG=0

CALL PRINTT(NNP. IBANDoMAXNP ¢ MAXELsDELT oHeHT ¢VXsVZo THse AKXsAKZoDTH,
> TIME, IEoNELeKPROsSUBHD(14+1)eKCUT, BFLX+FRATE,FLOWNRSNyNPCON,

335
340
345
350
355
360
365
370
375
380
385

395
400
405
410
415
420
425
430
435
440
445
450

460
465
470
475
480
485
490
495
500
505
510
515
520
525
530
535
540
545
550
555
560
565
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> NPFLXe TFLCOWKDIAGeNPRSsRSFLX)

IF {KSTR.EQelaANULKSSaEQe1aANDLNSTRTLEQ.0Q) CALL STUORE{NPROB,MAXNP,
> MAXELoHoHToVXeVZeTHe TIMELTITLE)

IF (KSS.NELQ) GO TO 130

PERFORM STEADY-STATE CALCULATICAN

IFf (NRSN.EC.0) GU TO 30
DO 20 NPP=1.NRSN
NPCONINPPI=NPRSINPP)
20 NPFLX{NPP)=0
NCHG=-1
CALL BCPREPINCHGMAXNP s TIME ¢ VXo VZ MAXEL s MXRFPRoHoAKXyAKZ)
30 DO 40 NP=14NNP
40 HPINPI=HINP)
NIT=0
KDIG=KDIG+1
PRINT 1040CKDIGs TIME.DELT
DO 100 ICY=1.MAXCY
DG 50 NP=LlyNNP
50 HINP}=HP (NP )
DO 8C IT=1.MAXIT
NIT=NIT+¢}

EVALUATE SCIL PROPERTIES FOR PREVICUS ITERATE
CALL SPROPITHWOTH.AKX ¢AKZ +HoMAXEL s MAXNP)

ASSEMBLE STEADY-~STATE COEFFICIENT FMATRICES Ay By AND Cs AND CONSTRUCT
LOAD VECTOR R

CALL ASEMBL(CIReRPyHoHPoTHyDTHo AKX oAKZs MAXNP s MAXHBP ¢« MAXEL
> KSSsw)

APPLY STEADY-STATE BOUNDARY CCACITIONS

CALL BLIUC+RoRPsMAXNP o MAXHBP+KSS)
TRIANGULARIZE STEAUY~-STATE C MATRIX

CALL BANSUL(leCoRoeNNF,IHBP,MAXNP,MAXHBP)
BACK—-SUBSTITUTE FOR STEADY--STATE SCLUTICN

CALL BANSUL({Z2¢CoRyNNPs IHBPoMAXNP,MAXHEP)
OBTAIN MAXIMUM RELATIVE OEVIATICN FRCM PREVIOQUS ITERATE

NPP=0

RD=-1.

RES=-1.

DO 60 NP=1,NNP
RESNP=DABS(R(INP)~HI{NP})}
RES=DOMAX1(RES.RESNP)

IF IHINP)NE.V.DC) RD=DOMAX1(RD+DABS{(RESNP/F(NP)))}
IF (RESNP.LE.TOLA} GO TC 60
NPP=NPP +1
NPCNVINPPI=NP
60 CONTINUE
NNC VN=NP P

510
515
580
585
590
595
600
605
610
615
62C
625
630
635
640
645
650
655
660
665
670
&75
680
685
690
695
100
705
710
715
720
725
730
735
740
745
750
755
760
765
77¢
775

785
790
795
800
805
810
815
820
825
830
835
840
845
850
855
860
865
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70

ES
SuU

80

PR
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DATE PRESSURE WITH CURRENT ITERATE

DC 70 NP=1+NNP
HINP) =R (NP)

CAPE FROM ITERATIUN LOOP IF THE MAXIMUM RESIDUAL IS
FFICIENTLY SMALL

PRINT 10200 oNIToRES+RC¢NNCVN
IF (1V.£Q.1) GO TO 80

If (RES.LT.TOLA) GO T1C 90
CONT INUE

INT NONCONVERGING NODES

PRINT 10500
PRINT 10600+ INPCNVINPP) ¢NPP=1:sNACVN)

CALCULATE FLOW RATES

30

100
110

120

PR

RE

PE

130

140
150

CALL SPRUPI{THDTHeAKX9AKZ oHy NAXEL ¢« MAXNP)
IF (NRSN.EQ.0) GU TU 110

CALL BCPREPINCHG o MAXNP o TIMES VXo VI o MAXEL s MXRFPRyHo AKX, AKZ)

IF (NCHG.EQ.O0) GO TO 110
CONTVINUE
KFLOW=-1

CALL SFLOWIVXeVZoTHBFLXoBFLXPy FRATE«FLOWJMAXELs MAXAP, TFLOWKFLOW,y

> HeAKX.AKZ)
CALL VELT(VXeVZoeHT oHoAKX sAKZ FAXEL MAXNP)
DO 120 I=l.06
FLOW(T)=0.
TFLOW(1)=0a
FRATE(7)=0.
FLOW(T)=0.

INT STFADY-STATE VARIABLES

CALL PRINTT(NNPs IBANDe MAXNP < MAXEL+CELToHsHT s VXsVZy T,

AKXy AKZ +DTH,

> TIME. IEsNELoKPROWSUBHD( 102} e KOUT, BFLXFRATE,FLOWsNRSNoNPCON,

> NPFLXs TFLOMKDIAGeNPRSyRSFLX)

IF (KSTR.EQ.1) CALL STORE(NPROBoMAXNPyMAXEL +HyHToVXoVZsTHeTIME,

> TITLE)
IF INTI1.EQ.O) GO TO 10

AD TRANSIENT BOUNDARY CONDITICNS

CALL DATAIN(H. RP o MAXEL eMAXNP, MAXMAT,ISTOP, MAXDIF,PMAT, THPAR,
> AKPAR NMPPM NTHPPM NAKPPM, FPXRFPR, MXRPARsMXSPPM¢KSSe TCLA,TOLB,
> MAXNTI oKPROWKPReKSTReWeTIVMESHT o THoVXoVZyVITLE,NPROB,MAXIT+MAXCY)

KSS=1
RFORM TRANSIENT-STATE CALCULATIOM

IF (NRSN.EQ.OQ) GO TO 160

IF (NSTRT.GTL0) GU TO 150

DO 140 NPP=1.NRSN
NPCON(NPP)=NPRS{NPP )}
NPFLX{NPP)=0

NCHG=-1

870
875
880
885
890
895
900
905
910
915
920
925
930
935
940
945
950
955
960
965
970
975
980
985
990
995
1000
1005
1010
1015
1020
1025
1030
1035
1040
1045
1050
1055
1060
1065
1070
1075
1080
1085
1090
1095
1100
1105
1110
1115
1120
1125
1130
1135
1140
1145
1150
1155
1160
1165
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CALL BCPREPINCHGe MAXNP o TIMEoVXs VZoMAXEL  MXRFPRyHsAKXyAKZ)
160 TIME=TIME+DELT
hlzh
W2=la.-W
KFLCw=1
DO 250 ITM=1,.,NTI
DO 170 NP=1+NNP
170 HPINP}=HINP)
NIT=C
KDIG=KDIG+1
PRINT 10400+KDIG.TIME,DELT
DO 230 ICY=1,MAXCY
DO 180 NP=1«NNP
180 HuWlNPI=HPI{NP)
DO 210 IT=1.MaXIT
NIT=NIiT+1

EVALUATE SCIL PROPERTIES FOR PREVICUS ITERATE
CALL SPROP{THeDTH,AKX+AKZ ¢ HWsMAXEL o VAXNP)

ASSEMBLE COEFFICLENT MATRICES A+ By, ANC Co AND CONSTRUCT LOAD
VECTOR R

CALL ASEMBLUC+RyRPeHyHPTHeOTHy AKX AKZos MAXNP, MAXHBP,
> MAXELeKSS.W)

APPLY BCUNDARY CONDITIUNS

CALL BCUCIReRP,MAXNP,MAXEBP+KSS)
TRTIANGULARIZE C MATRIX

CALL HBANSGLOL sCoRoNNP, THBP yMAXNP, MAXHBP)
BACK-SUBSTITUTE

CALL BANSUL (2 ¢CoReNNP, IHBP ) MAXNP, MAXHBP}
OBTAIN MAXIMUM RELATIVE DEVIATICN FRCM PREVIOUS ITERATE

NPP=0

RD=~1l.

RES=—-1.

DQ 190 NP=1,NNP
RESNP=DABSE{RINP}-HINP))
RES=DMAXL{RESRESNP)

IF (H{NP).NEoO.DO) RD=DMAXLI{RD+LCABS{RESNP/H{NP) )}
If (RESNP.LE.TCLB) GO TO 190
NPP=NPP+1L
NPCNVINPP)=NP
190 CONTINUE
NNCVN=NPP

UPDATE PRESSURE WITH CURRENT [TERATE
DO 200 NP=1.NNP

HENP ) =R (NP}
200 HW{NPI =Wl ®HINP)+W2*+PINP)

1170
1175
1180
1185
1190
1195
1200
1205
12i0
1215
1220
1225
1230
1235
1240
1245
1250
1255
1260
1265
1270
1275
1280
1285
1290
1295
1300
1305
1310
1315
1320
1325
1330
1335
1340
1345
1350
1355
1360
1365
1370
1375
1380
1385
13%0
1395
1400
1405
1410
1415
1«20
1425
1430
1435
1440
1445
1450
1455
1460
1465
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C ESCAPE FROM ITERATION LUOP [F THE FMAXINUM RESIOUAL IS
C SUFFICIENTLY SMaLL
c ’
PRINT 10200+NIToRESyRDeNNCVN
IF (1T.EJal.AND.ITM.EC.1) GO TO 210
IF (RES.LT.TOLB) GO TO 220
210 CONTINUE
C
C PRINT NONCCNVERGING NODES
c
PRINT 10500
PRINT L0600+ INPCNVINPP)NPP=1,NNCVN)
[
C CALCULATE FLCW RATES
C
220 CALL SPRUPI{THWDTHyAKXeAKZeHeMAXELe MAXNP)
IF (NKSN.EQ.O) GO TO 240
CALL BCPREPINCHG ¢ MAXNP o TIME « VXoVZeMAXEL ¢ MXRFPRyHs AKX,y AKZ )
IF {NCHG.EQ.O0) GO TC 240
230 CONTINUE
240 CALL SFLUWI VX 9VZeTHBFLXeBFLXPoFRATEFLOW«MAXEL s MAXNPTFLOW,
> KFLOWeHs AKX o AKZ )
CALL VELT(VXeVZeHToHoAKXeAKZgMAXEL » MAXNP )
C
C PRINT VARIABLES AT EACH TIME STEP
Cc
CALL PRINTTUINNPIBANDMAXNP s MAXELoDELT oHoHT yVXoVZeTHs AKXsAKZ,
> DTHoTIME ST E«NELKPRUITN}oSUBHDE143)4XKOUTe BFLX, FRATE,FLOW,
> NRSNoNPCONoNPFLX, TFLOWsKDIAGINPRSyRSFLX )
IF (KSTRLEQ.1) CALL STORE(NPROB+MAXNP MAXELoHeHT ¢VXsVZ,THe TIME,
> TITLE)
C
C PREPARE FOR NEXV TIME STEP
C

1F {TIME.GT.TMAX) GU TC 10
DELT=DELYT*(1.+CHNG)
DELT=DMINL{OELT DL MAX)
TIME=TIME+DELT

250 CONTINUE

GG TG 10

260 PRINT 103004+1HEP+MAXHBP

270 STOP

10000 FORMAT(I5.,94a8)

10100 FORMAT(/BHIPROBLEMe«I5e3Haee +9A8/)

10200 FORMATISX+110e3KeEL2.4¢3X0oE12.4415X0110)

10300 FORMAT(///26H HALF—BANDWIDTH-PLUS~CUNE =414,
> 25H EXCEEDS MAX. ALLOWABLE =.[4)

10400 FQORMAT(//7/753H ¢ RXXEERXEXAIEREREAESRFREEEE SRR R ERE K AARAR AR A RE R R R XF
D> G2HERFERAXERR KB ERREF R ERE X E SRR EE KN BRKEE TR E ARNKARAK K DR K RKE R R KRR R R
> SH***%x%///1TH DIAGNUSTIC TABLE I14,12Hae AT TIME =,1PD12.4,
> GH +{DELT = LPD12.4+1H)///30H TABLE CF ITERATIVE PARAMETERS// 6X.
> GHITERATIONG 7Xe BHRESTUOUAL «6X9HDEVIATION,6 Xy
> 19HNO. NCN-CONV. NODES)

10500 FORMAT(//30H TABLE OF NON-CCAMERGING NODES)

10600 FORMATI/i5X.s20151)

END

1470
1475
1480
148%
1490
1495
1500
1505
1510
1515
1520
1525
1530
1535
1540
1545
1550
1555
1560
1565
157¢
1575
1580
1585
1590
1595
1600
1605
161¢
1615
1620
1625
1630
1635
164C
1645
1650
1655
1660
1665
1670
1675
1680
1685
1690
1695
1700
1705
1710
1715
1720
1725
1730
1735
1740
1745
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SUBROQUTINE DATAIN(HeRP MAXELoMAXNP,MAXMAT, ISTOP.MAXCIF, PMAT, DATA
> THPAR¢ AKPAReNMPPMoNTHPPMs NAKPPMy MXRFPRy MXRPAR,MXSPPMyKSSs TOLAs DATA
> TOLBeMAXNTI oKPROeKPRo KSTRoWeTINME yHT o THyVXs VZy TITLEJNPRGB,MAXIT, DATA
> MAXCY) DATA

C DATA
C DATA
€ FUNCTION OF SUBROUFTINE~—TO READs PRINT, AND CHECK VARTABLES DATA
C PERTAINING TU SIMULATION TIME, GECMETRY OF THE SYSTEM, ITS SOIL DATA
C PROPERTIES. BOUNDARY-INITIAL CCNOITIONS FOR BOTH STEADY-STATE AND DATA
C TRANSIENT CASESe ANU NUMERICAL CCNVERGENCE CRITERIA. DATA
C DATA
C DATA

IMPLICIT REAL*8 (A-H.U-1) DATA

REAL*4 PMAT,PMAT + THPAR ¢ AKPAR DATA

COMMON/GEOM/ X( 690 ) o211 690 ).BB(690 ),DCOSXBL612 ),DCOSIBL(6L2 1},
> DLB(612 ) +DELToCHNGeDELMAX«TMA Xy SNFEJCSFE+NN{690 ) 4NPST(690 ),
> NBE(612 )elE{012 ¢5)0ISBL612 +4) e NNP NEL+NMAT,IBANC/NBCoNST NTI,
> NBEL+NSTNGNSTRT

COMMON/RFSP/DCYFLX{690 ),HCON(6S0 ) FLX{690 ),DCOSX(BL2 ),
> DCOSZI612 JDLL6L2 e TRF{2420) ¢RF{2:20)+RFALLIZ2), IRFTYP(690 )},
> NPRS{6S0 )+ NPCUN{690 ) +NPFLX16S0 )+NRSE(612 1,IS{612 +4)eNRFPR,
> NRFPAR,NRSELNRSN

COMMON/MTL/PROPE2+5) o THPRCP(2452) ¢ AKPROP (24 52)+ HPROP(2,52),
> CAPROP(2+52)¢ NSPPM

DIMENSICN PMAT (3.NMPPM) ¢ THPAR(34NTHPPM), AKPAR(3,NAKPPM),RP(MAXNP)DATA
>  eHIMAXNP) s KPRIMAXNTI ) e HT{NAXNF) o THIMAXEL ¢ 4) s VX{MAXEL 44 ), DATA
> VIIMAXEL 4)eTITLELY) DATA

IF (KSS.EC.0) GO TO 1040 DATA

1570P=0 DATA

READ 12000+sNNP «NEL s NMAT o NCFoNTT +KSSoKSPoNSPPM,KSTR, KCP,KGRAV, DATA
> NSTRTU,MAXIToMAXCY DATA

IF {KSS.NE.O) KS5=1 DATA

IF (KSP.NE.O) KSP=) DATA

IF (KSTR.NE.O) KSTR=] DATA

IF (KCP.NE.O) KCP=1 DATA

IF (KGRAV.NE.O} KGRAV=1 DATA

IF (MAXITLLE.Q) MAXIT=10 DATA

IF (MAXCY.LE.Q) MAXCY=3 DATA

READ 12300, DELToLHNGsUELMAX ¢ TMAX,FE+TOLA,TCLB.RHO, CRAV,VISCo W DATA

IF (DELMAX.LE«0.DO) DELMAX=1.ES50 DATA

IF (THAX.LE.U.DO) TNAX=1.E50 DATA

PRINT L0000« NNPoNEL o NMAT ¢ NCMGNT 1y KSS+KSPyNSPPM KSTR ¢KCPyKGRAV, DAYA
> NSTRT.MAXIT.MAXCY DATA

PRINT LOLOOeDELT+CHNGDELMAX ¢ TMAX ¢FE¢TOLA.TCLB,RHOs CRAV,VISCo W DAYA

READ 12100KPRO¢ (KPRIITM) cITM=]1,NTI) DATA

PRINT 10200 DATA

PRINT 12200+KPRO {KPRULITM) +ITM=14NTI) DATA

PI=3.14159265 DATA

FE=FE*P1/180. DAYA

SNFE=DSINCFE) DAYA

CSFE=DCUOS(FE) DATA

IF {KGRAV.EQ.l) SNFE=0. DATA

If {KGRAV.EQe1) CSFE=0. DATA

C DATA
C CHECK TC BE SURE INPUT DATA DC NOT EXCEED STORAGE CAPACITY DATA
C DATA

IF (NNP.GE.O.AND.NNP.LE.MAXNP) GO TO 10 DATA

ISTOP=1STOP+1 DATA

PRINT 13700, MAXNP DATA

10
15
20
25
30
35
40
45
50
55
60
65

120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275
280
285
290
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10 IF (NEL.GE.O.AND.NEL.LE.MAXEL) GC TCQ 20
ISTOP=ISTOP+1
PRINT 13800, MAXEL

20 IF (NMAT.GE.O.AND.NMAT.LE.FAXMAY) GC TO 30
ISTOP=1STOP+1
PRINT 13900, MAXMAT

30 IF (NCM.GELQ.ANUD.NCM.LEMAXEL) GO TO 40
ISTOP=1STOP+1
PRINT 14100.MAXEL

40 IF (NSPPM.GE.OAND.NSPPM,LE.NXSPPM) GC TO 50
ISTOP=ISTOP+1
PRINT 14000,MXSPPM

50 IF (NTI.GE.QU.AND.NTE.LE.MAXNTIL) GO TO 60
ISTOP=1STQOP+1
PRINT L420C.MAXNTI

60 IF (ISTOP.EQ.M) GO TL 70
PRINT 15000, ISTOP
sTOP

RFAD ANO PRINT MATERIAL PROPERTIES

70 IF (NMPPM.LE.O) GO TO 90
IF (NMAT.LE.O) GO TO 90
PRINT 103000 (IPMATUIoJ)el=193)e J=1sNMPPM)
DO 8C I=1.NMAT
READ 12300+ {PRUP(I+J) e J=]l ,NMPPNM)
80 PRINT 1250041 ¢{PROP(I+J)eJ=1sNMPPM)
90 IF (KSP.EQ.1l} GO TO 120

SOIL PROPERTIES ARE TU BE REPRESENTED BY ANALYTIC FUNCTIONS

READ AND PRINT MOISTURE~CONTENT PARAMETERS

IF (NSPFM.EQ.O) GU TO 200
PRINT 10500 ((THPAR(L+J) e I=1+3)9J=1sNSPPM)
DO 100 I=1+NMAT
READ 12300, (THPROP{I ¢J)eJd=1+NSPPM)
PRINT 12700¢ Le{THPROP(IsJ)e J=1sNSPPM)
100 CONTINUE

READ AND PRINT CONDUCTIVITY PARAMETERS

PRINT 1C600+ILAKPAR(L e J)eI=103)eJ=1eNSPPM)
DO 110 I=1,NMAT
READ 12300s (AKPROPUL ¢J)eJ=1lNSPPM)
PRINT 12700¢ [olAKPRAPIIsJ)e J=1+N35PPM)
110 CONTINUE
GO T0O 200
120 IF INSPPM.EU.0) GO TO 200

