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ABSTRACT

YEH, G. T. 1987. 3DFEMWATER: A Three-Dimensicnal Finite Element
Model of WATER Flow through Saturated-Unsaturated Media.
ORNL-6386. Oak Ridge National Laboratory, Oak Ridge, TN.

304 pp.

This report presents the development and verification of a three-
dimensional finite element model of water flow through saturated-
unsaturated media (3DFEMWATER). The special features of 3DFEMWATER are
its flexibility and versatility in modeling as wide a range of real-world
problems as possible. The model is designed to: (1) treat heterogeneous
and anisotropic media consisting of as many geologic formations as
desired, (2) consider both distributed and point sources/sinks that are
spatially and temporally dependent, (3) accept the prescribed initial
conditions or obtain them by s!mulating a steady state version of the
system under consideration, (4) deal with a transient head distributed
over the Dirichlet boundary, (5) handle time-dependent fluxes due to
pressure gradient varying along the Neumann boundary, (6) treat time-
dependent total fluxes distributed over the Cauchy boundary, (7)
automatically determine variable boundary conditions of evaporation,
infilcracion, or seepage on the soil-air interface, (8) include the off-
diagonal hydraulic conductivity components in the modified Richards
equation for dealing with cases when the coordinate system does not

coincide with the principal directions of the hydraulic conductivity

ix



tensor, (9) give three options for esmating the nonlinear matrix, (10)
include two options (successive subregion block iterations and successive
point iterations) for solving the linearized matrix equations, (11}
automatically reset time step size when boundary conditions orx
source/sinks change abruptly, and (12) check the mass balance computation
over the entire region for every tiwe step. The model is verified with

analytical solutions or other numerical models for three examples.
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1. INTRODUCTION

To study the transport of dissolved constituents in a subsurface flow
system, the velocity field, pressure distribution, and moisture content
must be determined. Numerous models by finite Jifferences and finite
elements have been reported in the literature for simulating the flow
variables in saturated-unsaturated porous media (Freeze 1972; Neuman et
al. 1974; Reeves and Duguid 1975;VSegol 1976; van Genuchten et al. 1977;
Narasimhan and Witherspoon 1977; van Genuchten and Pinder 1978; Yeh and
Ward 1980; Reisenauer et al. 1982; Huyakorn 1986). While the Richards
equation (Richards 1931) or its modified form has been the common basis
for the development of practically all numerical models, the variations
among these models lie mainly in the number of space dimensions, the
choice of numerical methods, the treatment of initial and boundary

conditions, and the consideration of source/sink.

The vast majority of subsurface flow models in saturated-unsaturated
media are limited to two-dimensional and/or one-dimensisnal problems.
Only a few three-dimensional models have appeared in the report and open
literature (Segol 1976; Reisenauer, et al., 1982; Huyakorn 1986). In
nature, water movement in the surface system occurs in all directions
(three-dimensicnal problems) under saturated-unsaturated flow conditions.
This report presents the development and verification of a three-

dimensional model of water flow through saturated-unsaturated media to
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deal with naturally occurring or artificially disturbec flow systems. The
model can handle completely saturated, completely unsaturated, or
partially saturated and partially unsaturatel flows. It can be applied to
confined or unconfined aquifer regimes. The most difficult task in
modeling uncorfined aquifer flows is locating tne moving phreatic surfaces
under transient conditions. This difficulty can be alleviated by treating
the media as being under combined saturated-unsaturated conditions. The
surface of the zero pressure head, which is a function of time, can then

be considered as the moving phreatic surface.

The most common mnumerical methods used to solve the Richards
equations are the finite difference methods (FDMs) and finite eleuent
methods (FEMs) (Forsythe and Wascw 1960; Huebner 1975; Lapidus and Pinder
1982). The fundamental distinction between FEM and FDM ig that the former
is based directly upon approximating the function, whereas the latter 1is
based on approximating the derivatives. Thus, the FEM provides spatially
continuous solutions, whereas the FDM yields solutions only at discrete
points. In addition, FEM has several advantages over FDM: (1) a better
description of irregular boundaries, without the need for special
formulas, (2) the ease of employing irregular grid to provide different
levels of spatial discretization in different regions of the aquifers, (3)
easy handling of aquifer heterogeneity and anisotropy, (4) need
(sometimes) for fewer node points to represent the aquifer to the same

level of accuracy, resulting in savings of computational time and computer
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storage, and (5) the natural result of flux types of boundary condicions
from the integral formulation. Hence the FEM is used in the 3DrEMWATER
code because it is believed that the FEM is the bes’ method, especially
when it is used in conjunction with point or block iteration (Yeh 1985;
Yeh et al. 1985) for the solution of matrix equations, as far as the

Richards equation is concerned.