SOIL PROPERTIES ARE TO BE GIVEMN IN TABULAR FORM

READ PRESSULRES

DO 130 I=1,NMAT
READ 12300, (HPROPI{LI ¢J) e =1 NSPPM)
130 CONTINUE

CATA
DATA
DATA
DATA
DATA
DATA
DATA
CATA
DATA
DATA
DATA
DATA
CATA
DATA
DATA
CATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
CATA
DATA
DATA
DaTA
DATA
CATA
DATA
DATA
DATA
DATA
DATA
DATA
OATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
CATA
CATA
DATA
DATA
CATA
DATA
DATA
DATA
CATA
DATA

295
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370
375
380
385
390
395
400
405
410
415
420
425
43Q
435
440
445
450
455
460
465
470
475
480
485
490
495
500
505
510
515
520
525
530
535
540
545
550
555
560
565
570
575
580
585
590
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READ WATER CONTENTS

140

REA

150

REA

160

>
170

CON

180
190

REA

200

210

220

230

240

250

260

REA

ALS

D0 140 I=1,NMAT
READ 12300+ (THPROP(I+J)oJ=1NSPPM)}
CCNTINUE

D CONOUCTIVITIES OR PERMEABILITIES

D0 150 I=1,NMAT
READ 12300, (AKPROP(IsJ)eJ=1sNSPPM)
CONTINUE

D WATER CAPACITIES

DO 160 I=1,NMAT
READ 12300, (CAPROP Il ¢J)eJ=1eNSPFM)
CONTINUE

PRINT 10400

DO 170 I=1.NMAT

PRINT 1260041« {HPROP(T9J)}+THPRCPLI,J)+AKPROP(I,J)+sCAPROP{I4J)

J=1+NSPPM)
CCNTINLE
IF (KCP.EC.0) GO TO 200

VERT FRCM PERMEABILITY TO CONDUCTIVITY IFf NECESSARY

DO 190 I=1.NMAT
PKCF=RHO*GRAV/ V] SC
PRCPLI +4)=PROP (1+4)%PKCF
PROP(I +S)=PROP(1+5)*PKCF
DC 180 J=1oNSPPM
AKPROPLI «J}=AKPROP{1.J)®PKCF
CONTINUE

D AND PRINT NODAL-POINT DATA

PRINT 1€70C

NI=1

READ 12€00¢ NJ9XINJIZINJ)
IF (NJ-ND) 220.250.230
PRINT 15100+ NJ

PRINT 129C0s NJeX{NJIsZINJ)
[STOP=1ISTOP+1

GO TO 210

DF=NJ+]1-N1
DX={X(NJ}-X{NI-1) }/DF
NDZ=(2(NJ}-Z{NI=-1))/DF
CONTINUFE

X{NL)=X{(NI~-1)+DX
ZINI)=ZINI~-1)+0DZ

PRINT 129C0NIoXiNI}ZIND)
NI=NI+1

IF (NJ=NI) 26042504240

IF {NI.LE.NNP) GO TO 210

D ANC PRINT ELEMENT DATA
0 CCMPUTE MAXIMUM NODAL DIFFERENCE FOR EACH ELEMENT

PRINT 10800

DATA
DATA
CATA
DATA
DATA
OATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
CATA
DATA
DATA
CATA
DATA
DATA
DATA
DATA
DATA
OATA
DATA
DATA
DATA
DATA
DATA
DATA
CATA
OATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
OATA
DATA
DATA
DATA
DATA
CATA
CATA
DATA
DATA
CATA
CATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
CATA
DATA
DATA

595
600
605
610
615
620
625
63¢C
635
640
645
650
655
660
665
670
675
68C
685
690
695
700
705
710
715
720
7125
730
735
740
T45
750
755
160
765
170
115
780
785
790
795
800
805
810
815
820
825
830
835
840
845
850
855
860
865
870
875
880
885
890
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270

280
290

300

310

320

330

340

350
360

370
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MAXDIF = O
MJ = O
READ 12000¢ MIZfIE{MIoI)oI=145)+MCDL,NLAY
MTYP=IE(MI,5)
MND = O
00 280 I0=1.3
IC1l = 1Q + 1
D0 280 Ju=i0l+4
ND = IABS(IE(MI,(Q)-IE(MI,LJQ))]
MND = MAXO{NL.MND)
MAXDIF = MAXOIND+MAXDIF)
M) = MJ + 1
IF (MI-MJ} 300,330,310
PRINT 15200, MI
PRINT 13000¢ MIo{IEIMI +1),1=21¢50),MNC
ISTOP = [STUP + 1
DO 320 IQ=1.4
TE(MJsIQ) = JTEIMI-1,1Q) + 1
IE(MIsS) = [EI(MI—1.5)
PRINT 13000¢ MJ(TEIMIeI)oI=1e5)+MND
IF (MJL.LT.MI) GU TO 290
IF {MJLEQ.NEL) GO TO 370
IF (MODL.LE-O) GO TO 270
DO 360 I=1.NLAY
LL=2
DO 360 J=1.MODL
IF (MJ.EW.MI) GO TO 350
00 340 KO=l+4
TE(LMILKO) = TEIMI~1.KQ) + LL
IE(MIS)=]EIMI-145)
PRINT 13000« MJIolIE(FJoK) oK=1¢5)s MND
LL =1
M) = MJ + 1
MJ = MJ - 1
IF (MJ.LT.NEL) GO TO 270
CONTINUE

MODIFY MATERIAL TYPES FOR SELECTED ELEMENTS IF NECESSARY

380

390
400
410

IF (NCM.LE.O) GO TO 410
PRINT 1C900
L=0
READ 12000+ MI +MTYP MKeMINC
IE{MI5) = MIYP
PRINT 13100. MI,IE4NI.5)
L=1L+1
IF (MK.LE.MI) GO TO 400
IF (MINCL.LE.O) MINC = 1
MI = ML + MINC
DO 390 MJ=MI.MKe MINC
TE{MJ,5) = MTYP
PRINT 13100 MJSIE{MIV5)
L=1L+1
IF (L.LT.NCM) GO TO 380
CONTINUE
DO 420 M=) NEL
MTYP=IE{(M.5)
IF (MTYP.GTL.0. ANDSMTYPL.LE.NMAT) GO TO 420
PRINT 15900.M
ISTOP=1S5TOP+1

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
CATA
DATA
DATA
DATA
DATA
DATA
DATA
CATA
DATA

895
900
905
910
915
920
925
930
935
940
945
950
955
960
965
970
975
980
985
990G
995

DATA1000
DATA1005
DATALOLO
DATALOLS
DATA1020
0ATAL1025
DATA 1030
DATA10Q35
DATA1040
DATA 1045
DATA1050
DATA1055
DATA 1060
DATAL1065
DATA1070
DATALOT75
DATA1080
DATA1085
DATA1090
DATAL1Q95
DATAL1100
DATA1105
DATALLLO
DATALLLS
DATAL1120
CATALL125
DATA1130
CATAL1135
DATAL1140
DATA1145
DATA1150
DATAL1155
DATALL160
DATALL65
DATA1170
DATAL1175
DATA1180
DATAL118S5
DATAL1190
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420 CONTINUE
IF (ISTCP.EQ.U} GU TO 430
PRINT 15000, IsTOP

sTopP
C
C READ INITIAL CONDITVIUNS
C

430 TIME=0.
IF {NSTRT.EQ.Q) GU TO 450
REWIND 1
REWIND 2
READ{2) (DUMeI=1+9) ¢ IDUMo NPT NET, IDUMINRST

IF (KSTR.EQe1l) WRITE(L) (TITLE(T)eI=1+9) NPRCB+NNP+ PEL+NTI¢MAXNP
READ(2) [ X(NP)oNP=LoNPT) o LZINP) yNP=L NPT)  LLIE{M,IQ)}sM=1,NET),IQ=

> le4)

IF (KSTR.EQ.1) WRITE(L) (X(NP)oNP=1sNNP) s (ZU(NP)4NP=14NNP),

> [0)eM=1,NELIeIV=144)
DO 440 ITM=1sNSTRT

((ITE(M

READ{2) TIMEG{HINP) «NP=1oNPT )y (HTINP)eNP=1,NPF), ({TH(MyIQ)eM=1
> NET) o IQ=1s4) o IVXIMeIC) s M=1sNET)eIQ=L04) e ((VZIVM.IQ)sM=]1,NET)

> 10=1+8)  (NPCONINP ) e NP=14sNRST ) o INPFLXINP) ,NP=14ARST)

IF (KSTR.EQ.C) GO TO 440

WRITE(L) TIME. (HINP)oNP=1oMNF) o {HT(NP) NP=19yNNP) ¢ ({TH(M,I0),M=

> 1 oNELDoIQ=104) ol {VXIMIQ) e M=1oNEL)+IQ=104)e{(VZ(M,IQ),M=1,
> NEL)s 10=Le4) o (NPCUNUNP) NP=14 NAXNP)} ¢ INPFLX{NP ) NP=1,MAXNP)
440 CCNTINUE
GO T0 500
450 NI = 0
NS = 0

460 IF {NJLEQ.NNP) GU TO 500
READ 13600e¢NJeHINJI)

470 NI = NI + 1
IF {NI.GT.1) GO TO 480
IF {NJ.EQ. 1} GU TO 480
PRINY 15300.NJ
ISTOP=15T0OP+1
GO 10 500

480 IF (NJ.EQ.NL) GO TO 460
IF (NJ.GT.NIi) GO TO 490
PRINT 15300.NJ
ISTOP=ISTOP+1
GO YO 5¢C0

490 H(NT)=HINI-1)
G0 TO 470

BOUNDARY SIDES

[aNaNalal

500 CALL SURF
IF (KSS.EQ.1) GO TO 1040
NRSN=0

READ STEADY-STATE PARAMETERS

ann

READ 12000+NBCoNSToNRFPR,NRFPARJNRSEL «NRSN
PRINT LLI0OOsNBCoNSToNRFPRNRFPARy NRSELNRSN
IF (NBC.GE-U.ANDNBC.LE.MAXNP) GO TO 510
ISTOP=1STOP+1
PRINT 14300¢MAXNP

510 IF INST.GE.O.ANDJNST.LE.MAXNP) GO TG 520

IDENYIFY BCUNDARY ELEMENTS ANC CCMPUTE DIRECTICN COSINES OF

.

v

DATAL1195
CATA1200
DATA1205
DATA1210
DATAL215
DATAL1220
DATALl225
DATAL1230
DATAL235
DATA1240
DATA 1245
DATAL1250
CATAL1255
DATAL260
DATAL1265
CATA1270
DATAL1275
0ATA1280
DATALI285
DATAL1290
DATAL295
DATAL300
DATA1305
DATAL3LQ
DATAL315
DATA1320
DATAL1325
DATA1330
DATA1335
DATA 1340
DATA1345
CATA1350
DATA1355
DATAL360
DAYA1365
DATAL1370
DATAL1375
DATA1380
CATA L1385
DATA1390
DATAL1395
DAYA1400
DATA14095
DATA L1410
DATA 1415
DATAL1420
DATAL425
DATA1430
DATA1435
CATA1440
DATA1445
CATAl450
DATA 1455
DATA L1460
CATA1465
DATAL4T70
CATAL4TS
OATA1480
DATA 1485
CATA1490
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ISTOP=1STOP+1
PRINT 14400,MAXNP

520 IF (NRFPR.GE.OANDJNRFPR.LELMXRFPR) GO TO 530

ISTOP=1STOP+1
PRINT 14500, MXRFPR

530 IF (NRFPAR.GE.U.AND.NRFPAR.LE.MXRPAR) GO TO 540

ISTOP=1STOP+1
PRINT 14600,MXRPAR
540 IF (NRSEL.GE«O<ANDJNRSEL.LE.MAXEL) GC TO 550
1STOP=1STGP+1
PRINT 147004MAXEL
550 IF (NRSN.GE.O.AND.NRSN.LELFAXNP) GO TO 560
1STOP=1STOP+1
PRINT 14800.MAXNP
560 IF (ISTOP.EQ.0) GO TO 570
PRINT 15000. ISTOP
sTgopP

RFAD AND PRINT STEADY-STATE RAINFALL~SEEPAGE INFCRMATICN

570 IF (NRSN.EQ.0) GU YO 800
STEADY-STATE RAINFALL PROFILES

IF INRFPR.EQ.O0) GO TO 590

PRINT 11400

DO 580 I=1.NRFPR
READ 123000 {TRF{1edJd)e J=1+NRFFAR)
READ 12300 (RF{IesJ)+J=1+NRFPAR)
PRINT 1150041
DO 580 J=1.NRFPAR

580 PRINT 12400+ (TRFi[+J)WRFEI4J))

STEADY~-STATE RAINFALL TYPES ANLC PONCING DEPTHS

590 00 600 NP=]1,NNP

600 IRFTIYPINP)=0
NPP=C

610 IF (NPPL.EC.NRSN) GO TO 67¢C
IF (NPPLLTLNRSN) GO TO 620
PRINT 148004NKSN
ISTOP=1STOP+]
Ga 10 610

620 READ 13400NIeiTYPNPENCoHCONI
IF (NPINC.GT.0) GO TO 6490

630 NPP=NPP+]
NPRSINPP)=NI
IRFTYPINI}=ITYP
HCON{NT }=HCUNI
GO TO 610

640 IF (NPP.GT.0) GO TOD 650
ISTOP=ISTOP+1
PRINT 15500

650 NJ=NPRSINPP)
JTYP=IRFTYP(NJ)
HCONJ=HCON{NJ)
NJ=NJ+NPINC
NK=NI-1
DO 660 NP=NJoNK¢NPINC

NPP=NPP+]

CATALl495
DATAL1500
DATAL1505
DATALSLO
DATAL1515
CATAL1S20
DATAL525
DATA1530
DATA1535
DATA 1540
CATALS545
DATALSS0
DATA1555
DATA 1560
DATALS65
DATALSTOQ
DATAL1575
DATA 1580
DATA1585
DATA1590
CATALS595
DATAL1600
DATA1605
DATAL610
DATAL615
0ATAL620
DATAL625
DATA 1630
DATAL1635
DATA1640Q
DATAL 645
DATA165C
DATA 1655
DATAL1660
DATA1665
DATALGTQ
DATA1675
DATA 1680
CATAL 685
DATA1690
DATA1695
DATA1700
DATALT705
DATALT710
DATALT7LS
DATA1720
DATALT25
DATA 1730
CATAL1735
DATA1740
CATALT745S
CATAL1T750
DATA 1755
DATA 1760
DATAL 765
DATAL177Q
DATA1775
DATA L1780
DATAL1T85
DATAL1790
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NPRS I(NPP)=NP DATALT95
IRFTYPINPI=JTYP DATA1800

660 HCCN{(NP)}=HCUNJ DATA1805
GO 7O 630 DATA1810

670 PRINT 11600 DATAL815
DO 680 NPP=1+NRSN DATAL1820
NP=NPRS (NPP) DATAL 825

680 PRINT 13500NP.IRFTYPINE) JHCONINP) DATA1830
C DATA 1835
C STEADY—-STATE RAINFALL-SEEPAGE ELEMENT SURFACE INFCRMATICN 0ATAL84C
c DATA1845
MPI=0 DATA1850

690 IF (MPI.EQ.NRSEL) GO TU 740 CATA1855
READ 12000.MI+IS1+152.KINC CATA1860

IF (KINC.GY.0) GO TUO 710 DATAL1865

TOO MPI=MPI+1 DATAL1870
NRSE (MPI)=M] DATA1875
IS(MPI.1)=151 CATA1880
ISIMPT,.2)=182 OATA 1885

GO T0 690 DATA1890

710 IF (MPI.GT.0)} GO TO 720 DATA1895
ISTOP=1STOP+1 DATA1900

PRINT 15600 DATA 1905

720 NPINC=ISIMPI 2)-1SIMPI,1) CATA1910
MINC=TABS(NPINC)~1 DATA1915
MINC=MAXO {MINC,1) DATAL1920
MJ=NRSE (MPI)+MINC DATAL1925
MK=MI-1 DATA 1930

D0 730 M=MJo MK MINC DATA1935
MPU=MP] DATA1940
MPI=MPI+]1 DATA1945

NRSE (MP]) =M DATA1950
IS{MPI14=ISI{MPJ1) +NPINC CATA1955

730 IS{MPI +2)=1S(MPJ«2) +NPINC DATAL1960
GO0 7O 700 DATA 1965

740 PRINT 11700 DATA1970
DG 750 MP=1,NRSEL DATA1975
M=NRSE (MP) DATA1980

750 PRINT 13000+MeIS(MPel) ISIMP,2} DATA 1985
C DATA 1990
C DETERMINE DIRECTION COUSINES FCR STEADY-STATE RAINFALL-SEEPAGE DATALS9S
C  SURFACES DATA2000
C DATA 2005
DO 790 MP1=1.NRSEL DATA 2010
MI=NRSE{(MPIL} DATA2015

DO 780 MPJ=1.NBEL DATA2020

NJ=NBE (MPJ) DATA2025

IF {(MJ.NE.MI) GO TO 780 CATA2030

IF (ISBIMPJUe1}eEQalIS(MPIo1).AND.ISBIMPIV2).EQLIS(MPI,2)) GO DATA2035

> T0 7a0 DATA2040

IF (ISBIMPUel).EQ.ISIMPI,2)ANDLISBIMPUI+2).EQ.IS(MPI,1)) GO DATA2045

> T0 760 DATA 2050

GC TO 780 DATA2055

760 DO 770 d=l.4 CATA2060
T70 IS(MPI«JI=ISBIMPI,J) DATA2065
DLIMPL)=DLBIMPJ) DATA2070
DCOSX{MPI)=DCUSXBI(MPJ) DATA2075
DCOSZ(MPL)=UCOSZB(MPI) DATA2080

GO TO 790 DATA2085

780 CONTINUE DATA2090



[ el el

177

ISTOP=1STOP+1
PRINT 14900,MI
790 CCNTINUE
800 DO 810 NP=1.NNP
810 RP(NP)=0C.
IF INBC.EQ.Q) GO TO 900

READ STEADY-STATE BOUNDARY CCADITICNS OF THE FORM H=BB

NPP=0
820 IF (MPP.EQ.NBC) GO TO 880
IF (NPP.LTLNBC) GO TO 830
PRINT 14300.NBC
ISTOP=1STOP+1
GO T0 880
830 READ 13300NI+NPINC.BBI
IF {NPINC.GT.0)} GO TO 850
840 NPP=NPP+1
NN{NPP)=NI
*BBINPP)=BBI
G0 TO 820
850 IF (NPP.GT.O) GO TO 860
ISTOP=ISTOP+1
PRINT 15400
860 NJU=NNINPP) &NPINC
ABJ=BBINPP)
NK=NI1-1
DO 870 NP=NJ,NKJNPINC
NPP=NPP+1
NN{NPP ) =NP
870 BB{(NPP)=BBJ
GO TO 840
880 PRINT 11100
DO 890 NPP=]1,NBC
890 PRINT 13200.NN(NPP) +BBINPP)
900 IF (NST.LE.U) GO TO 1000

READ STEADY-STATE SURFACE-TERM POINT FLUXES

NPP=0
MP=0
PRINT 11200
910 IF (MPLEQLNST) GO Td 960
READ 13400sNIeNJSKINCJEILEJ
IF (KINC.GT.0) GO TO 930
920 MP=MP+l
DX=X{NI}=X{NJ)
DZ=ZANI)-ZINJ)
EL=DSQRT(DX*DX +DZ*DZ)
PRINT 13500sNIleNJoELEJ
RPINTI=RPUINLJ+EI®EL /3. 0+EJ*EL/6.0
RPINJI=RP(NJ)+EIXEL/6.Q+EJ?EL/3.0
NPP=NPP+1
NPSTINPP)=NI
NPP=NPP+]1
NPSTINPP)=NJI
EK=EJ
GD TQ 910
930 IF (MP.GT.0) GU TU 940
ISTOP=1STOP+1

DATA2095
DATA2100
DATAZ2105
DATA2110
DATA2115
DATA2120
DATAZ2125
DATA2130
DATA2135
DATA2140
DATA2145
DATA2150
DATA2155
DATA2160
DATA2165
DATA2170
DATA2175
DATA2180
DATA2185
DATA2190
0ATA2195
CATA2200
DATA2205
DATA2210
DATA2215
DATA2220
DATA2225
DATA2230
DATA2235
DATA2240
DATA2245
DATA2250
DATA2255
DATA2260
DATA2265
OATA2270
0ATA 2275
DATA2280
DATA2285
DATA2290
DATA2295
DATA2300
CATA2305
DATA2310
DATA2315
DATA2320
DATA2325
CATA2330
DATA2335
DATA 2340
DATA2345
DATA 2350
DATAZ2355
DATA2360
DATA2365
DATA2370
DATA 2375
DATA2380
DATA2385
DATA2390
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PRINT 15700 DATA2395

940 NPINC=TABSINJ-NI) DATAZ2400
NPMIN=MAXO (NPSTINPP)+NPST(NPP-1)) DATA2405
NPMAX=MINOINI+NJI—-1 DATA2410

DA 950 AK=NPMIN+NPMAXNPINC CATA2415
NL=NK¢NPINC DATA 2420

MP=MP+] DATA 2425

DX=X (NK)}—X{NL) DATA2430
DZ=2INK)~Z(NL) DATA2435
EL=DSORT{DX*DX+DZ%DZ) CATA244C

PRINT 13500 NK+NLoEK,EK DATA 2445
RPINK)=RP(NKJ)+EK*EL /2.0 DATA2450
RPINL)=RP(NL)+EK¥EL/2.0 DATAZ2455
NPP=NPP+] DATA 2460
NPSTINPP)=NK DATA2465
NPP=NPP+1 DATA 2470
NPSTINPP)=NL DATA2475

950 CONT INUE DATA2480
GO TO 920 DATA2485

960 NPPMAX=NPP DATA2490
NSTN=0 DATA 2495

D0 990 NPPI=1.NPPMAX DATA2500

IF (NSTN.EV.O) GU TO 98¢C DATA2505

D0 970 NPPJ=1+NSTN DATA2510

IF (NPSTINPPL).EQ.NPSTI{NPPJ)} GO TO 990 DATA2515

970 CONTINUE DATA2520
980 NSTN=NSTN+1 DATA2525
NPSTINSTN)=NPSTINPPI)} DATA2530

990 CONTINUE DATA2535

C DATA2540
C APPLY STEADY-STATE DIRICHLET BCUNDARY CONDITIONS TO INITIAL DATA2545
C CONDITIONS DATA2550
C DATA2555
1000 IF (NBC.EQ.0) GU TO 1020 DATA2560
D0 1010 NPPR=1,NBC DATA2565
NP=NN(NPP) DATA 2570

1010 H{NP)=BBINPP) DATA2575
1020 IF (ISTOP.EQ.0) GO TOU 1030 DATA258C
PRINT 15800Q. ISTOP DATA 2585

1030 RETURN DATA2590
C DATA 2595
C READ TRANSIENT-STATE PARAMETERS DATA260C
C DATA 2605
1040 READ 12000+NBCoeNST«NRFPR ¢NRFPAR ¢NRSEL+NRSN DATA261C
PRINT 11300,NBCoNSTeNRFPRyNRFPARGNRSEL¢NRSN DATA2615

IF (NBC.GE.O.AND.NBC.LE.MAXNP) GO TO 1050 DATA262¢
ISTOP=1STOP+1 DATA2625

PRINT 14300.MAXNP DATA2630

1050 IF (NST.GE.U.AND.NST.LE.MAXNP) GO TC 1060 CATA 2635
ISTOP=ISTOP+1 DATA 2640

PRINT 14400.MAXNP DATA2645

. 1060 IF (NRFPR.GE.Q.AND.NRFPR.LE.MXRFPR) GO TO 1070 DATAZ2650
{STOP=1STOP+] DATA2655

PRINT 14500+ MXRFPR DATA2660

1070 IF (NRFPAR.GE.U. AND.NRFPAR.LE.MXRPAR) GO TO 1080 DATA2665
1STOP=ISTOP+1 CATA2670

PRINT 14600,MXRPAR DATA2675

1080 [F (MRSELWGE<O.AND.NRSELLLE.MAXEL) GC TO 1090 DATA268C
ISTOP=1STOP+1 DATA 2685

PRINT 14700.MAXEL DATA2690
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1090 IF (NRSN.GE.Q0.AND.NRSN.LE.FAXNP) GC TO 1100
ISTOP=15T0OP+]
PRINV 14800.MAXNP
1100 IF (ISTOP.E£Q.0) GO TO 1110
PRINT 15000. ISTQP
svop

READ AND PRINT TRANSIENT-STATE RAINFALL~SEEPAGE INFORMATION
1110 IF (NRSN.EQ.0) GO TGO 1340
TRANSIENT-STATE RAINFALL PROFILES

IF (NRFFR.EQ.0) GO TO 1130

PRINT 11400

DO 1120 I=1eNRFPR
READ 12300¢(TRFU1eJ)sJd=1eNRFPAR)
READ 1230040 (RF{1sJ)eJ=1,NRFPAR)
PRINT 1150041
DO 1120 J=1+NRFPAR

1120 PRINT 124004{TRFITeJI+RF(1+J})

TRANSIENT-STATE RAINFALL TYPES AND PONDING DEPTHS

1130 DO 1140 NP=1.NNP
1140 IRFTYP(NP)=0
NPP=0
1150 IF (NPP.EQ.NRSN) GO T0O 1210
IF (NPPLLT.NRSN) GO TO 1160
PRINT 14800, NRSN
ISTOP=1STGP+1
GO 10 1210
1160 READ 1340CeNIo ITYPoNPINC HCONI
IF (NPINC.GT.0) GO TO 1180
1170 NPP=APP+]
NPRSINPPI=NI
IRFIYPINTI=1TVP
HCON(NI )=HCONI
GO TC 1150
1180 IF (NPP.GT.0) GO TO 1190
ISTOP=1STOP+1
PRINT 15500
1190 NJ=NPRSINPP)
JIYP=IRFTYPINJ)
KCCNJ=HCONINJ)
NJ=NJI+NPINC
NK=NI-1
DO 1200 NP=NJs NK¢NPINC
NPP=NPP+1
NPRS (NPP)=NP
IRFTYPINP)I=JTYP
1200 HCCNINP }=HCONJ
GO 10 1170
1210 PRINT 11600
DO 1220 NPP=1+NRSN
NP=NPRS (NPP)
1220 PRINT 135004NPIRFTYP(NP)HCCNENP)

TRANSIENT-STATE RAINFALL-SEEPAGE ELEMENT SURFACE INFORNMATION

DATAZ695
DATA2700
DATA21705
DATAZ2T10
DATA2715
DATA2720
DATA2725
DATA2734Q
DATA2735
DATA2740
DATA2745
DATA2750
DATA2175S
DATA21760
DATA2765
DATA2770
DATA2775
DATA 2780
DATA2785
DATA2790
DATA2795
DATAZ2800
DATA 2805
DATA2810
DATA2815
DATAZB2Q
DATA 2825
DATA2830
DATAZ2835
DATA2840
DATA2845
DATA 2850
DATA2855
DATA2860
DATA2865
DATA2870
DATA2875
DATA 2880
DATA2885
DATA2890
DATA2895
DATA2900Q
DATA 2905
DATA2910
DATA2915
DATA2920
DATAR2925
DATA 2930
DATA2935
CATA2940
DATA2945
DATA295C
DATA 2955
DATA2960
DATA2965
DATA2970
DATA2975
DATA 2980
DATA2985
DATA2990
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1240

1250

1260

1270

1280

1290

[aNaNaNal

T0 1300
GC 10 1320
1300 DO 1310 J=le4
1310 ISIMP L. J)=1SBIMPJILJ)
DL{MPI)=DLBIMNPY)
DCOSXIMPI)=DCUSXBIMPJ)
DCOSZIMPII=0COSZBIMPY)
GO TO 1330
1320 CONTINUE
I[STOP=ISTOP+1
PRINT 14900.MI
1330 CONTINUE
1340 DO 1350 NP=1.NNP
1350 RP(NPI=0,
IF (NBC.EQ.U) GO TO 1440
C
C READ TRANSIENT-STATE BUUNDARY CCNDITICNS OF THE FORM H=BS
[
NPP=0
1360 IF {NPP.EQ.NBC) GO TO 1420

180

MPI=0
IF (MPI.EQ.NRSEL) GO TGO 1280
READ 120004M141S1eiS2¢KINC
IF (KINC.GT.0) GO TO 1250
MPI=MP[+]
NRSE(MPI)=M]
IS(MPL. 1)=151
IS(MPIs2)=1S2
GO TG 1230
IF (MPILGT.0) GO TO 1260
ISTOP=ISTOP+1
PRINT 15600
NPINC=IABSIISIMPL+2)-1IS(MPI. 1)}
MINC=TABSINPINCI-1
MINC=MAXO(MINC+1)
MJ=NRSE(MPI)+MINC
MK=M]~-]
D0 1270 M=MJyMK,MINC
MPJ=MPI
MPI=MP] +]1
NRSE{MPI)=M
IS(MPL L 1)=IS{MPJ+1) #+NPINC
IS(MPL +2)=1S(MPU+2)+NPINC
GO 70 1240
PRINT 11700
DO 1290 MP=1.NRSEL
M=NRSE (MP)
PRINT 13000.MeiS(MPel)ISI(MP,2)

DETERMINE DIRECTION COSINES FCR TRANSIENT-STATE RAINFALL-SEEPAGE
SURFACES

DO 1330 MPI=1,NRSEL
MI=NRSE(MPI)
DO 1320 MPJ=1,NBEL
MU=NBE (MPJ)
IF (MJ.NE.MI) GO TO 1320

IF (ISB{MPJ,1).EQ.ISIMPL+1) ANDLESBIMPI,2).EQ.ISIMPI,2}) GO

To 1300

IF (ISBIMPJUs1)EQIS(NMPI+2) o ANDLISBIMPUI2).EQ.ISIMPI,1))} GO

DATA2995
DATA3000
DATA3005
CATA3010
CATA3015
DATA3020
DATA3025
DATA3030
DATA3035
CATA3040
DATA3045
DATA3050
DATA3055
DATA3060
DATA3065
DATA3070
DATA3075
DATA3080
DATA3085
OATA3090
DATA3095
DATA3100
CATA3105
DATA3110
DATA3115
DATA3120
DATA3125
DATA3130
DATA3135
DATA3140
DATA3145
DATA3150
DATA3155
DATA3160
DATA3165
DATA31T70
DATA3175
OATA3180
DATA3185
DATA319¢
DATA3195
DATA3200
DATA3205
DATA3210
DATA3215
DATA3220
DATA3225
DATA3230
DATA3235
DATA3240
DATA3 245
DATA3250
DATA3255
DATA3260
DATA3265
DATA3270
DATA3275
DATA3280
DATA3285
DATA 3290
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1370

1380

1390

1400

1410
1420

1430
1440
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IF (NPP.LT.NBC) GO TU 1370
PRINT 14300.N8C
ISTOP=1STCP+]
GO TO 1420
READ 13300.NI+NPINC.BBI
IF (NPINC.GTL0} GG TO 1390
NPP=NPP+1
NN{NPP)=NT
BB INPP)=BBI
GO TO 136C
IF {NPP.GT.0) GO TO 1400
ISTOP=1STOP+1
PRINT 15400
NJ=NN{NPP ) +NP INC
8BJ=BBINPP)
NK=NI-1
DO 1410 NP=NJ¢NK¢NPINC
NPP=NPP+]
NN(NPP)=NP
BBINPP)=B8J
GO TC 1380
PRINT 11800
DO 1430 NPP=1,NBC
PRINT L13200«NN(NPP) +BBINPP)
IF (ANST.LE.O) GO TO 1540

C READ TRANSIENT-STATE SURFACE-TERM PCINT FLUXES

C

1450

1460

1470

1480

NPP=C
MP=0
PRINT 11900
IF (MP.EQ.NST) GO TO 1500
READ 13400sNIeNJeKINCoELIoEJ
IF (KINC.GT.0) GU TOU 1470
MP=MP+]
DX=XINT )-X{NJ}
DZ=2{NI1)-Z(NJ)
EL=DSCRTE{DX*DX+DZ*DZ)
PRINT 1350CeNIoNJoELCEJ
RPINI)=RPINI)+EI*EL/3.0+EJ*EL/6.0
RPINJI=RPINJI+EI*EL /6. O¢EJ*EL/3 0
NPP=NPP+¢]
NPST(NPP} =NI
NPP=NPP+ 1
NPSTUNPP)=NJ
EK=EJ
GO TGO 1450
IF {(MP.GT.0) GU TO 1480
1STOP=1STOP+1
PRINT 15700
NP INC=1ABS(NJ-NI)
NPMIN=MAXO(NPSTINPP) NPSTINPP-1))
NPMAX=MING{NIsNJ)—-1
DO 1490 NK=NPMIN.NPMAX +NPINC
NL=NK+NPINC
MP=MPe ]
DX=XINKI-XENL)
DZ=2Z(NK)-Z(NL)
EL=DSQRT{DX*UX+0D1%*DZ)
PRINT 13500 ¢NKoeNLsEKoEK

DATA3295
DATA3300
DATA3305
DATA3310
DATA3315
DATA3320
DATA3325
DATA3330
DATA3335
CATA3340
DATA3345
DATA3350
DATA3355
DATA3360
DATA3365
DATA3370
DATA3375
DATA3380
DATA3385
DATA3390
DATA 3395
DATA3400
DATA3405
DATA3410
DATA341S
DATA3420
DATA3425
DATA3430
DATA3435
DATA3440
DATA 3445
DATA3450Q
DATA3455
DATA3460
DATA3465
DATA3470
DATA3475
DATA3480
DATA3485
DATA3490
DATA3495
DATA3500
DATA3505
DATA3510
DATA3S1S
DATA3520
DATA3525
DATA3530
DATA3535
DATA3540
DATA3545
DATA3550
DATA3555
DATA3560
DATA3565
DATA3570
DATA3575
DATA3580
DATA3585
DATA3590
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RPINK)=RPINK) +EK*EL /2.0 DATA3595
RPINLI=RPINL)+EK*EL /2.0 DATA3600
NPP=NPP+1 DATA3605
NPSTINPP)=NK DATA3610
NPP=NPP+) DATA 3615
NPSTINPP)=NL . DATA3620

1490 CONTINUE DATA3625
GO TC 1460 DATA363C

1500 NPPMAX=NPP DATA3635
NSTN=0 DATA 3640

DO 1530 NPPI=1.NPPMAX DATA 3645

IF (NSTN.EQ.O} GU TO 1520 DATA3650

DO 1510 NPPJ=1.NSTN DATA3655

IF [NPSTINPPL).EU.NPST(NPPJ)) GO TO 1530 DATA3660

1510 CONTINUE DATA3665
1520 NSTN=NSTN+1 CATA3G7C
NPSTINSTNI=NPSTINPPI) DATA3675

1530 CCNTINUE DATA368C
C DATA3685
C APPLY TRANSIENT~STATE DIRICHLET BOUNDARY CONDITIONS TO INITIAL DATA3690
C CONDITICNS DATA3695
C DATA3700
1540 IF {NBC.EQ.O0) GO TO 1560 DATA3705
DO 1550 NPP=1,NBC DATA3710
NP=NN{NPP) DATA3715

1550 HINP)=BBINPP) DATA3720
1560 IF (1STOP.EQ.u} GO TOU 1570 DATA3725
PRINT 15800, I5TOP DATA373¢C

sT0P DATA3735

1570 RETURN DATA3740
10000 FORMAT(3SHOINPUT TABLE la.. BASIC FARAMETERS // 5%, DATA3745
> 40H NUMBER UF NODAL PUINTSa. = o o o o o o «¢I5/ 5X, DATA3750

> 40H NUMBER UF ELEMENTSe o o o o o o o o o #9205/ 5X, DATA3755

> 40H NUMBER OF DIFFERENY MATERIALS o o o &« <915/ 5X, DATA3760

> 40H NUMBER GF CORRECTION MATERIALS. o« o o 2157 5X, DATA3765

> 40H NUMBER UF TIME INCREMENTS o o o o o o «¢15/ 5X, DATA3770

> 40H STEADY—-STATE l.Co CONTRCL o o o « o » =915/ 5Xy DATA31775

> 40H SOIL-PROPERTY CONTROL 2 o @ =« o o = o «215/ 55X, DATA3780

> 40H NUMBER (UF SOIL PARAMETERS o o o o = o =2¢l5/ 5X, DATA3785

> 40H AUXILIARY STORAGE CONTRCL & o« o o o o =915/ 5X, DATA3790

> 40H CONDULCTIVITY-PERMEABILITY CCATROL « o «915/7 5X, DATA31765

> 40H GRAVITY CONTROL « 2 o o o o « o o « o oI5/ 5X, DATA3800

> 40H RESTART PARAMETER « o« o« o o o« o o o « 2+15/ 5X, DATA3805

> 40H MAXIMUM ITERATIUNS PER CYCLE. w « o « 915/ 5X, DATA3810

> 40H MAXIMUM CYCLES PER TIME STEP. o o o o «+15) DATA3815

10100 FORMATISX.40H TIME INCREMENT. o o o o o o o o « o o +2F1l0.6/ 5X. DATA3820
40H MULTIPLIER FOR INCREASING DBELT. o o« - +¢Fl0.6/7 5X, DATA3825

>
> 40H MAXIMUM VALUE OF DELT o o o « o o = o« «¢010.4/7 5X, DATA383C
> 40H MAXIMUM VALUE OF TIME o o o « o o o « 2¢D10.4/ 5X, DATA3835
> 40H DFEGREES OF PRIN-AXIS IMLINTICN. o « «+Fl0.6/7 5X, DATA3 840
> 40H STEADY-STATE TOLERANCE- « = « o = o o «9F10.6/ S5X,. DATA3845
> 40H TRANSIENT-STATE TULERANCE o o o o o o «2Fl0.6/ 5X, DATA385¢0
> 40H DENSITY OF WATER. « o o o o o » o = = «oF10.6/ 5X, DATA3855
> 40H ACCELERATION OF GRAVITY o o o o o o « «+F10.3/ SX, OATA3860
> 40H VISCOSITY OF WATERe o o o o o o o = o «oFl0.6/ 5X, DATA3865
> 40H TIME-INTEGRATIUN PARANETER. o « o o « «oFl0.6}) DATA3870
10200 FORMAT(//6X«¢14HOUTPUT CONTRCL) DATA3875
10300 FORMAT(36HLINPUT TABLE 2.,. MATERIAL PROPERTIES// 9H MAT. ND., 9( ODATA388C
> 3A4)) DATA3885

10400 FORMAT{S3IHLINPUT TABLE 3.. SCIL~PRCPERTIES INTERPOLATICN VALUES// DATA3890
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> 9H MAT., NO.+IXeBHPRESSURE,13Xe 16HMCISTURE CGNTENT, 4X,
> 25HCONDUCTIVETY/PERMEABILITY«6Xy L 4HWATER CAPACITY)

10500 FORMAT{44HLINPUT TABLE 3..

> 9H MAT. NO.ed(3A4))

10600 FORMAT(4OHLINPUT TABLE 4.. CCNDUCTIVITY PARAMETERS// 9h MAT. NO.,

> 2(3a4))

10700 FORMAT{33HLINPUT TAHBLE S..

> 14X+ 1HZ)

10800 FORMAT{29HLINPUT TABLE 6.. ELEMENT

DATA// 11X,

PCISTURE-CONTENT PARAMETERS//

NODAL PCINT DATA// 7Xe4HNODEs 8Xe1HX,

> 31HGLOBAL INDICES OF ELEMENT NODESATXeTHELEMENT 93X ¢LHLo 7Xe 1H2,
> TXelH39TXelH4e6XeBHMATERIAL 04X +9HNCDE DIFF.)
10900 FORMAT (64H CORRECTIUNS TC MATERIAL TYPES AND CLASSES FOR SELECTEDDATA3950
> ELEMENTS)

11000 FORMAT{4SHLINPUT TABLE Te.

«0H
40H
40H
40H
40H
40H

VVVVVYV

NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER

OF

BOUNDARY CCMDITICNS « - »
SURFACE TERMS o o o o o o
RAINFALL PRCFILES o « « »
RAINFALL PARAMETERS « o
RAINFALL-SEEPAGE ELEMENTS
RAINFALL-SEEPAGE NCDES. .

-
.
.
.