Most of the existing models assume that initial conditions are known
and hence are the inputs to the model (Freeze 1972; Neumann et al 1974;
Segol 1976; Reisenauer et al. 1982). A few models, howaver, do provide
the option of obtaining the initial conditinrns by simulating the steady-
state version oI the Richards equation subject to time-invariarit toundary

conditions (Reeves and Duguid 1975; Yeh and Ward 1980).

As far as boundary conditions are concerned, four types may be
prescribed for the most general cases: (1) Dirichlet, (2) Neumann, (3)
C achy, and (4) variable conditions. For the Dirichlet conditions, the
pressure head is prescribed on the boundary. These conditions are
normally applied to the soil-water interfaces such as streams, rivers,
lakes, artificial impoundments, and coastal 1lines. For the Neumann
conditions, the pressure gradient is prescribed on the boundary. These
ci)nditions do not occur or may not be specified very often in real-world
problems., They may be applied to the bottom of the media whrre natural

drainage takes place. For the Cauchy conditions, the total normal flux on
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the boundary due to pressure gradient and gravity is prescribed. These
conditions are normally applied to surface water bodies with known
infiltration rates through their bot.om layers of sediments or limers into
subsurface media. On the variable boundary, either Cauchy or Dirichlet
concitions prevail depending on the conductivity of the media, the
avallability of water such as rainfall rates, and the potential
evapotransriration. These conditions normally occur at the soil-air
interface. Most of the existing large computational codes have not
included all four types of boundary conditions. Many cousidered only two
or, at the most, three types. Furthermore, most of these were not
designed to treat boundary values that are time dependent either gradually
or abraptly and that vary along the boundary. Concerning the treatment of
source/sinks, existing computational codes fare much better since quite a

few include transient, point, as well as distributed source/sink terms

(Neumann et al. 1974),

In real-world problems, the recharge and pumping due to rainfal. and
ar' 1ficial withdrawals are likely to be time dependent and distributed
over the region of interest. The given boundary pressure heads, with rare
exception, vary with time and along Dirichlet segments at the surface
water bodies, which inevitably have their water levels fluctuating along
the soil-water interfaces. The prescribed pressure gradients along
Neumann boundary segments are, in general, time dependent. The known

total water fluxes on Cauchy boundary segments are transient in nature;
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for example, the infiltration rate from the bottom of surface water bodies
into subsurface media depends on the depth c¢f water, which, of course,
varies with time. Furthermore, on the air-sojil interface, the rainfall {is
intermittent and its intensity is not constant with time, resulting in
transient total fluxes if the soil 1is capable of taking all the
throughfall. Thus, for field applications, a computatlonal model must
have the capability t» deal with these aspects simultaneously. This

report presents the development of such a model to achieve these purposes.

In addition to its versatility and flexibility to treat transient
source/sinks and boundary conditions and to provide options to obtain
initial conditions, 3DFEMWATER also includes several special features. By
including the off-&iagonal hydraulic conductivity components, the model
can be applied to anisotropic and nonuniform media. For an anisotropic
Qniform medium, one can imbed the coordinate system to coincide with the
principal directions of the hydraulic conductivity tensor. However, for
=aisotropic and heterogeneous medis, the inclusion of off-diagonal
conductivities becomes necessary since the principal directions of the
hydraulic conductivity tensor vary with space, prohibiting the imbedance

of a unique coordinate system.

The Richards equation 1is nonlinear and its numerical solution
exhibits fluctuations in iterations for many situations. Underrelaxation

is thus provided in 3DFEMWATER to reduce the fluctuations. When certain
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sets of system parameters such as hydraulic retention and hydraulic
condictivity are variable, the rate of numerical convergence is very slow.
Hence, an overrelaxation technique is given as an option to speed up the

convergence.