.

oo 15/
«s I5/
~s 15/
«e 15/
ee 15/
«9 I5)

11100 FORMAT(SIHLINPUT TABLE B8.. STEADY-STATE BOUNDARY
> 9HFORM H=BB//0H NOUE «7X.2HBB)

11200 FORMAT{43HLIINPUT TABLE 9a..
> 33H E=ELl AT NUDE NI

> 13X 2HES/)

11300 FORMAT(43HLINPUT TABLE 10..

40H
40H
40H
40H
40H
40H

VVVVVvV

NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER

BOUNDARY CONDITICNS . «
SURFACE TERMS o w o o o «
RAINFALL PRCFILES o« «

RAINFALL PARAMETERS . .
RAINFALL-SEEPAGE ELEMENTS
RAINFALL-SEEPAGE NCDES. o

TRANSIENT B.C

11400 FORMATI31HLINPUT TABLE ll.. RAIMNALL DATA)

11500 FORMAT(/8H PROFILE«I5/8Xe4HTIME 11X v4HRATE)
11600 FORMAT{S1HIINPUT TABLE 12..

> 6Xe 4HNODE o6 R 4HTYPE«5Xo SHCEPTH)
11700 FORMAT(S4HLINPUT TABLE 13.. RAINFALL-SEEPAGE SURFACE INFORMATION//DATA4O075
> S5XeTHELEMENT«2X+6HNODE 1¢2X+6HNODE 2)

11800 FORMAT(SOHLINPUT TABLE l4..

> 6H

11900 FORMAT(31HLINPUT TABLE 15..
> 33H E=El AT NOOE NI,

NODE + 7X.2H88)

> 12Xe2HEJ/)

12000 FORMAT(1615)
12100 FORMAT(80I1)

12200 FORMAT(10X,10011)
12300 FORMAT(B8F10.0)
12400 FORMAT(2(1P0L5.41)

12500 FORMAT(I8,9012.4)

12600 FORMAT(18+D19«4¢3025.4/12X4¢4D2544))
12700 FORMAT{IB,9D12.4/(8X%X+9D12.4))

12800 FORMAT(15,2F10.3)

12900 FORMAT{110+2D15.4)

13000 FORMAT{I10+418+8104113)

13100 FORMATII100¢32Xe110¢32X.110)

13200 FORMAT{15.015.4)

13300 FORMAT(215,2F10.0)

13400 FORMAT(3I5¢5X¢2F10.0)

13500 FORMAT(2110,2(1PD15.4))

13600 FORMAT(I54+5XeF 10.0)

SURFACE TERMS,
E=EJ AV NODE NJ// 5H

STEADY-STATE B.C. PARAMETERS// 5X,

5Xe
SXo
5Xe
SXs
5Xe

CONDITIONS OF

STEADY-STATE SURFACE TERWNMS,
E=EJ AT NCDE NJ//8Xy2HNI+B8Xe 2FNJ¢10Xs 2HET,

PARAMETERS// 5X,

-0 15/
«e 15/
«» 15/
-9 I5/7
e 15/
00[5,

5Xe
5Xe
5Xe
SXe
5Xe

RATIANFALL DISTRIBUTION AND PONDING//

BOUNDARY CONDITIONS OF FORM H=B8//

NI+ 5H NJe6Xo 2HET o

DATA3895
DATA3900
DATA3905
DATA3910
DATA3915
DATA3920
DATA3925
DATA3930
DATA3935
DATA3940
DATA3945

0ATA3955
DATA3960
CATA3965
DATA3970
DATA397S
DATA398¢
DATA3985
DATA3990
DATA3995
DATA4000
DATA4Q0S
DATA4010
DATA4015
DATA 4020
DATA4025
DATA4030
DATA4035
DATA4040
DATA4045
DATA4050
DATA4055
DATA4060
DATA4065
DATA4Q70

DAYA4080
DATA40B5
0ATA40Q90
DATA4095
DATA4100
DATA4105
ODATA4LLIQ
CATA4LLS
DATA4120
DATA4125
DATA4130
DATA 4135
DATA4140
DATA4145
DATA4150
DATA4155
DATA4160
DATA4165
DATA4170
CATA4175
DATA4180
DATA4185
DATA4190



13700
13800
13900
14000
14100
14200
14300
14400
14500
14600
14700

FORMATI(////33H
FORMAT(///7729H
FORMAT(////301
FORMAT(////36H
FORMAT(////41H
FORMAT( ////36H
FORMATL////3TH
FORMAT(////31H
FORMAY(////38H
FORMAT(////740H
FORMATL////406H
> N
FORMAT{////43H
FORMAT(////34H
FORMATL////28H

14800
14900
15000

184

TOO MANY NCCAL PCINTS, MAXIMUM =,15/7/) DATA4195
TAO MANY ELEMENTS, MAXIMUM =,15///) DATA4200
TOO MANY MATERIALS. PAXIMUM =,15///7) DATA4205
TOU MANY SCIL PRCPERTIESs MAXIMUM =,15///) DATA4210
TOO MANY CORRECTICN MATERIALS, MAXIMIM =,15///) DATA4215
TOO MANY TIME INCREMENTS, MAXIMUM =,15///) DATA4220
CHECK BOUNDARY CCNCITICNS, MAXIMUM =,15///) DATA4225
CHECK SURFACE TERMS, MAXIMUM =,15///1) DATA4230
TOO MANY RAINFALL PRCFILESe MAXIMUM =,15///) DATA 4235
TUuU MANY RAINFALL PARAMETERS, MAXIMUM =,15///}) DATA4240
TOO MANY RAINFALL—SEEPAGE ELEMENTS, MAXIMUM =,1I5 //DATA4245

DATA4250
TOO MANY RAINFALL-SEEPAGE NODES. MAXIMUM =,15///) DATA4255
ERROR IN SURFACE CARD FOR ELEMENT.I5/7/) DATA4260

EXECUTIGN HALTED BECAUSE OF.I5.13H FATAL ERRORS///)UATA4265

15100 FORMAT(////304 ERRUOR IN NCODAL-PCINT CARD NO.,I5//7) DATA427C
15200 FORMAT(////726H ERRUR IN ELEFENT CARD NO..I57//7) DATA4275
15300 FORMAT(///736H ERROR IN INITIAL~-CCNDITION CARD NG.,15///) DATA4280
15400 FORMAT(////49H4 ERRUR IN FIRST H=BB TYPE BOUNDARY-CONDITION CARD //DATA4285
> N DATA 4290
15500 FORMATIL///748H ERROR IN FIRST RAINFALL-TYPE-PONDING-DEPTH CARD///)DATA4295
15600 FORMAT(////45H ERRUR IN FIRST RAINFALL-SEEPAGE ELEMENT CARD///) DATA4300
15700 FORMAT(///733H ERRUR I N FIRST SURFACE-TERM CARD///) O0ATA4305
15800 FORMAT(////45H ASSEMBLY AND SCOLUTICN WILL NCT BE PERFORMED.s15. DATA4310
> 19H FATAL CARD ERRURS///) DATA4315
15900 FORMAT(////40H ERROR [N MATERIAL TYPE CODE FCR ELEMENT,IS5///) DATA432C
ENC DATA4325
SUBROUTINE VELT{VXeVZoHT yHo AKX AKZ ¢ MAXEL 4MAXNP) VELT (o}
Cc VELY 5
C VELT 10
C FUNCTYION OF SUBROUTINE--TO DETERMINE CARCY VELOCITIES VXIM,KQ) AND VELT 15
C VZI{MN,KQ) AND THE TOTAL HEAD FT(NP) VELT 20
Cc VELY 25
[ VELT 30
IMPLICEIT REAL*8 (A-H,0-1) VELT 35
COMMCN/GEOM/X1690 )+2( €90 ).B8B1690 ),0CO0SXBL612 ),DC0OSZBL(O6L12 ),
> DLB(612 D eDELTeCHNGeDELMAXoTMAX o SNFESCSFEY NN(690 ) JNPST(690 ).
> NBE(6L2 JoIE(612 ¢5)eISBI6E12 o4) s NNPoNELe NMAT s IBANCoNBCoNSToNTI,
> NBEL+NSTN,NSTRT
DIMENSICN DNX{4%e4) eONZ (4 ¢4) e XQU&)+2C(4) e VXINMAXELs4 ) VZIMAXELs %) VELT 640
> HT{MAXNP ) 4 AKX{MAXEL %) s AKZ{MAXEL»4) ,HIMAXNP) VELT 65
1sT0P=0 VELT 70
DG SC M=]1,NEL VELY 75
C VELT 80
C FOR EACH ELEMENT M PREPARE VARIABLES XCLIQ) ANC ZQUIQ) FOR Q4D. VELT 85
C WHICH DETERMINES DERIVATIVES DAX{TC,KC) AND DNZ(I1Q,KQ) OF EACH OF VELYT 90
C THE FOUR BASIS FUNCTIONS N(IQ) AT EACH NODAL PGINT KQ VELT 95
c VELT 100
DO 10 10=1,4 VELT 105
NP=1E(Me1Q) VELT 110
XQUEIQ)=XI{NP) VELT 115
10 2Q(1Q)=Z(NP) VELT 120
CALL Q4D(DNXeDNZoAREAsXCoZC) VELT 125
IF {AREA.GT.U.0) GO TO 20 VELT 130

ISTOP=1ISTOP+1

VELT
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PRINT 10000.M

FOR EACH NCDAL POINT KQ SUM CVER CCNTRIBUTIONS FROM EACH BASIS—
INTERPOLATION FUNCTION N{IQ) TC OBYAIN DERIVATIVES DHX AND DHZ
OF THE PRESSURE HINP)

20 DC 40 KQ=le4
DHX=0.
DHZ=0.
D0 30 IQ=1.4
NP=IE (M, 1Q)
DHX=DHX+DNX(IQ.KQ)I*HINP)
30 DHZ=DHZ+DONZLI1Q+KCI*H(NP)

FORM THE DARCY VELOCITIES VXIM(KC) AND VZI(M,XQ)

MTYP=1E(M.5])
VX{MeKQ) =~AKX{My KQ) * {CHX~SNFE)
40 VI(MKU)=—AKZAMKQ)* (DHZ+CSFE)
50 CONTINUE
IF (ISTOP.GT.O0) STOP

CALCULATE THE TOTAL HEAD HTY(INP)
NO 60 NP=1,NNP

60 HYENPI=HINP)-X(NP)®*SNFE#ZINP)I*CSFE
RETURN

10000 FORMATI/SX»1 T ARkLA OF ELEMENT oI5.164H IS NEGATIVE /)

[aNaNaNaNaNalal

[aNaNalal

END

SUBROUTINE Q4D{DNXsUNZ+AREAXQsZIC)

FUNCTION OF SUBRUUTINE—TO COMPUTE X AND Z DERIVATIVES DNx{1Q.KQ}
AND DNZ{IQ.KQ) OF EACH BASIES FUNCTION N{IQ) AT EACH NOCE K@ OF THE
FLEMENT. RESULTS ARE IN THE GLCBAL COORUINATE SYSTEM,

IMPLICIT REAL*8 (A-H.0-2)

DIMENSTION S(4) oT(4) sONX{4o4)sDNZ{(4+4)eXQ{4)e20(4)

CATA S /7 -1.00400+ 1.00¢00y 1.0C+00,-1.00+400 /o T / -1.,00400,~
> 1.00400, 1.00+400+ 1.0D400 /

EVALUATE QUANTITIES FOR USE IN THE JACCBIAN DJ/8, BELOW, NECESSARY
FOR TRANSFCRMATION FROM GLOBAL TO LOCAL COORDINATES

x12 = xQ{1) - XxQ(2)
X13 = XQ¢1) - x0(3)
X23 = XQ{2) - XG(3}
X14 = XQ{1) — XO(4)
X24 = X0(2) - XQ(4)
X34 = XQ{3) - X0(4)
Z13 = 2Q(1) - Z0i(3)
124 = 1Q12) - I0(4)
134 = I1C(3) - 20(&}

12 0(1) - i0(2)

VELTY
VELT
VELTY
VELT
VELTY
VELT
VELT
VELTY
VELT
VELT
VELT
VELT
VELT
VELT
VELT
VELT
VELT
VELT
VELT
VELT
VELY
VELT
VELT
VELT
VELT
VELT
VELT
VELT
VELT

Q4D
Q4D
Q4D
Q4D
Q4D
04D
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D
Q40
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D

Q40
Q4D
Q4D
Q40D

140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
24Q
245
250
255
260
265
270
275
280

10
15
20
25
30
35
4Q
45
50
55
60
65
70
15
80
85
90
95
104
108
110
115
120
125
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123 = IQ(2) — 20(3)
Zl4 = 210(1) ~ 20(4)
AREA = X13%724¢ - X24%Z13
LOOP OVER EACH NODE
D0 10 KC=1ls4
LOCAL CGORDINATES OF ANY GIVEMN NCDE ARE (SS.TT)

SS
T7

S{KQ)
Ti{KQ)

inow

EVALUATE *JACCBIAN®
DJ = AREA ¢ SS5%({X34%712-X12%734) + TT*(X23%214-X14%223)
DETERMINE THE DERIVATIVES OF EACH BASIS FUNCTION AT NOCE KQ

DNZ{1leKQ)=(~X24¢X34%SS¢X23%TT)/DJ
ONZL2,KO)={#XL3~X34%55-X16*TT}/DJ
DNZ(3.KQ)=(+X24-X12%5S¢X14*TT)}/0J
DNZ(4eKQ)={-XL3+X12%SS-X23*TT)/DJ
DNX{1eKQI=(+224-134%S5-123*TT1)/0J
ONX{2eKQ)={—-213+4234%55+714*TT}/DJ
DNX(3eKQI=(-224+212%55~-114%TT)/0J
DAX(4eKCI=(+213-212%S5¢223*%TT) /04
10 CCNTINUE
RETURN
END

SUBRCUTINE BCPREPINCHG ¢ MAXNP ¢ TIME s VXe VZeMAXEL o MXRFPRyHo AKXy AKZ)

FUNCTION OF SUBROUTINE--TO PREPARE BCUNDARY CONCITIONS FOR THE
RAINFALL-SEEPAGE NUDES. IF TFE PRESSURE H(NP) BECOMES GREATER THAN
THE PUDDOLING DEPTH HCUN(NP)+ THEN THE RAINFALL RATE IS GREATER

THAN THAT wHICH CAN BE ABSORBED BY THE SOIL AND EITHER INWARD FLUX
CONTINUES AT A REDUCED RATE CR SEEPAGEe OUTWARD FLUXs, BEGINS.

IN EITHER EVENT THE BOUNUDARY CCNDITICN IS CHANGED TQO THE

CONSTANT PUDDLING DEPTH HCONINP). ON THE OTHER HANO. SHOULD THE
INTERJOR DARCY FLUX DEYFLX{NP) BECCME GREATER THAN CAN BE MAINTAINED
BY THE EXTVTERNAL FLUXe. A CHANGE TG A FLUX BOUNDARY CONDITION IS
EFFECTEC.

IMPLICIT REAL*8 (A-H.0-2)

COMMCN/GECM/X(690 ),20 690 ).BB(690 ),DCOSXBI612 ).DCOSZIB(6L2 ),
> DLBL612 )eDELT+CHNGeDELMAX TMAXeSNFEZCSFE+NN(690 ) +NPST(690 1},
> NBE(612 DoIEL612 o5)e1SBU612 ¢4) oNNPyNELs NMAT, IBANCINBCoNSTNTI,
> NBELoNSTNNSTRT

COMMCN/RFSP/DCYFLX{ 690 ) oHCCNI690 ) «FLX{690 ),DCOSX (612 ),
> DCOSZ€612 JeDL{OLL Vo TRFU2+:20) oRF(2+20) sRFALL(2)¢ IRFTYP (690 ),
> NPRS(6S0 )+ NPCON(6F0 )eNPFLX{690 )oNRSEL612 )oIS(612 ,4).NRFPR,
> NRFPAR.NRSEL«NRSN

CIMENSICN H{MAXNP) ¢ VX{MAXEL ¢4 ) o VIIMAXEL+4) o AKX(MAXEL+4 )y

Q4D
04D
Q4D
Q4D
Q4D

Q4D
Q4D
Q4D

Q4D
Q4D
Q4D
Q4D

Q4D
Q40
C4D
Q4D
Q4D
Q4D
Q4D
Q40
Q4D
Q4D
Q40
Q4D
04D
Q4D
Q4D

BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
B8CPR
BCPR
BCPR
BCPR
BCPR

BCPR

130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275

120
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> AKZ(MAXEL +4)«DFLXQI2) oKQE2) +HCU4) o AKXQL4) 4 AKZO(4) ¢ X0(4),20(4)
CALCULATE THE RAINFALL RFALL{I) FRCM EACH PROFILE

IF (NRFPR.EQ.D0) GO TO 40
DO 30 I=1.NRFPR
NC 20 J=2+NRFPAR
IF (TRF{L+J-1)eLE-TINFELAND.TIMELLELTRF{I,J)) GO TO 10

GQ TQ 20
10 RFALLUII=RF (Lo -1} # (TIME-TRF{I+J-1))*(RF{I,JI=-RF(I,J-1))/
> (TRF(LeJI=TRF{I+d=-1))
GO T0 30
20 CONTINUE

30 CONTINuUE

DETERMINE THE NORMAL RAINFALLS FLXINP) AND DARCY FLUXES DCYFLX{(NP)
FOR EACH RAINFALL~-SEEPAGE NODAL PCINT

40 DO 50 NP=1.NNP
FLXUNP)=0.

50 DCYFLX{NPI=0.

00 70 MP=1,.NKSEL

M=NRSE (MP)
NI=1S(MP,1)
NJ=IS(MP, 21
NITYP=IRFTYPINI)
NJTYP=IRFTYP(NJ)
RFNI=0.
RFNJ=0.
IF (NITYPLGTL0) RFNI=RFALLANITYP)
IF (NJTYP.GT.0) RFNJ=RFALLINJTYP)

OBTAIN RAINFALL RATES RFNI ANC RFNJ AT PCINTS NI AND NJ NORMAL TO
THE SIDE SUBTENDED BY THESE PCINTS

MYYP=[E(Ms5)
RENI=-RFNI¥DCQOS2IMP)
RENJ==RENJ*OCUSIIMP)

OBTAIN DARCY FLUX KATES VNNI AND VANJ AT THESE SAME POINTS AND
NORMAL T0 THAT SAME SIDE

KQ{1)1=1S{(MP.3)
KC{2)=1S(MP ¢4}

CALCULATE RAINFALL FLUX PASSIANG THROUGH SIDE (NI.NJ) AND CIVIDE IT
INTO TWO PARTS FLXINI) AND FLXINJ). PERFORM A SIMILAR COPERATION TO
OBYAIN CARCY FLUXES DCYFLXIND) AND CCYFLX{NJ)

FLXIND)=FLXANI)Y#RFNI*DLIMP)/3.0+RFNJI*DL(MP)/6.0
FLX{NII=FLX(NJI#RFNI*DLIMPI/6.0+RFNI*DLIMP)I /3.0
DC 60 10=1l.4
NP=TE(M,1Q)
XQUIQI=X(NP)
ICLICI=L(NP)
AKXQ{IQ)=AKXI{Me1Q)
AKZQ{(IQ)=AKZIM.10Q)
HCUIQI=HINP)
60 CONTINUE
CALL O4SEDFLXQeKQsDLIMP) ,CCOSX{MP},DCOSZ{MP)+HQy XQvZQs AKXQ.

BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
B8CPR
8CPR
BCPR
BCPR
BCPR
BCPR
8CPR
BCPR
BCPR
BCPR
BCPR
B8CPR
BCPR
BCPR
BCePR
BCPR
8CPR
BCPR
BCPR
BCPR
BCPR
BCPR
B8CPR
BCPR
BCPR
BCPR
B8CPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BLPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR

125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
2715
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370
375
380
385
390
395
400
405
410
415
420
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> AKZQos SNFEsCSFE ¢ARE A)
DCYFLX(NI)=UCYFLXINI) #DFLXQ{ 1)
DCYFLX(NJI=DCYFLX{NJ)+DFLXQ(2)

70 CONTINUE

CHANGE TO FLUX OR CONSTANT-HEAD COMDITICNS. AS NECESSARY, AND SO
INDICATE IN THE ARRAYS NPELX{APP) AND NPCONINPP)

IF (NCHG.NE.{-1)) GU TU 80
NCHG=0
RETURN
80 NCHG=0
OC 100 NPP=1+NRSN
NP=NPFL X{NPP)}
IF (NP.EQ.O) GO TO 90
IF (HCON{NP).GE.HI(NP))} GC TO 100
NPCONINPP)=NPFLX{NPP])
NPFLXINPP)=0
NCHG=NCHG+1
GC TC 100
90 NP=NPCONINPP)}
IF {FLX{NP)LLELOCYFLX{NP)) GC TO 100
NPFLX{NPP)=NPCON (NP P}
NPCONINPP}=0
NCHG=NCHG ¢1

100 CCNTINUE

RETURN
END

SUBRCUTINE BC(CoRoRPoMAXNP JMAXHEP+KSS)

FUNCTION OF SUBROUTINE--TO APPLY BCTH CONSTANT AND TIME-VARYING
(RAINFALL-SEEPAGE) FLUX-TYPE MNEUMAANN AND PRESSURE—TYPE DIRICHLET
BOUNDARY CCNDITIONS.

[MPLICIT REAL*8 (A-H,0-1)
COMMON/GECM/X{690 )21 690 ).BBL69C ).CCOSXB (612 ). DCOSZB(612 )y
> DLBI612 ) oDELToCHNGeDELMAXoTMAXy SNFEJCSFES NN(690 ) oNPST(690 )

> NBE(6L12 JoIE(612 ¢5)0I1SBL6E12 ¢4) eANNPNELoNMAT,IBANCyNBCoNSToNTI,

> NBEL+NSTNSNSTRT
COMMON/RFSP/DCYFLXE690 ) oHCCN(690 }FLX{690 ),DCOSXI6L2 ),
> DCOSZ(612 De0LLIOL2 JoTRF12420) ¢RF(2,20)RFALLIZ2), IRFTYP(690 ),

> NPRS{690 )oNPCON(690 ) oNPFLX{690 ) 4NRSE(612 ),1S(612 ,4)4NRFPR,

> NRFPARNRSEL«NRSN

DIMENSION C{MAXNP . MAXHBP) sR(MAXNP) +RP (MAXNP}
THALFB=(IBAND~1)/2

IHBP=1HALFB+1

IF (NBC.EQ.0Q) GO TO 90

APPLY CONSTANT DIRICHLET BOUNCARY CCMDITIONS
DO 80 NPP=1,NBC

MODIFY LOAD VECTOR FOR NON-ZERQC BB

BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
8CcPR
8CPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR
8CPR
B8CPR
BCPR
BCPR
BCPR
BCPR
BCPR
BCPR

8C
8C
8C
8C
BC
8C

8C
8C

425
430
435
440
445
450
455
460
465
470
415
480
485
490
495
500
505
510
515
520
525
530
535
540
545
550
555
560

10
15
20
25
30
35

85

95
100
105
110
115
120
125
130



C
10
20
30
40
c
C
c
50
c
C
C
60
10
80
C
c
c
90 IF
Do
100
110 IF
c
C APPLY
C
[o19]
[#
C
C

120
130

140
150

189

NI=NN{NPP)
IF (BB{NPP).EQ.0.0) GO TO 40
D0 10 1B=l.iHALFB
NJ=NI-i8
IF (NJ.LT.L) GO TO 2C
JBe=I[8B+1
RINJI=R{NJ)}-8BBINFP)*C(NJ,»JB)
DO 30 IB8=1.1HALFB
NJ=NI+I8
IF (NJ.GT.NNP) GO TC 40
Jé=18+1
RINJI=RINJ)~BBINPP)I*C (NI, JB)
RINT)=BBINPP)

ZERO COLUMN NN

DC 5C I8=1.1HALFB
NJ=NI-18
IF (NJoLT.1) GO TO 6C
JB=IB+1
CiINJ+JBY=0.0

MODIFY ROW NN

DO 70 XB=1l.1IHBP
CINI.KBI=0.0

C(NI.1)=1.0

CONTINUE

MOD IFY LOAD VECTOR FOR CONSYANT SURFACE TERMS OF THE FCRM DR/DN=C

(NST.EQ.O0) GO TO 110
100 NP=1,NNP

R{NP}=R (NP)-RP(NP)
(NRSN.EQ.O) GO TO 210

DIRICHLET TIME—VARIABLE (RAINFALL-SEEPAGE) CONDITIONS

190 NPP=]1.NRSN

MODIFY LCAD VECTOR FOR NON-ZERC HCCN

NI=NPCONINPP}
IF {NI.EQ.0) GO TO 190
IF (HCONINI).EQ.0.0) GC TC 150
DC 120 18=1+IHALFB
NJ=NI-18
IF {NJ.LT.1) GO TO 13C
JB=18+¢1
RINJI=RINJI-HCONINI )*C{NJ.JB)
DO 140 IB=1l.IHALFB
NJ=NI+IB
IF (NJ.GT.NNP) GO TC 150
JB=18+1
RINJI=RENJ)I-HCONINI)*C (NI JB)
RINT)=HCON{NI}

c
¢ ZERD COLUMN NPCON

C

135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370
375
380
385
390
395
400
405
410
415
420
425
430



190

DC 160 IB=1l+.IHALFB BC
NJ=NI~-18 8C
IF (NJ«lLTal) GO TO 170 8C
JB=18+1 8c
160 CiNJeJBI=040 BC
C 8C
C MODIFY ROW NPCUN 8C
C BC
170 D0 180 Kb=1l.1HBP 8C
180 CINI+KB}=0.0 BC
C{NI«.1)=1.0 BC
190 CCNTINUE BC
Cc BC
C APPLY NEUMANN TIME-VARIABLE {(RAINFALL-SEEPAGE) CONDITICNS BC
C BC
DC 2C0 NPP=1.NRSN 8C
NP=NPF L XINPP) BC
IF (MPL.EV.0) GO TO 200 19
RINPI=R(NPI-FLXINP) BC
200 CONTINUE 8C
210 RETURN 8C
END BC
SUBROUTINE ASEMBL(CeRoRPoHeHPoTHDTHs AKX +AKZsMAXNP, MAXHBP,MAXEL. ASEM
> KSSaw) ASEM
c ASEM
C ASEM
C FUNCTION OF SUBROUTINE--TO ASSEMBLE THE TOTAL COEFFIC IENT MATRIX ASEM
C CINP,IB) AND LOAU VECTOR RINP) FROM THE ELEMENT MATRICES QA{IQ,JQ)s ASEM
C 08(I1Qe.JC)s AND RQ{IiQ). ASEM
C ASEM
[ ASEM
IMPLICIT REAL®*8 (A-H,0-2) A SEM
COMMON/GECM/ X{ 690 ) +Z1 690 ).BB(690 )},DCOSXBL612 ),DCOSZBE(6L2 ),
> DLBU6L2 VeDELToCHNGsDELMAXTMA X SNFEJCSFES NNI6E90 ) oNPST(690 )
> NBE(612 VoIE(612 «5)0ISBL612 +4) «NNPoNELyNMATIBANCINBC+NSTHNTI,
> NBELeMSTNJNSTRT
COMMON/MTL/PROPL24+5) «THPRCP{2+52) « AKPROP(2452) ¢ HPROP(2452),
> CAPROP(2¢52) e NSPPM
COMMON/GC4PAR/NBL4e4) +uAl4+4)0RQA{4)+THQ(4) s DTHQ{4) s AKXQL4)y AKZQ(4)ASEM
> oAREAJALP.BETAP«PORe XQU4)eZCl4)oSINFE,COSFE ASEM
DIMENSION CUMAXNP s MAXHBP) RIMAXAP) ¢ THIMAXEL ¢4) s DTH{MAXEL o4} ASEM
> HIMAXNP) HP(MAXNP) JAKXEMAXEL+4) o AKZUMAXELy &) o IEM{ &), RP(MAXNP) ASEM
SINFE=SNFE ASEM
COSFE=CSFE ASEM
THALFB=({IB8AND~1)/2 ASEM
IHBP=IHALF8+] ASEM
DELTI=1./DELTY ASEM
WlzW A SEM
W2xl.-W ASEM
IF {KSS.GT.0) GO TO 10 ASEM
DELTI=0. A SEM
Wwi=l. ASEM
w2=0. ASEM
C ASEM
C INIVIALIZE MATRICES CINP.,IB)} AND R(NP) ASEM

435
440
445
450
455
460
465
470
475
480
485
490
495
500
505
510
515
520
525
530
535
540

10
15
20
25
30

40
45

160
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10 DO 20 NP=1,NNP
RI{NP)=0.0
DO 20 I8=1l.1HBP
20 CINP,IBI=0.0
D0 60 M=1,NEL

COMPUTE MATRICES QAlIW.JQle CRCIQeJC)s AND RQ(IQ) FOR ELEMENT M

MIYP=IE(M.5)
ALP=PROP(MTYP, 1)
BETAP=PROPIMTYP, 2}
PCR=PROP(MTYP.3)

DG 30 1Q0=l.4
NP=1E(M:s1Q)
TEM{IQ)=NP
XCLIQ)=XINP)
IQ(IQ)I=Z(NP)
THO(IQ)=THIM.IQ)
ODTHQUIVI=DTH(M.1d)
AKXQUIQ)=AKX{Ms1Q)

30 AKZQ(IQ)I=AKZ(M.1Q)

CALL Q4

ASSEMBLE QA(TIQ.J0) AND 0B(I1Q.JQ) INTC THE TOTAL MATRIX
CINP,IB) = B + A/DELT AND FORM THE LOAD VECTOR R{NP).
SINCE € IS SYMMETRIC. ONLY THE UPPER HALF BAND IS STORED

40 DC 50 IQ=1l+4

NI=TEMLIW}

RANIDI=RINIL)}-RO(IQ)

DO 50 JO=l.4
NJ=LEM(JQ)
QA(IO0+JUI=QALT10Q,JC)*0ELTY
RINI}=R(NI)+(QA{TQesJQ)I—-W2*CBLIQ,JQII*HPINJ)
IF (NJ.LT.NI) GO T0 50

IB=NJ—-NIi+]
CANKIBI=CINIIB)+CALIC,JQI+WL*QBI(IQ,I0)
50 CONTINUE
60 CONTINUE
RETURN
END

SUBRGUTINE Q4

FUNCTION OF SUBROUTINE—TO EVALUATE THE MATRIX QUADRATLRES OVER THE
AREA OF ONE ELEMENT OF WATER CONTENT AND COMPRESSIBILITY QALIQ,J0Q)

ASEM
ASEM
ASEM
A SEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
A SEM
ASEM
ASEM
ASEM
A SEM
ASEM
A SEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
ASEM
A SEM

Q4
04
04
04
Q4

AND OF CONDUCTIVITY QBI10,JQ) AND RQUIQ). THE LATTER ARISING FROM THEQ4

GRAVITY TERM IN THE MOISTURE-FLCW ECUATION. THESE INTECGRALS ARISE
THROUGH APPLICATION OF THE GALERKIN INTEGRATION SCHEME.

IMPLICIT REAL*8 {(A-H,0~1)
REAL*B N{4}
COMMCN/C4PAR/QB(4¢4) sQAl4+4)+RQ(4 )« THQ(4) . OTHQUL4), AKXQ{4) oAKZQL 4]}

Q4
04
Q4
Q4
Q4
Q4
Q4
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225
230
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245
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370
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> +AREALALP(BETAP,PORXWI4) «2Q14)4SNFELCSFE

DIMENSICON Si4)+Ti4)sUl4)eVvi4)

DATA P / 0.577350269189626 /+ S / -1.0D4¢00, 1.0D+00+ 1.0D+00,—
> 1.00+400 /9 T / -1.00+00,-1.00#00+ 1.00400, 1.00#00 /

INITIALIZE MATRICES QA+ QBy BAND RQ

DO 1C 10=1,4
RC{IQ)=0.
DC 10 JQ=1l+4
08(1QeJ0=0.0
10 QA{10Q.,J0)=0.0

EVALUATE QUANTITIES FOR USE IN THE JACCBIAN DJAC, BELOW., NECESSARY
FOR TRANSFORMATION FROM GLOBAL TC LOCAL COORDINATES

X12 = XQt1) - xQ&2)
X13 = XQ{1) - XxQ(3)
X23 = XC€(2) - X0(3)
X14 = XC{1) — X0{«)
X24 = XQ(2) ~ XQ(4)
X34 = xQU{3) - X0Ute)
I13 = ZQ(1l) - 10(3)
224 = 2Q82) - 20¢4)
134 = 10(3) - 10(4)
212 = IQt1) - Zul2)
223 = I1C(2) - 10(3)
214 = IC(1) — LU(4)

AREA = X13%724 — X24%113
D0 4C KG=1.4

DETERMINE LOCAL COGRDINATES (SS«TT) OF GAUSS-INTEGRATICN POINT KG

S<
17

P*S{KG)
P*T(KG)

EVALUATE THE JACODBIAN DJAC

DJ = AREA ¢ SS®({X34%212-X12%234) + TT*(X23%714-X14%723)
DJI = 1./D4
DJAC = L125%04

CALCULATE VALUES OF THE BASIS FUNCTIONS N(IQ) AND THEIR DERIVATIVES
V AND U WaeR.T. X AND 2. RESPECTIVELY, AT THE GAUSS POINT KG

SM = 1.0 - S§S§
SP = 1.0 + S§
TM = 1.0 - TT
TP = 1.0 ¢+ IT7

UIL)={~X24+X34%S5+X23*TT)*DJ1
UL2)=(+X13-X34%55-X14*TT)*00l
U(3)={#X24— X1 2% S5+ X14*TT)*DJI
UC4d=(~X13+# X12#*S5-X23*TT)*DJi
VI1)={+224-134%S55-223*T1)%DJ1
VI2)=(-113+134%S5S5¢14*TT)®0J1]
V(3)=(-124+112%S5S-L14*TT)*DJi
VI4)={+Z13-212%55+¢223071)*DJ}
N(1)=0.25%SM% M

N{2)=0.25%5P%TM

N{3}=0,25%SP%TP

65
70
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N14)=0.25%SM*TP

INTERPQLATE WITH THE BASIS~INTERPOLATICN FUNCTICNS N{I[C) TO OBTAIN
VALUES CF CONDUCTIVITY AKXQP AND AKZCP, WATER CONTENT THQP, AND
WATER CAPACITY OTHWP AT THE GAULSS INTEGRATION POINT

AKXQP=0.

AKZQOP=0.

THQP=0.

DTHQP=0.

DC 20 I0=1+4
AKXQP=AKXWP+AKXQ(IQ)*NI1Q)
AKZQP=AKZOP#AKZQ(IQI*NLIQ)
THOP=THUP+THO(IQ)®NIIC)

20 DTHOP=DTHOP+DTHQ(IQ}2N(IQ)

ACCUMULATE THE SUMS TO EVALUATE THE MATRIX INTEGRALS QA(IG.JQ),
QB(IQ+J4C)s AND RQO(IQ)

FHP=ALP*THUP/POR+BE TAP*THCP+DTHCP

AKXQP=AKXUP*DJAC

AKZIQP=AKZUP®UJAC

FHP=FHP*DJAC

DC 30 IQ=1.4
ROIIQI=RUIQ)~VIIQ)*AKXQP*SNFE+U(IQ)®AKZQP*CSFE
D0 30 JO=1+4

QA(IQeJQI=QALIQ¢ JCI+FHFENLICI*NIJQ)

0B(IQ,JQI=ABLI0s JC)¢VIIQ)*AKXQPRYV [ JC)+U(TIQ)*AKZQAP*U(JQ)
30 CONTI NUE
40 CCNTINUE
RETURN
END

SUBROUTINE SPROP(THe DTHeAKX¢sAKZ yHs MAXEL s MAXNP)

FUNCTION OF SUBRJUTINE-~TO CALCULATE SOIL PROPERTIES, I.E. THE
WATER CONTENTS TH{M,IQ)s wATER CAPACITIES DTH{M.IQ), AND
PRINCIPAL VALUES OF THE CUNDUCTIVITY TENSOR AKX{M,IC) AND AKZ{M.,1Q).

IMPLICIT REAL*8 (A-H.0-1}

COMMCN/GFOM/X( 690 )eil 690 ).BB(690 },DCO0SXB(612 ), 0COSZB(6LI2 )
> DLBL612 DeDELTCHNGoDELMAXSTMAX, SNFEWCSFE. NN(690 ) yNPST (690 ),
> NBE(612 VoIE(612 05)eISBUEL2 +4) yANNPoNEL+NMAT s IBANCoNBCoNST,NTI,
> NBEL+NSTNJNSTRT

COMMOCN/MTL/PROP(245) s THPRLCF(2+52) s AKPROP(2452) 4 HPROP(2,52).
> CAPROPU2+521+NSPPM

DIMENSION TH(MAXEL 43 s AKX{PAXEL ¢4} o AKZ(MAXEL 94} sDTHIMAXELs4)»
> H{MAXNP)

DO 70 M=1.NEL

MIYP=IE(Me5)
DC 60 1Q=1.4
NP=1E(Ms10Q)
HNP=HINP)
IF (HNP.GT.HPROP (MTYFe.1}) GC TO 1O

SPRO
SPRO
SPRO
SPRO
SPRO
SPRO
SPRO
SPRO
SPRO

SPRO
SPRD
SPRO
SPRO
SPRO
SPRO
SPRO
SPRO

365
370
375
380
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400
405
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415
420
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435
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445
450
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500
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515
520
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Ji=1 SPRO

Ju=2 SPRO

A=0. SPRO

GO YO 50 SPRO

10 IF (HNP.LT.HPRUPIMTYF,NSPPM)) GO TO 20 SPRO
JL=NSPPH SPRO

Ji=1 SPRO

A=0. SPRO

GC TC 50 SPRO

20 DO 30 J=2.NSPPM SPRO
FIVEN SPRO

IF (HPROP(MIYP,J).GT.HMP) GG TO 40 SPRO

30 CONTINUE S PRO
40 Ji=JU=-1 SPRO
A={ HNP=HPRUPU(MTYP, JL) )/ (HPROP (MTYP,JUI-HPROP [MTYP,JL}) SPRO

50 TH(MeIQ)=THPROP ( MTYP,JL) ¢ A*(THPROP [(MTYP,JU)-THPROP{MTYP,JL))SPRO
DTH{Me IdI=CAPROP (MTYP, L} ¢A*(CAPROP{MTYP, JUI-CAPROPIMTYP, JL)SPRO

> ) S PRO
AKX{Me IQ)I=AKPROP (MTYP, JL) ¢+A* {AKPROPIMTYP, JU) - AKPROPIMTYP, JLISPRO

> ) SPRO
AKS=AKPRGP (MTYP, 1) SPRO
HC=AKPROPIMTYP,2) SPRO
AN=AKPROP(MTYP,3) SPRO
IF(HNP.LT.0.D0) GO YC 55 SPRO

AKX {M, §Q)=AKS SPRO

GO TO 60 SPRO

55 AKX(Me IQ)=AKS/UIHNP/FC)**AN#+1.) SPRO
60 AKZEM,1Q)=AKXIM, [0Q) SPRO
70 CONTINUE SPRO
RETURN SPRO
END SPRO
SUBRGUTINE PRINTTUINNP o IBAND o MAXAP, MAXELsDELTHeHT,VXy VZoTH AKXy PRIN

> AKZ ¢DVHe TIME 1E ¢ NELo KPR oSUBHDs KOUT oBFLX+FRATE, FLOWsNRSNyNPCON, PRIN
> NPFLXs TFLONKDIAGeNPRS,RSFLX) PRIN
PRIN

PRIN

FUNCTION GF SUBROUTINE~-TU OUTPUT FLOWSs PRESSURE HEADS, TOTAL PRIN
HEADSy WATER CONTENTSs AND DARCY VELCCITIES AS SPECIFIED BY PRIN
PARAMETER KPR. PRIN
PRIN

PRIN

IMPLICIT REAL*8 (A-H.0-~1) PRIN
REAL*4 SUBHD PRIN
DIMENSION H{MAXNP) ¢ HTU MAXAP) oBFLX{MAXNP) ¢ NPCON(MAXNP) o NPFLXIMAXNP)PRIN

>  oNPRSIMAXNP) oRSFLXIMAXNP ) s VXU MAXEL +4) ¢ VZIMAXEL 4 ) AKX (MAXEL»4)s PRIN
> AKZ(MAXEL ¢4)e THOMAXEL v&) ¢y DTH{MAXEL¢4)» [E(MAXEL 4]} SUBHDI(B), PRIN

> FRATE(10) FLOW(L10)TFLOWI(10]} PRIN
IF (KDIAG.NE.O) GO TO 10 PRIN
KDIAG=1 PRIN

GO TO 30 PRIN
PRIN

PRINT DIAGNOSTIC FLOW INFORMATICN PRIN
PRIN

10 PRINT 106004 (FRATE(I)+FLOCRUI)+TFLCW(ID},1=1,7) PRIN
IF {NRSN.EQ.0) GO TO 30 PRIN

115
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DO 20 NPP=]1,NRSN
NP=NFRS(NPP)
20 RSFLXINPP)I=BFLXINP)
PRINT 1C700
PRINT 10100 {RSFLX{NPP)}+NPF=1,NRSN)
30 [F (KPR.EQ.U) RETURN

PRINT PRESSURE HEADS

KOUT=KOUT+1
PRINT 102004KOUT, TEMECUVELYIBAND, {SUBHD(I),1I=1,8)
DO 4C NI=1,NNP.8
NJMN=NIT
NJMX=MINOINI+7¢NNP)
40 PRINT 10000 NI elHINJY e NI=NIMN,NINX)
IF (KPR.EUW.1) RETURN

PRINT TCTAL HEADS

KOUT=KOLT+1
PRINT 10300¢KOUT, TIME.DELTIBAND. (SUBHD(I},1=1,8)
DO 5C NI=1.NNP.8
NJMN=NI
NJMX=MINGI{NI®7.NNP)
50 PRINT 10000 NTolHTINIY sAI=NIMNGNI¥X)

PRINT WATER CONTENTS

KOUT=KOLT+]1
PRINT 10400.,KOUT, TIMELDELT+IBANC, (SUBHD{ ). 1I=1.8)
DO 60 M=1.NEL
60 PRINT 10000eMe ITH(MIQ)+IQ=144)
IF (KPR.EC.2) RETURN

PRINT DARCY VELOCITIES
KOUT=KOLT+1

PRINT 10500.K0UT,TIME.DELTIBANC,{SUBHO{I),I=1,8)
DC 7C M=1+NEL

70 PRINT 10000 «Ms {VXIMoIQ)eIC=104),{VZIIM,IQ)sIQ=1,4)

RE TURN

10000 FCRMAT(IT7,8(1PDl5.4))
10100 FORMAT(8015.4)

10200 FORMAT(13HIOUTPUT TABLE.T14+27H. .
> 1PD12+44+9H o{DELT =¢1PD12.4415H) +(BAND WIDTHF =414, 1H)//1X,8A4/
> TH NODE 1+5X¢ 36HPRESSURE HEAD C(F NCDES Iel¢lveaarl+7/)

10300 FORMATI13hiuUTPUT TABLE.[4+24H.a
> 9H o{DELT =,1PU124%4¢154)+ (BAND WIOTH =414« 1H)//1X+ 844/ TH NODE

10400 FORMAT(I3HIO0UTPUT TABLE.T14.,27H.e WATER CONTENTS AT TIME
> 1PD1244+¢9H o(UELT =elPDL2.4+15H) « (BAND WIDTH =404+ 1H}// 11X, BAG/

> 3TX+SHNOOES/LTX 1Rl o14XsIH2 414X H301eX e lHG/3Xe THELEMENT, 2X,

D> SEHERRAREKRERREKEREERECEER AR R RA AR KK N RRREE RS N AR RR e Sh kR s /)
10500 FORMAT(13H10UTPUT TABLE+14+29Hae DARCY VELOCITIES AT TIME =,

> IPD12.4+¢9H +{DELT =¢1PD12.4+15H) o BAND WIDTH =,1441H)//1X,BA4/

> 32Xe14HVEL—X AT NOUES ¢46Xel4HVEL-Z AT NODES/17X,1H1e14Xs1H2s 14X,
> IH3¢14Xe iHGe14XelHL e 14 Xo 1H2a14Xo1H3 e L4 XoLHS o /3Xs THELEMENT ¢ 2X o
>
>

> 5Xe33HTOTAL HEAD OF NODES lel#leawedl+7/])

SEHERREREXBBE SRR SRRBESE RS SR EERR BF Rk R d kR kR bk kkrd bk kkkh®k o X,
SEHASRSRARESEBEEKEKEERERER S I XDE RS RS HERRR AR K KRB R KRR K Pk xkkkk }

10600 FORMATU//32H TABLE OF SYSTEM-FLCu PARAMETERS//SX,

PRESSURE HEADS AT TVIMFE =,

TCTAL HEADS AT TIME =,

PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
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21Q
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> 13H TYPE OF FLOW3OX e 4HRATE+8X e9HINC. FLOWe 7X+ LOHTCTAL FLOW/SX PRIN
> 4CH CONSTANT-PRESSURE—NODE FLOW « o o o o es3(E12.445X)/5X PRIN
> 40H CONSTANT~FLUX-NODE FLCW o o « o o =« o «93{E12.445X)/5X PRIN
> 40H SEEPAGE « o o o o « = =« o o« « o o » o o93(EL2.445X)/5X PRIN
> 40H RAINFALLe o o o « o « o o « o« o« o« o o 2a93{E12.445X)/5X PRIN
> 40H NUMERICAL LOSSESe o « o o o o o « o o «13(EL12.4+5X)/5X PRIN
> 40H NET FLOWe « o « o o @« = o o« « o o« o o «93(EL2.445X)/5X PRIN
> 40H INCREASE IN VOLUMETRIC WATER CCNTENT. <e3(E12.4+5X)) PRIN
10700 FORMAT{/29H RAINFALL-SEEPACE NODAL FLCHWS) PRIN
END PRIN
SUBRGUTINE STORE (NPROBoMAXNPoMAXEL s HoHToVXoVZyTHTIME,TITLE) STOR
C STOR
C STOR
C FUNCTION OF SUBROUTINE—--TO STORE PERTINENT QUANTITIES CN AUXILIARY STOR
C DEVICE FOR FUTURE USE BY EITHER PLCTTING OR MATERIAL-TRANSPORT STOR
C CODES. WHAT DEVICE IS TO BE USED MUST BE SPECIFIED BY APPROPRIATE STOR
C JOB-CONTROL CARDS. STOR
c STOR
[ STOR
IMPLICIT REAL*8 (A-H,0-1) STOR
COMMON/GEOM/XE690 ) +Z1{ 690 ).BB(690 ),0COSXBE612 },DCOSZIBL612 ),
> DLB(612 ) ¢DELToCHNGoDELMAX o TMAXe SNFELCSFESNN(690 ) +NPST(690 ),
> NBE(612 DolEL6L2 ¢5)eISB(6E12 +4) sNNPJNEL+NMAT, IBANC,NBCoNST/NTI,
> NBELoNSTN+NSTRT
COMMCN/RF SP/DCYFLX{690 ) HCCNI690 )} FLX{690 ),DCOSX {612 ),
> DCOSZIE612 1.0L(612 e TRF(2420) oRF{2+20)}+RFALLL2)s [RFTYP{690 1},
> NPRS{690 )oNPCONI690 JoNPFLXE690 ) 4NRSEL6L12 }¢1S(612 ,43+NRFPR,
> NRFPARNRSEL+NRSN
DIMENSION H{MAXNP) o HTUMAXAP) o VXIMAXEL o4 ) o VZEMAXELs 4 ) TITLE(9), STOR
> TH{MAXEL 4) STOR
DATA NPPROB/-L1/ STOR
IF INSTRT.GT.0) GO TO 10 STOR
IF (NPPROB.EWL(-1)) REWIND 1 STOR
IF (NPPRUOB.EC.NPROB) GU TO 10 STOR
WRITE(L) (TVITLE(I) oI=1¢9)¢NPROB«NNPNEL+NTI +MAXNP STOR
WRITE(L) (X{NP) ¢ NP=LeNNP} o (Z(NPIJNP=1NNP) o {(TIE(M, IC)sM=1,NEL)s IQ=STOR
> 1l44) STOR
NP PRCB=NPROB STOR
c STOR
C CONVERT FRCM VOLUMETRIC TO PCRE FLUX FCR PROPER LINKAGE WITH THE STOR
C MATERTIAL-TRANSPORT COODE STOR
C STOR
10 DO 3C M=1,NEL STOR
DG 2C I0=l+4 STOR
VXIMIQ)=VXIMIQ)/THINM.IQ) STOR
20 VZIIMIQ)=VZ(MIQI/THI(M,IQ) STOR
30 CCNTINLE STOR

WRITE(L) TIMEs {HINP)oNP=LoMNAP)o LHTLUNPI NP=LoNNP)o { (TH{M, IQ) ,M=1, STOR
D NEL) eI le@)o ({VXIMeTQ) oM=L oNELIoIC=10%)s ({(VZI(Me1Q)eM=1,NEL), IQ=STOR
> 1lo4)olNPCONINP) s NP=10o MAXNP)Y  INPFLXINP) NP=1,MAXNP) STOR

RETURN STOR

END STOR
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SUBROUTINE SURF

FUNCTION OF SUBROUTINE-—-TO ICENTIFY BCUNDING SICES THRCUGH THE ARRAY
ISB(MP+4)s TO CALCULATE THEIR LENGTHS CLB{MP). AND TO CETERMINE THE

DIRECTICN COSINES DCUSX{MP) ANC CCCS2(MP) OF THE CUTWARDLY DIRECTED

UNIT NORMAL VECTOR FOK EACH BCUNDARY ELEMENT NBE(MP).

IMPLICIT REAL*8 (A-H.0-2)

COMMCN/GEOM/ X690 ) +ZL €90 )+BBL690 ).DCOSXBLO612 ),DCOSZIB(612 ),
> DLB(612 ) eDELTsCHNGoDELMAXy TMAXy SNFESCSFELAN{690 ) 4NPST(690 ),
> NBE(612 DeIE(612 «5)0ISBL612 +4) eANPoNELsNMAT,IBANC NBCoNSTINTI,
> NBEL+NSTNJNSTRT

FIND SURFACE SIDES BY LOCATING NONBUPLICATED SIDES

NBEL=0
DO 4C Mi=1.NEL
DC 30 IQ=1.s4
ICl=10¢1
IF (1Q.EQ.4) 101=1
D0 20 MJ=1.NEL
IF {MJ.E£Q.MI)} GO TO 20
DO 10 JO=l.4
JO1=J4Q+1
IF (JQ.EQ.4) JC1=1
IF (IE(MIoIQ).EQ.IE(MI¢JQ).AND. IE(MI.IQ1}.EQ.IE(MJ,
> JO1d) GU TO 30
IF (IE(MLs IQ)oEQuIE(MIoJCLIANDIE(ME, ICL) L EQ.TE(MY,
> JO}) GO TO 30
10 CONTINUE
20 CONTINUE
NBEL=NBEL+1
NEBE(NBEL ¥ =M1
ISBINBELL)=IE(MILIC)
ISBINBEL+2)=1E(M]ILIC])
ISB(NBEL.3)=]0
ISB(NBEL ¢4 )=1Q1
30 CONTINUE
40 CCNTINUE

CALCULATE SIDE LENGTHS AND DIRECTICN CCSINES

DO 7C MP=1.NBEL
K=NBE(MP)
NI=ISB(MP.1)
NJ=1SB(MP.2)
DX=XINT)-X{NJ)
DZ=ZANI )-2U(NJ}
OLB(MP)=DSURT(OX*DX+DZ*CZ)
DCOSXBIMP)=DABS(DZ) /DLB(MP)
DCOSZB(MP)I=DABSIDX)/DLB(MF)
DO 50 KQ=1l.+4
NK=TE(MsKQ)
IF (KQoNELISBIMP+3).ANC.KC.NEL.ISBIMP,4)) GO TC 6C
50 CONTINUE
60 AM=1,

SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
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SURF
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SLRF
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SURF
SLRF
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SURF
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SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
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AMI=1.

IF {DX.NE.0.DO) AM=DZ/TX
IF (DI .NELO.DO) AMI=DX/CZ
XO=X{(NI)+AMI*LZINK)I-2(N]))
Z0=ZINT)+AM®(X{NK)=X(NI))

IF (ZINK).GT.Z0) DCOSZBI(MPI=-DCLSIBIMP)
IF (X(NK}.GT.X0) DCOSXB{MPI==DCLSXBIMP)
70 CCNTINUE
RETURN
END

SUBROUTINE SFLOW(VX oVZ ¢y THeBFLXeBFLXPy FRATE ¢ FLOWsMAXEL ¢ MAXNP o TFLOWs
> KFLOWsHAKXe AKZ)

FUNCTION OF SUBROUTINE--TO CCMPUTE BCUNDARY FLUXES, FLCwW RATES,
INCREMENTAL FLOWS OCCURRING DURING TIME DELT, TCVAL FLCWS SINCE
TIME ZFROs AND THE CHANGE IN FCISTURE CONTENY FOR THE ENTIRE
SYSTEM DURING TIME DELT.

IMPLICIT REAL*8 (A-H.0-1)

COMMCON/GECM/XL690 ) +2t690 1,8B(690 ),DCOSXBL612 ), DCOSZB(612 )y
> DLBUEL2 ) +DELToCHNGeDELMAX o TMAXe SNFE _CSFEZ NN(690 )} oNPSTI(690 )y
> NBEL612 JoIEl612 o5)eISBUELIZ +4) ANPLNEL,NMAT, EBANC,NBC,NST,NTI,
> NBELNSTN.NSTRT

COMMCN/RFSP/DCYFLX(690 ) oHCCN(690 ) FLX{690 ),DCCSX (612 ),
> DCOSZI612 )eDLIGL2 )o TRF{2420) eRF{2,20)sRFALL{2)}, IFFTYP(690 ),
> NPRSI6G0 )eNPCON(690 ) oNPFLXI690 )oNRSE(6L2 ). IS(612 +4)eNRFPR,
> NRFPARNRSELNRSN

DIMENSICN VX{MAXEL %) o VII{NAXELs4) s THIMAXEL 4}y BFLX(NAXNP),
> BFLXP({MAXNP)eX0L4)eZO0(4) e THCL4) FRATE(LO) o FLOW(10 ), TFLOW(10),
> DFLXQU2)¢KQU2) e HQ{ &) s HIMAXNF ) o AKXC (4 ) o AKZQ(4) s AKX{MAXEL 04} s
> AKZIMAXEL +4)

CALCULATE NODAL FLON RATES

DO 10 NP=1.NNP

BFLXP(NP)=BFLX{NP)
10 BFLX{NP }=0.

DO 30 MP=1.NBEL
M=NBE(MP)
NI=ISB{MP.1)
NJ=TSB(MP.2)
KCEL)I=ISBI(MP,3)
KC(2)=1SB8I(MP.4)

D0 20 10=le4
NP=1E(M. IQ)
XQUIQi=x{INP)
ZO{IQI=L (NP}
AKXQUIQ)=AKX M, 10}
AKZQUIQ)=AKZ(M,10)
HO(LQ)=H(NP)

20 CONTINUE

CALL Q4SHUFLXQeKULDLBIMP) DCCSXBIMP),DCOSIBIMP) ¢+ FQsXQeZQy AKXQs

> AKZ Qe SNFEoCSFEAREA)

SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF
SURF

SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO

SFLO
SFLO
SFLO
SFLO
SFLO
SFLOD
SFLO
SFLO
SFLG
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO

290
295
300
305
3ic
31s
320
325
330
335

10
15
20
25

35
40
45
50

95
100
105
i10
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
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BFLXINT }=BF LXU{NIJ+DFLXQ(1) SFLO 225
BFLX(NJI=BFLX{NJI+DFLXC(2) SFLO 230

30 CCNTINUE SFLO 235

IF {KFLOW.EQ.O0) GO TO 60 SFLD 240

DO 40 NP=1.NNP SFLO 245

40 BFLXP{NP)=BFLXINP) SFLO 250

D0 50 I=1+6 SFLO 255

50 TFLOW(T )=0,. SFLD 260

IF (KFLOW.EQ.(-13) TFLOW(T)=0. SFLO 265

IF (KFLOWWEQal-1)) QTH=0, SFLO 270
KFLOW=0 SFLO 275

C SFLO 280
C DETERMINE FLOWS AND FLOW RATES THRCUGH THE VARICUS SFLO 285
C TYPES CF BOUNDARY NODESs STARTING wiITH THE SFLO 290
C NET FLOWS THROUGH ALL BOUNDARY NCODES. SFLO 295
o SFLO 300
60 SUM=0. SFLO 305
SUMP=0Q, SFLO 310

DO 7C NP=1.NNP SFLO 315
SUM=SUMeBFLX(NP) SFLO 320

70 SUMP=SUMP+BFLXPINP) SFLO 325
FRATE(6)=SUM SFLO 330
FLOWIG6)=,.5%(SUMeSUMP) *DELT SFLO 335

C SFLO 340
C CONSTANT DIRICHLET BOUNDARY NCCES SFLO 345
[od SFLO 350
FRATE(1)=0. SFLO 355
FLOW{1)=0. SFLO 360

IF {(NBC.LE.QO) GO TO 90 SFLO 365
SUM=0., SFLO 370
SUMP=0. SFLO 375

DO 80 NPP=1.NBC SFLO 380
NP=NNINPP) SFLO 385

SUM= SUM#BFLX{NP) SFLO 390

80 SUMP=SUMP+3FLXPINP) SFLO 395
FRATE(1)=SUM SFLO 400
FLOW(])=.5%{SUM+SUMP )} *DELT SFLO 405

c SFLO 410
C CONSTANT NEUMANN BOUNDARY NODES SFLO 415
C SFLO 420
90 FRATE(2)=0. SFLO 425
FLOW(2)=0. SFLO 430

IF (NST.LE.O) GO TO 110 SFLO 435
SUM=Q0. SFLO 440
SUMP=0. SFLD 445

DO 100 NPP=1.,NSTN SFLO 450
NP=NPSTINPP) SFLO 455

SUM= SUM+BFLX{NP) SFLO 46C

100 SUMP=SUMP+BFLXPINP) SFLO 465
FRATE(2)=SUM SFLO 4170
FLOW(2)=, S*ELSUMESUMP)I*DELT SFLO 475

C SFLO 480
C RAINFALL-SEEPAGE BOUNDARY NODES SFLO 485
C SFLO 490
110 FRATF(3)=0. SFLO 495
FLOW{3)=0. SFLO 500
FRATE{4)=0. SFLO 505
FLOW(4)=0. SFLO 510
SUMS=0. SFLO 515

SUKSP=0, SFLO 520



c

SUMR=0.

SUMRP=0.

IF (NRSN.LE-O) GO TO 140

D0 130 NPP=1.NRSN
NP=NPRSINPP)

200

BFLXA=.S5*{BFLXINP) +BFLXF(NP))

IF (BFLXALLTL.0.00) GO TC 120

SUMS=SUMS+BFL X (NP)
SUMSP=SUMSP+BFLXA
6C VO 130
120 SUMR=SUMR+BFLX{NP)
SUMRP= SUMRP +BFLXA
130 CCONTINUE
FRATE(3)=SUNS
FLOGW{3)=SUMSP*DELT
FRATEL4 )=SUMR
FLOW{4)=SUMRP*DELT

C NUMERICAL FLOW THRUOUGH UNSPECIFIED BCUNDARY NODES
C

c

C FINALLY, CALCULATE THE INCREASE [N THE INTEGRATED WATER CONTENT
[

[aNaNalNeNaNel

140 SUM=Q0.
SUMP=0,
DO 150 I=1l.,4
SULM=SUM+FRATEL(I )
150 SUMP=SUMP+F LUNW(I )
FRATE(S)=FRATE{6)-SUN
FLOW(5)=FLOW{6)-SUMP

OTHP=QTH

OTH=0.

DC 170 M=1.NEL

DG 160 [0=1+4
NP=1E(M.,1Q)
XQ{I1Q¥=XINP)
ZQ(IQ)=Z(NP)
160 THO(IQ)=TH(M. 10)

CALL Q4TH(THO.QTHM. AREAXC, 1)

OTH=QTH¢QTHM
170 CONTINUE
FLOWIT)=QTH-QTHP
FRATELT7)=FLOW(T)/DELT
DO 180 I=1.7
180 TFLOW T )=TFLOWCT ) +FLOWLT)
RETURN
END

SUBROUTINE Q&S(DFLXQeKOeDLDCOSXQeDCOSZQsHQ ¢ XQe2ZQs AKXQsAKZQo

> CSFE.AREA)}

FUNCTICN OF SUBROUTINE~-TO EVALUATE THE NORMAL-FLUX INTEGRAL

ALONG THE BOUNDARY LINE EXTENCING

FRCM NODE LQ YO NODE MQ.

SNFE,

SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLOD
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO
SFLO

Q4s
Q4s
Q4SS
04S
Q4s
045
Q4S
Q4S

525
530
535
540
545
550
555
560
565
570
575
580
585
590
595
600
605
61C
615
620
625
630
635
640
645
650
655
660
665
670
675
680
685
690
695
700
705
710
715
720
725
730
135
740
145
750
755

10
15
20
25
30
35
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Cc
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IMPLICIT REAL*8 {A-H.0-7)

REA

L*8 N(4)

DIPENSION SU4e4) o Tl4e@) o Ul VI4Q)OFLX0L2)4KCL2),HQ(4)4SSAL2),
> TTAL2)eXQU4)eZQ(€4) s AKXQL4) sAKZIC(4)
DATA S/04D00=257735000 0eD0e¢=120024577350040.C0+1.00+0.D0¢ 0.D0,

> 14D0040.00¢~257735D0¢~1+D0+0.D009.57735D040.0C0/,

> ~e5773500¢~La00¢0.00+-a5773500¢0.00,000s +577350040.00+1.00,
> «57735D0+0.0041.004,0.D0/

INITIALIZE NCDAL COMPONENTS OF LINE INTEGRAL

DO 10 IC=1,2
DFLXQ{10)=0,

10

EVALUATE CUANTITIES FOR USE IMN THE JACCBIAN DJAC, BELOW., NECESSARY
FOR TRANSFCRMATION FROM GLOBAL TO LCCAL COORDINATES

x12
x13
x23
X14
X24
X34
113
124
134
212
123
114
ARE

= XQ(1)
xQf1)
xC(2)
XQ(1)
xXQ(2)
xX0{(3)
a(1)
70(2)
Q(3)
Q)
20¢2)
a1

(T T L T N VI (I I [

X002}
X0(3)
XQ(3)
X0 (%)
XQ(«)
X0{4)
2Q(3)
L0(4)
20(4)
Q(2)
1003}
40(4}

A = X13%124 - X24%713

DETERMINE LOCAL COORDINATES CF GAUSS-INTEGRATION POINTS KG

LQ=
MQ=

KC{l)
KQL{2)

SSAL 1 )=S{LQ.MO)
TTACL)=T{LQ.MQ)
SSA(2)=S(MQ,LU}
TTA(2)=T(MQsLw)
DO 30 KG=1.,2

T7

SS = SSACKG)
= TTA(KG)

EVALUATE THE JACOBIAN DJAC

DJ = AREA # SS5%(X34%712-X12%734) + TT*(X23%214~XE4*223)

DJI = la/D4

CJAC = .125%DJ

CALCULATE VALUES
V AND U W.R.T. X

SM = 1.0
SP = 1.0
™ = 1.0
TP = 1.0

1+

+

OF THE BASIS FUNCTICNS N{IQ) AND THEIR DERIVATIVES
AND Z. RESPECTIVELY, AT THE GAUSS POINT KG

Ss
Ss
7
1T

ULL)=(~X24+X34%55¢X23%TT)*%DJ1
Uf2)=1+X13~X36%S5-X140TT)*DJI
UL3)=(+X24~-X12%55+X14*TT)*DJI
Ula)=(—-X13+ X12%55-X23¢TT)*0DJ1

Q4S
Q4S
Q4S
Q4S
Q45

T/0.00+~1.D0+0.D00+,04S

Q4s
Q4sS
Qas
Q4sS
Q4S
Q4S
Q4s
Q4S
Q4s
Q4S
Q4S5
Q4S
Q4S
Q4S
04S
Q45
Q4S
Q4s
Q4S
Q4S
Q4S
Q4S
Q4sS
Q4S
Q45
Q4s
Q4S
Q4S5
Q4s
Q4S
Q4S
Q4S
Q45
04S
Q4S
QA4S
04S
Q4S
Q4s
Q4S
Q45
Q4S
Q4s
Q4s
Q4S
Q4S
Q4S
04sS
Q4S
Q4S
Q4S
QaS
Q4S
Q4S

140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
215
280
285
290
295
300
305
310
315
320
325
330
335
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VI1)=04224~-134%55-223%T1)%DJ1
VI2)=(-213+¢7134%SS¢214%T17)%DJ1
VI3)=(-7244212%55-214*T1)#DJ1
VI{4)={#Z13-112%SS5+223*%TT)*0J1
N({1)=0.25%SMeTM
N(2)=0.25%SP*TM
N(3)=0.25%5P%TP
N(4)=0,25%SM&TP

INTERPOLATE WITH FUNCTIUGNS NCIC). V(IQ), AND U(IC) TO CBTAIN

VALUES OF CONDUCTIVITIES AKXQP AND AKZGCP AND CAPILLARY GRADIENTS OHX

AND DHZ AT THE GAUSS INTEGRATICN PCINT KG

AKXQP=0.

AKZICP=0.

DHX=C.

DtZ=0.

DO 20 I0=1l.4
AKXQP=AKXOP+AKXQUIQI*N(IQ)
AKZIQP=AKZUP+AKZO(TQ)I*N(IOQ)
DHX=DHX+V{ 1 Q) *HO (1 Q)

20 DHZI=DHZ+U(1Q)*HOLIQ)

EVALUATE THE NORMAL FLUX AT THE GAUSS POINT AND ACCUMULATE THE
INTEGRAL SUM

VXQP=—AKXQP*{ DHX-SNFE)
VZQP=-AKZUP*(UHZI+CSFE)
VNOP=VXQP*DCOSXU+VZUP*L(C0OSZQ
DFLXQUL)=DFLXQELI+NILQ) *VNQP
DFLXC(2)=DFLXQL21+NI{MQ)*VNCP
30 CONTINUE
DO 4C 1Q=1,.2
40 DFLXQEIC)=o5%DL*DFLXQ(IC)
RETURN
END

SUBRCUTINE W4TH{THO.QTHM,AREA,XCy2Q)

FUNCTION OF SUBROUTINE-—-TU EVALUATE THE WATER-CONTENT INTEGRAL
OVER THE AREA UF UNE ELEMENT.

IMPLICIT REAL*H {A-H,0-1)

REAL*8 N{4)

DIMENSICN THOL4) «S(4)TL4) . xCl4)e2014)

DATA P / 0.5717350269189626 /» S / -1.00+00, 1.0D+00, 1.0D+00,-
> 1.00400 /9 T / —1.00+00+-1.CD¢C0. 1.00+00, 1.00+00 /

EVALUATE QUANTITIES FOR USE IN THE JACCBIAN DJAC, BELOW, NECESSARY
FOR TRANSFORMATION FROM GLOBAL TO LOCAL COORDINATES

x12
Xx13
xX23

X0t 1) - xol2)
XQ(1) — xQi(3)
xQ€2) - x0i3)

wowon

Q4S
04S
Q&S
Q4S
Q4S
Q4S
Q4S
Q4s
Q4S
Q4S
Q4S
Q4S
Q&S
Q 4S
Q4S
Q4S
Q4sS
Q4S
C4S
Q4S
C4s
Q45
Q4S
Q4S
Q4S
Q4S
Q4S
Q45
Q4S
Q4s
Q4S
Q4S
Q4S
04S
Q4S
Q4S

Q4TH
04TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH

340
345
350
355
360
365
370

510
515
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X14
X24
X34
713
124
234
712
223
l14
ARE
QTH

XQ({ 1)
xQ(2)
xQ(3)
Za(l)
Q(2)
2Q(3)
2ZQ(1)
Q0 2)
ZQ{1)

W W Nl H N

A = X13%224 - X24%[13

M=0.

0O 20 KG=1le4

XQ(4)
XQi4)
X0 (4)
20(3)
L0(4)
201 4)
201(2)
40(3)
20 {4)

203

DETERMINE LOCAL CUORDINATES (SSeTT)} OF GAUSS-INTEGRATICN POINT KG

EVALUATE THE JACOBIAN DJAC

$S = P*S{KG}
TY = P*T(KG)

DJ = AREA + SS*(X34%212-X12%7134) + TT*(X23%114-X14%123)
DJAC = .125%0DJ

CALCULATE VALUES UF THE BASIS-INTERPCLATION FUNCTIONS N(IQ)

Sk = 1.0
SP = 1.0
™ = 1.0

TP 1.0

L+

+

SS
SS
1T
e

N{1)=0,25%SM*TH
N{2)=0.25%5P%TH
N{3)=0.25%5P¢TP
N(4)=0.25%SM*TP

INTERPOLATE TO OBTAIN

10

THQP=0.

DC 10 1Q=1.4

THQP=THQP+THQI IQ ) *N(IC)

THE WATER CONTENT THQP AT THE GAUSS POINT KG

ACCUMULATE THE SUM TO EVALUATE THE INTEGRAL

20
RET
END

CTHM=QTHM+THOP *D JAC

CONTINUE
URN

SUBROUTINE BANSOLUKKKsCeR¢NNPo IHBF,MAXNP,MAXHEP)

FUNCTION OF SUBRQUTINE--TO SCLVE THE MATRIX EQUATION CX = R,

RETURNING THE SCGLUTION X IN R,

IT IS ASSUMED THAT THE ARRAY

C{NP.IB) CCNTAINS ONLY THE UPPER HALF BAND OF A SYMMETRIC MATRIX.

IMPLICIT REAL*8(A-H.0~1)

Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
QA4TH
C4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
Q4TH
QA4TH
Q4TH
Q4TH
Q4TH
Q4TH

BANS
B8ANS
BANS
BANS
BANS
B ANS
BANS
BANS
BANS

95
100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320

10
15
20
25
30
35
40
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1F
IF

204

OIMENSEON C{MAXNP,MAXHBP) ¢ R{MAXNP)
THALFB=1HRP-1
NNP1=NNP-1

KKK = 1y THEN TRUANGULARIZE YHE BAND MATRIX CINP,IB),
KKK = 29 THEN SIMPLY SULVE WITH THE NEW RIGHY-HAND SIDE R(NP)

IF (KKK.EQ.2) GU TG 50

TRIANGULARIZE MATRIX C

10
20

30
40

NU=NNP-THALFB
RO 20 NI=1,NU

NJy=NI-1

PIVOTi=1./CI(NI.1)

0C 20 LB=2,1HBP
A=C{NL.LB)*PIVOTI
NK=NJ+LB
JB8=0
DO 10 KB=iLB.IHBP

JB=JB+1
CAINKsJB)=CINK.JB)-AC{N],KE)
CiINL.LB)=A
NL=NU+]
DO 40 NI=NLoNNPL

NJ=NI-1

MB=NNP-NJ

PIVATI=1./C(NIe1)

OC 4C LB=2.,MB
A=C(Nl.LB)*PIVUTI
NK=NJ+LB
J8=0
DO 30 KB8=LB.MB

JB=JB+i
CUNKe JB)=CINK+JB)-A*C(NI.KE)
C{Nl.LB)=A
RETURN

MODIFY LCAD VECTOR R

50

60

70

NU=NNP~IHALFB
DD 60 NI=1,NU
NJ=NI-1
A=R{NI)
RINI)=A/CINI.1)
DC 60 LB=2,1H8P
NX=NJ+L8
RINK}=RINKI-CINI-LBI*A
NL=NL+1
DO 7C NI=NL.NNPL
NJ=NI-1
MB=NNP-NJ
A=R(NI)
RINLI=A/CUINLL L}
OC 70 LB=2.M8B
NK=NJ+LB
RINK)=RINK)I-CINI.LB)*A

BACK-SCOLVE

BANS
BANS
BANS
B ANS
BANS
BANS
BANS
BANS
BANS
BANS
BANS
BANS
BANS
BANS
BANS
BANS
BANS
BANS
BANS
BANS
BANS
BANS
BANS
B8ANS
BANS
BANS
BANS
BANS
8 ANS
BANS
BANS
BANS
BANS
B ANS
BANS
BANS
BANS
BANS
B8 ANS
BANS
BANS
BANS
BANS
BANS
B ANS
BANS
BANS
BANS
BANS
BANS
BANS
BANS
BANS
B ANS
BANS
BANS
BANS
BANS
BANS
BANS

45

55

60

65

10

15

80

85

90

95
100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
210
2175
280
285
290
295
300
305
310
315
320
325
330
335
340



80

90

RINNP)=R{NNP)/CI(NNP, 1)
DO 80 IB=1.1HALFB
NI=NNP-18
NJ=NI-1
MB=IB+1
DC 80 KB8=2,MB
NK=NJ+KB
RINLII=RINEI—CINI «KB J®*R(NK )
DO 90 IB=1HBPsNNPL
NI=NNP~-IB
NJ=NI-1
DG 90 KB=2,IHBP
NK=NJ+KB
RINIDI=RINI}—CUINL +KB)*R(NK)
RETURN
END
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BANS
BANS
BANS
BANS
BANS
BANS
BANS
BANS
B ANS
BANS
BANS
BANS
BANS
BANS
BANS
BANS

345
350
355
360
365
370
37s
380
385
390
395
400
405
410
415
420






207

APPENDIX D

DEFINITION OF VARIABLES



AKPAR

AKPROP (MTYP,I)

ARX (M, IQ)

AKXQ(IQ)

AKXQP

AKZ (M, IQ)

AKZQ(1Q)

AKZQP

ALP

AM

AMI

AREA

BB(NPP)

BETAP

BFLX(NP)
BFLXP (NP)

C(NP,IB)

208

Data array for storing table heading for output of
conductivity parameters.

Conductivity (AK) or permeability parameters where
MIYP is the material type and I is the specific
parameter.

Conductivity component in the X-direction. . .L/T.

X-component of the conductivity at the four corner
nodes of element M. L/T.

X—component of the conductivity at a Gauss—integration
point. . .L/T.

Conductivity component in the Z-direction. . .L/T.

Z-component of the conductivity at the four corner
nodes of element M. L/T.

Z-component of the conductivity at a Gauss-integration
point, . .L/T.

Modified coefficient of compressibility of the
medium, ., L*¥%(-1),

Slope of a boundary side of element M used for
determining signs of the direction cosines of an
outwardly directed unit normal.

1/AM.

Diagnostic element variable. . .L*%2,

Array for storing the constant pressures for Dirichlet
boundary conditions. . .L.

Modified coefficient of compressibility of
water. . JL*¥*(-1).

Normal boundary flux attributable to node NP. LEX3/L/T.
Same as BFLX but for previous time step. . .L**3/L/T.
Assembled matrix W*B + A/DELT where B is the spatial

operator matrix and A contains the coefficients
associated with the time-derivative terms. . .L/T.
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CAPROP (MTYP, I) Interpolation points on specific moisture capacity
(DTH) where MIYP is the material type and I is the
interpolation point. . .L*¥*(-1).

CHNG Multiplier for increasing the time increment.
CSFE,COSFE Cosine of angle FE.
DCOSX(MP) Direction cosine of outwardly directed surface normal

(with respect to the YX-axis) for rainfall-seepage
surface as a function of the boundary element.

DCOSXB(MP) Same as DCOSX(MP), but for all bounding surfaces.

DCOXZ (MP) Direction cosine of outwardly directed surface normal
(with respect ot the Z-axis) for rainfall-seepage
surface as a function of the boundary element.

DCOSZB (MP) Same as DCOSZ(MP), but for all bounding surfaces.

DCYFLX(NP) That portion of the boundary-line integral of the
Darcy flux associated with node NP. . .L**3/L/T.

DELMAX Maximum value of DELT. . .T.

DELT Time increment, , .T.

DELTI 1/DELT. . .T**(-1).

DHX Derivative of H with respect to X. . .L/L.

DHZ Derivative of H with respect to Z. . .L/L.

DJ Jacobian times 8. . .L¥**2.

DJAC Jacobian used in the transformation from global to
local coordinates for one element. . .L*%2,

DL(MP) Length of rainfall-seepage boundary side of element
MP. . .L.

DLB(MP) Length of any boundary side of element MP. . .L.

DNX Derivative of the basis function with respect to X

at the nodal points. . .L¥*(-1).

DNZ Derivative of the basis functicn with respect to Z
at the nodal points. . .L**(-1).



DTH(M, IQ)

DTHQ(IQ)

DTHQP

DX
DZ

EI,EJ,EK

EL

FE

FLOW(I)

FLX(NP)

FRATE (1)

GRAV
H(NP)
HCON (NP)

HP (NP)

HPROP (MTYP, I)

HT(NP)
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Derivative of moisture content with respect to
pressure head at the nodes IQ of each element
M., . JL**%(=1).

Derivative of moisture content with respect to
pressure head at the four corner nodes of element
M. . JL¥%(-1).

Derivative of moisture content with respect to
pressure head at a Gauss-integration point.

Incremental distance in the X-direction. . .L.
Incremental distance in the Z-direction. . .L.

Normal fluxes to be used for flux-type boundary
conditions. . .L**3/L**2/T,

Length of an element side where flux-type boundary
condition is applied. . .L.

Angle between the coordinate axes and the principal
directions of the conductivity tensor. .degrees.

Flows across the system boundary during time DELT
through constant pressure Dirichlet nodes (I=1),
through constant flux Neumann points (I=2), by
seepage (I=3), from rainfall (I=4), due to numerical
losses (I=5), and total flux (I=6). FLOW(7) is the
net increase in volumetric water content during
DELT. . .L**3/L.

Component of rainfall flux normal to the boundary at
node NP. LLE*3/L/T.

Flow rates at a given time corresponding to

FLOW(I). LL**3/L/T.

Acceleration of gravity. L/ TR%2,

Pressure head. . .L.

Ponding depth at boundary node NP. . .L.

Pressure head at the previous time increment. . .L.

Interpolation points on pressure head (H) where MTYP
is the material type and I is the specific point.

Total head. . .L.

JLER(-1) .

.L.
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HW(NP) Pressure head at time-integration point, i.e.
HW(NP)=W*H(NP)+(1-W) *HP(NP). . .L.

I8,JB,KB Indices ranging over the band width of the
coefficient matrix.

IBAND Band width of assembled coefficient matrix.

ICY Cycle index made necessary by pressure and flux-
dependent rainfall-seepage boundary conditionms.

IE(M,IQ) Element identification array. M is the element number,
M=1,2,...NEL, IQ=1,2,3,4 denotes corner nodes of the
element, and IQ=5 denotes MIYP for the element.

THALFB (IBAND-1)/2.
IHBP THALFB+1.

1Q,JQ,KQ Local node or basis-function identifier for a given
- ' element having a value of 1,2,3, or 4.

IRFTYP (NP) Rainfall-type parameter used to identify the rainfall
profile to be used at a given boundary nodal point NP.

IS(MP,I) Surface identification array for rainfall-seepage
elements. I=1 and 2 denote nodal points of the
boundary sides of the element.

ISB(MP,I) Same as IS(MP,I) but for all boundary elements.
ISTOP Index used to count data errors.

IT Iteration index.

IT™ Index for simulation time.

KCP Conductivity~permeability control. If equal 0, then

conductivity data are to be input; otherwise
permeability values will be read.

KDIAG Diagnostic control variable.

KDIG Diagnostic output table counter.

KFLOW Control integer used for surface~flow calculation.
KG Identifier of the four Gauss integration points

within each element.



KGRAV

KINC

KOUT

KPR(ITM)

KPRO

KSP

KSS

KSTR

KX

M, MI, MJ, MK
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Gravity control parameter. If equal zero, the
gravity term is omitted from both Richards equation
and the definitions of total head. If equal one,
gravity remains.

Incrementation control used for automatic generation
of boundary conditions.

In BANSOL, index designating function to be performed.
KKK=1 for triangularization and KKK=2 for backward
substitution.

Output table counter.

Printer control for transient problems similar to
KPRO as a function of the time index ITM. Used to
output desired information at each time increment.

Printer control for steady state and initial
conditions. If KPRO equals zero, only the flow
variables FLOW, FRATE, and TFLOW are output. If

KPRO equals 1, then pressure head and flow variables
are printed. TIf KPRO equals 2, total head, water
content, and those variables that have been mentioned
previously will be printed. If KRPO equals 3, then
the same variables as for KRP0O=2 plus the Darcy
velocities are printed.

Soil properties control. If KSP equals 0, then
analytical-function parameters are input. If it
equals 1, then tabular data are input.

If KSS is equal to zero, the steady-state solution
is obtained either as an initial condition for a
transport problem or as the final solution (NTI=0).
If KSS equals 1, the transient solution is obtained.

Control parameter for storage of output on auxiliary
storage (tape or disk). If KSTR equals 0, there is
no storage, but if it does not equal 0, there is
storage.

Component of conductivity or permeability in the
X-direction.

Component of conductivity or permeability in the
Z~direction.

Element number.



MAXCY

MAXDIF
MAXEL
MAXHBP
MAXIT
MAXMAT
MAXNP
MAXNTI

MINC

MODL
MP,MPI,MPJ
MTYP

MXRFPR

MXRPAR

MXSPPM
N(IQ)
NAKPPM
NBC
NBE (MP)
NBEL

NCHG

NCM

ND
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Maximum number of cycles permitted for rainfall-
seepage boundary-condition adjustments.

Maximum nodal difference for all elements.
Maximum number of elements.

Maximum value of THALFB41.

Maximum number of iterations.

Maximum number of materials.

Maximum number of nodal points.

Maximum number of time increments.
Increment in element number.

Maximum nodal difference for a given element.
Number of elements per layer.

Compressed element index.

Material type.

Maximum number of rainfall profiles.

Maximum number of parameters, i.e., interpolation
points, per rainfall profile.

Maximum number of soil properties per material.
Basis vector for node IQ.

Number of AK parameters per material.

Number of constant Dirichlet boundary conditions.
Array of boundary-element numbers.

Number of boundary elements.

Number of changes in the rainfall-seepage boundary
conditions.

Number of elements with corrected material properties.

Nodal difference.



NEL
NIT

NITYP,NJTYP

NLAY
NMAT
NMPPM

NN (NPP)

NNCVN

NNP
NP,NI,NJ,NK,NL
NPCNV(NPP)

NPCON (NPP)

NPFLX (NPP)

NPINC

NPP,NPPI,NPPJ
NPROB

NPRS (NPP)

NPST(NPP)

NRFPAR
NRFPR

NRSE (MP)
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Number of elements.
Maximum number of iterations allowed.

Rainfall profile types at nodes NI and NJ,
respectively.

Number of layers of elements in regular part of grid.
Number of different materials.
Number of material properties per material.

Array for storing the node numbers where constant
Dirichlet boundary conditions occur.

Number of nodes for which there is no convergence.
Number of nodal points.

Nodal-point number.

Nodes at which there is no convergence.

Rainfall-seepage nodal points having constant
boundary conditions.

Rainfall-seepage nodal points having flux boundary
conditions.

Nodal-point increment used in automatic generation of
boundary conditions.

Compressed nodal-point index.
Problem number.

Absolute node index as a function of compressed index
for rainfall-seepage boundary nodes.

Nodal points at which constant=-flux boundary conditions
are to be applied.

Number of parameters in each rainfall profile.
Number of rainfall profiles.

Absolute rainfall-seepage element index as a function
of compressed index.



NRSEL

NRSN
NSPPM

NST

NSTN

NSTRT

NTHPPM
NTI

PI
PKFC

PMAT

POR

PROP(MTYP,I)

QA(IQ,JQ)
QB (1Q,JQ)

QTH

QTHM
QTHP

R(NP)
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Number of elements having rainfall-seepage boundary
conditions.

Number of nodes having rainfall-seepage conditions.
Number of soil properties per material.

Number of element sides on which flux-type boundary
conditions are applied.

Number of nodes at which flux-type boundary conditions
are applied.

Number of logical records to be read from auxiliary
storage device for restarting the calculation. If
restarting is not to be used, then NSTRT=0.

Number of water content parameters per material.
Number of time increments.

3.14159265

Permeability-conductivity conversion factor.

Data array for storing the names of material
properties of the soil system. These properties are
stored in PROP(MTYP,I).

Porosity of the medium.

Material property where MIYP is the material type
and I is the specific material property.

A matrix for element M. . .L.
B matrix for element M. . .L/T.

Net water content, i.e., local water contents
integrated over the two-dimensional volume of the

system. L*%3/L.

Same as QTH, but for element M. RECKTAMR

Same as QTH, but for previous time step. LLER3/L,
Load vector for current time step. . .L**3/L/T.

Maximum residual for all nodes. . .L.



RESNP

RD

RF(I,J)

RFALL(I)

RFNI,RFNJ

RHO

RP (NP)

RQ(IQ)
RSFLX (NPP)
S(KQ),SS
SNFE , SINFE
SUBHD(I, J)
T(KQ) , TT

TFLOW(I)

TH (M, IQ)

THPAR

THPROP (MTYP, I)

THQ(IQ)

THQP
TIME

TITLE
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Residual at node NP, i.e., difference between current
pressure and pressure at the previous interate. . .L.

Maximum relative residual for all nodes.

Array of rainfall-rate interpolation points(J)
appropriate for profile I.

Rainfall rate for profile I at any given time. . .L/T.

Rainfall components normal to the surface at nodes NI
and NJ, respectively. . .L/T.

Density of water. . .M/L#*%3,

Array for storage of constant Neumann boundary

conditions. . .L¥**3/L/T.
Load vector for element M. . .L%**2/T.
Boundary flow of rainfall-seepage node NPP. . .L**3/L/T.

Local X-coordinates.

Sine of angle FE.

Array of subheadings for output clarification.
Local Z-coordinate.

Total of the quantities FLOW(I) over all time
increments. . .L**3/L.

Moisture content at the nodes of each
element. . .L*%3/L%*3,

Data array for storing table heading for output of
TH parameters where TH is moisture content.

Moisture content (TH) parameters where MIYP is the
material type and I is the specific parameter.

Water content at the four corner nodes of element
M. . JL**3/1%%3,

Water content at Gauss-integration point. . .L¥**3/L**3,
Total time of simulation. . .T.

Array for title of the problem.



TMAX
TOLA
TOLB

TRF(1,J)

U(IQ)

V(IQ)

VISC

VNNT , VNNJ

VX

VZ

W,W1,W2
X(NP) , Z(NP)

X0, 20

XQ(1Q), 2Q(IQ)
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Maximum value of simulation time. . .T.
Tolerance for steady-state iterations. . .L.
Tolerance for transient-state iterations. . .L.

Array of interpolation times J appropriate for
rainfall profile I. . .T.

Derivative of interpolation function with respect
to Z at the Gauss integration points. LEk(=1) .

Derivative of interpolation function with respect
to X at the Gauss integration points. LRk (-1) .
Viscosity of water. M/L/T.

Components of the Darcy velocity normal to the

surface at nodes NI and NJ, respectively. . .L/T.
X-component of velocity. . .L/T.
Z-component of velocity. . .L/T.

Time-integration parameters.

N

X~ and Z-coordinates of node “P. . .L.

Fake coordinates used to determine the signs of the

direction cosines. . .L.

Coordinates of the nodes of a quadrilateral
element. . .L.
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APPENDIX E

DATA INPUT GUIDE



220

1. Title: Format (I5,9A8). One card per problem.

|
g NRPOB TITLE

7

\JY

2. Basic integer parameters: Format (16I5). One card per problem.

;NN?;NEL{NMATiNCM;NTI%KSS KSPiNSPPMEKSTRiKCP;KGRAViNSTRT MAXIT, MAXCY
{ i H i i H !

T35 5 T 5 o 5 50 55 %0 5570

3. Basic real parameters: Format (8F10.0). Two cards per problem.

Use of an E-, D-, or another F-type field specification in the input

card overrides any of the F10.0 specifications of the format.

| DELT, CHNG DELMAX£TMAX%FEETQLAiTOLB%RHoi
i ! i i
Lo 50 60 70 B0

2GRAV§VIsci W
i |
1020 30

4. Printer output control: Format (80I1). The number of cards here

depends on the number of time increments NTI.

KPRO|KPR(1){KPR(2)| . ..1&?@WH

il 2 3

5. Material properties: Format (8F10.0). A total of NMAT cards, one

for each material.

% PROP(1,1) |PROP(1,2) | . . . |PROP(1,NPPM)

%PROP(NMAT,l) PROP(NMAT,2) | . . . |PROP(NMAT,NMPPM)
0 20
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In the variable PROP(I,J), I is the material type and J is the
specific material property. For example, PROP(I,1) is ALP(I),
PROP(I,2) is BETAP(I), PROP(I,3) is POR(I), PROP(I,4) is KX(I),
and PROP(I,NMPPM) is KZ(I). (NMPPM=5 is currently prescribed by
a data statement in routine MAIN.)

Analytic soil parameters: TFormat (8Fl0.0). These cards are input

if and only if KSP=0. Two sets of cards per material, one for
moisture-content parameters and the other for conductivity
(permeability) parameters. The number of cards per set is
determined both by the number of soil properties per material

NSPPM and by the number of materials NMAT.

[ i 1
. THPROP (1,1) | THPROP(1,2) . . . |THPROP(1,NSPPM) §
} THPROP(NMAT,l)i THPROP (NMAT,2) | . . . THPROP(NMAT,NSPPM)%
AKPROP(1,1) KAPROP(1,2) .+ . | AKPROP(1,NSPPM) %
]
AKPROP (NMAT, 1) AKPROP(NMAT,Q)i PN AKPROP(NMAT,NSPPM)i

10 20
Soil properties in tabular form: Format (8F1l0.0). These cards are

input only if KSP#0. Four sets of cards per material for pressure,
water content, conductivity (permeability), and water capacity. The
number of cards per set is determined by input parameters NSPPM and

NMAT.

HPROP (1,1) HPROP(1,2) . . . |HPROP(1,NSPPM)

HPROP (NMAT, 1){ HPROP (NMAT,2)} . . . |HPROP(NMAT,NSPPM)
10 20




222

THPROP(1,1) ! THPROP(1,2) ; . . . | THPROP(1,NSPPM)

i

| THPROP (NMAT, 1)! THPROP (NMAT,2)

|

i

. | THPROP (NMAT, NSPPM) |

i

. AKPROP(1,1) iAKPROP(l,Z) . . . . | AKPROP(1,NSPPM)

{ AKPROP (NMAT,1) AKPROP (NMAT,2)

% ... iAKPROP(NMAT,NSPPM)

: !
|

1

CAPROP(1,1) | CAPROP(1,2) | . . . | CAPROP(1,NSPPM)

i ! i

-
!

CAPROP (NMAT,1) | CAPROP (NMAT,2)} « . . CAPROP(NMAT,NSPPM)E
i

8.

9.

10 20

Nodal-point positions: Format (I5,2F10.3). Usually one card per

node is needed, i.e., a total of NNP cards. However, if some nodes
fall on a straight line and are equidistant, data for only the first
and last points of this group are needed. Intermediate nodal

positions are automatically generated by linear interpolation.

{ NT ; X (NT) j Z(NJ)
5 15 25

Element definitions: TFormat (16I5). Usually one card per element

is needed, i.e., a total of NEL cards.

!

| MIIE(MI,1)| . . . |IE(MI,5)| MODL|NLAY
i L {

> 0, 25 30 35 Lo
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IE(MI,1)-(IEMI,4) are the nodal numbers of element MI (beginning
with the lower left and progressing around the element in a
counterclockwise direction), and IE(MI,5) is the material type
MTYP. For rectangular blocks of elements—-the same material

having sequentially numbered nodes—-it is only necessary to specify
the first element, che width MODL, and the length NLAY, where MODL
and NLAY are measured in elements. Element numbering proceeds most
rapidly along the MODL dimension and least rapidly along the NLAY

dimension. Figure E.l provides an example. The object is considered

2k

Fig. E.1. Automatic generation of element numbers. Element
numbers are circled to distinguish them from nodal numbers.

to be rectangular since it has width MODL=3 on two opposite sides
and length NLAY=5 on the other two sides. To generate definitions

of elements 2 through 15 automatically, including both corner node

identification and material type, only one card is necessary:

1} 1,5{6}2i1(3|5
5 10 15 20 25 30 535 LG
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Although all elements of this example will be assumed to contain
the same material, MTYP=1, this situation can easily be changed by

using the correction-material facility.

Material correction: Format (16I5). In many cases one card is

required per material change. However, in those cases where

numbers of the affected elements range from a lower limit of MI

to an upper limit of MK with an increment MINC, automatic correction
may be used. Fields MK and MINC are left blank if the automatic-

generation facility is not used.

MI

: H
i j
5 10 15 20

Note on initial conditions and restarting: The initial condition

for a transient calculation may be obtained in three different ways:
from card input, auxiliary storage input (referred to as tape input
in discussion to follow), or steady-state calculation using a
different set of boundary conditions than that used for transient
calculation. 1In the latter case a card input of, shall we say,

the preinitial condition is required as the zeroth-order iterate of
the steady-state solution. Tape input is necessary whenever the
restarting facility is being used. That is, pressure distributions
for NSTRT, or more, different times have been generated and written
on a magnetic tape. If NSTRT>0Q, these distributions will be read

from the tape, and the NSTRT-th distribution will be used as the



11.
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/

initial condition for the current calculation. (If KSTR>0, the
pressure values will be written on a different magnetic tape as
they are being read so that a complete record of the calculations
may be kept on one tape.). If either the first (card-input) or the

last (steady-state) options are desired, then NSTRT=0.

Note on auxiliary storage units: Logical unit 1 is used for output

if KSTR#0, and logical unit 2 is used for input if NSTRT>0.
Proper identification of these units must be made in the job control
language if either of these two options is used.

Card input for initial or preinitial conditions: Format (I5,5X,F10.0).

These cards are necessary only if NSTRT=0. In the most general case

there is one card per node, i.e., a total of NNP cards.

NJ P H(NT)

5 10 0

Frequently, however, groups of neighboring nodal points NJ have
identical values H(NJ). If a gap is recognized in the input sequence
of nodal numbers, the initial pressures are assumed to be identical
to the pressure at the lower boundary of the gap. For example, if

two neighboring cards of the form

20 0.

30 1.
5 10 20

were encountered, nodes 21-29 would be assigned values H=0.



12.

13.
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Note on steady-state input: The steady-state option may be used

to provide either the final state of a system under study or the
initial condition for a transient calculation. 1In the former case
KSS=0 and NTI=0, whereas in the latter KSS=0 and NTI>0. If

KSS#0, there will be no steady-state calculation. Use of a steady
state as an initial condition requires a different set of boundary
conditions than is used for the transient calculations. (A
transient calculation using the same set of boundary conditions

would not be meaningful since no changes in the pressure distri-

butions could occur.) Input Data Sets 12-17, immediately following,

define the steady-state boundary conditions. They are, of course,

necessary if and only if KSS=0.

Steady-state integer parameters: Format (16I5). This card is

input if and only if KSS=0. One card per problem.

NBC |NST | NRFPR | NRFPAR | NRSEL | NRSN

Steady-state rainfall profiles: Format (8F10.0). These cards

are necessary if and only if the number of rainfall-seepage nodes
NRSN>0 and the number of rainfall profiles NRFPR>0. If NRSN>0
and NRFPR=0, a rainfall rate of zero is assumed. The number of
cards required will depend on both NRFPR and NRFPAR, the number

of parameters within each profile,
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| TRF(1,1) TRF(1,2) .« .  TRF(1,NRFPAR)

e a ! :

fRF(l,l) iRF(l,Q) ; + + « RF(1,NRFPAR)

TRF (NRFPR,1) | TRF(NRFPR,2)| . . . | TRF(NRFPR, NRFPAR)
RF(NRFPR,1) |RF(NRFPR,2) | . . . {LRF(NRF?R,NRFPAR)

Only the linearly interpolated value of the rainfall rate R¥ at
time TRF=0 will be used in the steady-state calculation. (See Data

Set 19, below.)

Steady-state rainfall types and ponding depths: Format (3I5,5X,2F10.0).

Card input is required here if and only if NRSN>0. Typically one

card is required per rainfall-seepage node as follows:

NI |IRFTYP(NI){NPINC HCON(NI)
5 10, 15 20~ 50

However, if NPINC # 0, this information is automatically generated.
If the card immediately preceding is for node NJ, then nodes NJ +
NPINC, NJ + 2*NPINC, ..., NK will be given rainfall type IRFTYP(NJ)
and puddling depth HCON(NJ), where NK is the largest integer in the
above sequence that is less than the current nodal value NI.
Rainfall type values IRFTYP(NI) > O are permitted. If the value

is zero, then a rainfall rate of zero is assumed for node NI. If
the value is greater than zero, then IRFIYP(NI) serves as a pointer
to a rainfall profile input under Data Set 13 which is to be used

to obtain the rainfall rate at node NI.
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Steady-state rainfall-seepage surface elements: Format (16I5).

As in the two previous input sets, input is necessary here if and
only if rain falls on surfaces or seepage flows through surfaces,
or both, i.e., NRSN>0. Typically, one card is required for each

side of each element on which such a boundary is to be applied.

NRSE(MP)| TS (MP, 1) IS(MP,z)iKINC
5 10 520

However, if KINC>0, automatic generation is employed in the
following manner. Nodal-point and element number increments are
formed from information on the input card immediately preceding
the current one:

NPINC=IS(MP,2) - IS(MP,1)
and

MINC = |NPINC| - 1

where the vertical bars denote absolute value. A sequence of
element numbers is then obtained:

M = NRSE(MP) (previous card)

NRSE (MP+1)

11

M + MINC

NRSE(MP+2) = M + 2¥MINC

The sequence is continued until the largest element number is
encountered that has a value less than NRSE of the current card.

Corresponding nodal point sequences are also generated:



16.

17.
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NI = IS(MP,1) (previous card)

IS(MP+1,1) = NI + NPINC

it

IS(MP+2,1) = NI + 2*NPINC

and
NJ = IS(MP,2)

i

IS (MP+1,2) = NJ + NPINC

IS(MP+2,2) = NJ + 2¥NPINC

Steady-state Dirichlet pressure-type boundary conditions:

Format (215,2F10.0). These cards are necessary if and only if

HBC>0 (and KSS=0, a condition either stated or implied for

the last four sets of cards). 1If automatic generation is not

used (NPINC=0), NBC cards are required of the form:

NN(NPP)iNPINC%BB(NPP)

5 10 20

If NPINC>0, automatic generation proceeds in the same manner as
described for Data Set 1l4. That is, an algebraic sequence is
built on the nodal number NN of the card immediately preceding,

and each such node is given boundary condition BB of that card.

Steady-state Neumann flux-type boundary conditions: Format (3I5,

5X,2F10.0). Cards of this type must be used if and only if NST > 0

Usually a number of cards equal to NST must be used. However, if
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some of the KINC are greater than zero, some of the NST boundary
conditions will be generated internally, and NST cards will not be

necessary.

If KINC>0, then the nodal-point increment is formed from NI and NJ
of the immediately preceding card:
NPINC = |NJ - NI

Two sequences are formed:

NI + NPINC, NI + 2*NPINC .
NJ + NPINC, NJ + 2*NPINC

Both are terminated when the largest integer is reached that is

less than both current values of NI and NJ. Corresponding nodal
points for these two sequences define a surface. Quantity EI is
the dot product of the flux at NI with an outwardly directed unit
vector normal to the element side (NI,NJ). A similar definition

holds for EJ.

Note on transient-state input: Data Sets 18-23 which follow are

identical to sets 12-17, which are used to define the boundary
conditions for the steady-state calculation. Most of the remarks
regarding automatic generation, sign conventions, and other input
restrictions that are pertinent there are pertinent here as well.
Cards, whose descriptions follow, are necessary only if NTI>O.

If NIT=0, there will be no transient calculation, and transient-

state boundary conditions are unnecessary.



18.

19,

20.
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Transient~state integer parameters: Format (16I5). One card

per problem.

I i ! ;
g NBC%NSTENRFPR NRFPAR! NRSEL | NRSN
H { |
5 10 15 20 25 350

Transient~state rainfall profiles: ' Format (8F10.0). These cards

are necessary if and only if the number of rainfall seepage nodes

NRSN>0 and the number of rainfall profiles NRFPR>O0.

TRF(1,L) TRF(1,2) . . .| TRF(1,NRFPAR)
RF(1,1) RF(1,2) . . .| RF{1,NRFPAR)
TRF(NRFPR,1)| TRF(NRFPR,2) {. . .| TRF(NRFPR,NRFPAR)
RF(NRFPR,1) |RF(NRFPR,2) . . .| RF(NRFPR,NRFPAR)

This input provides the basic data for a linear interpolation
from which the rainfall rate RF may be obtained at any time TRF

and at any boundary node, as specified by pointer indices IRFTYP.

Transient-state rainfall types and ponding depth: Format (3I5,

5X,2F10.0). Card input is required here if and only if NRSN>O.

NI | IRFTYP(NTI )| NPINC HCON(NT )
5 10 15 20 30




21.

22,

23.

Transient-state rainfall-seepage surface elements: Format (1615).

Input is required if and only if NRSN>O.

NRSE(MP) y IS(MP,1) | IS(MP,2) | KINC
5 . 10 15 20

Transient-state Dirichlet pressure-type boundary conditions:

Format (2I5,2F1".7)., These cards are necessary if and only if

NBC>0.

NN(NPP) | NPINC | BB(NPP)
5 10 20

Transient-state Neumann flux~type boundary conditions: Format

(315,2F10.0). Cards of this type must be used if and only if

NST>0.

‘s ! ] ~ : 3

{ NJ | KINC f\/ ‘ET BT |
! 1 !/ \‘, i i
5 10 15 20 30 LO
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