In solving the linearized matrix equation to obtain the 1iterates,
practically all finite element models use the direct eliminatisn methods
to solve the system of algebraic equations simultaneously. When the
regicn of interest requires s large number of nodes for discretization,
the use of a direct elimination solution to the matrix equation becomes
impractical because of cxcessive requirements on the central process unit
(CPU) memory. For example, an 80 x 40 x 20 node discretization in =&
three-dimensional problem would need a CPU memory of about 960 megabytes
for the banded coefficient matrix alone. These plus other overhead CPU
memory are beyond the capacity of any of the mainframe compucers today.
To alleviate this problem, two options are provided in solving the matrix
equation which will greatly reduce the CPU memory requirement: successive

subregional block iteration and successive point iteration.

Finally, for abrupt change of external conditions, wmall time step
size 1is needed to yleld accurate and stable solutions. Autonmatic
resetting of the time step size is built {nto 3DFEMWATER to facilitate the

computations, This alleviates the troublesome external manipulations.
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2. MATHEMATICAL STATEMENTS

2.1 Derivation of the Governing Equations

The mathematical formularion of the conservatior of miss and Lzicy’s”
law extended to ihree-dimensicnal €low have been described in .i=tail
elsewhere (Bear 1972). Using (1) the continuity of fluid, (2) the
continuity of solid, (4) the motion of fluid (Darcy’.; iaw), {4) equarion :
of the state, and (5) the law of consrlidation of mecia, one can derive a
governirg equation for the distribution of pressure head in the saturatel-

unsaturated subsurface media. The derivation of this rombined equatior. 4s

described below.

The continuity of fluid is expressed in integral {zrm as:

D - . . -
De Snepf dv I n (pr%s) dar + I pfq dv , (1)
v r v
where
t = time (T),

D( )/Dt = total derivative of ( ) with respect to time,

n = effective porosity (L3/L3),

S = degree of saturation (dimensionless),

Pe = fluid density /L3,

n = outward unit vector normal to the surface,

st ~ Darcy’s velocity relative to the solid matrix (L3),

v = volume of material containing constar* amount of
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solids (Fig. 1) (L),
q - internal source/sink ;/.3/T)/L3],

' « surface enclosing the volwiz v (Fig. 1) (L?).

ORNL-OWG 27-18425

Sy

e dv

T

Fig. 1. An element volume containing constant amount of solids
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By the Reynolds transpsrt theorem (Owczarek 1964), Eq. (1) can be written

as
. ap S
J —&ac av + I n(Spen V)dr + I N (pV_)dr = I peady , (2
v r r v

vhere

V; ~ velocity of the deformable surface T due to
consolidation (L/T).

Applying the Gaussian divergence theorem to Eq. (2) and using the fact
that v is arbitrary, one can obtain the following continuity equation of

fluid in differential form:

apﬁz S

pye + V'(pfneSV;) + V'(vak.) = Pgd - (3)

The granulsr skeleton of the media is considered compressible under
pressure, but the grains themselves are considered incompressible. The

continuiry statement of incompressible solids but a compressible skeleton

is

L -
Dt P'(l h n.) dv 0 ’ (a)

vhere

Py = density of solid grains (H/L3).

Again applying the Keynolds transport theorem to Eq. (4), we obtain:
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a(l - n)p
7t —= g4, I n-[(1 - n)p V 1dl =0 . (5)
v r

Using the Gaussian divergence theorem and the fact that £ is arbitrary, we

can write Eq. (5) in the differential form as:

3(1 - n)p
—'——e—"s'at + V-[( - ne)psVs] -0 . (6)

However, since the solid grains are incompressible, we have

dp

— 9. o
st V.V = 0. (N

Combining Eqs. (6) and (7), we have:

4(1l - n)

TS + v [Q1 - ne)Vs] -0 . (8)

Equations (3) and (8) are derived based on the con:inuity law of
fluid and solid grains, with the assumptions that the grains are
incomprcssible. These two equations involve five state variables, p¢, ng,
Veg, Vg, and S. Up to this point, no empiricism has been introduced in
the derivation of the governing equations [Eqs. (3) and (8)]. However,
the number of state varisbles exceeds the number of equations. Thus,
constitutive relationships must be empirically or thecretically

established among ng, sf, Vgg, Vg, and S.
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The first conrtitutive relationship is the empirical Darey’s law,
stating that the relative Darcy's velocity Vgg is proportional to the
gradient of hydraulic head. The proportionality constant is termed the
hydraulic conductivity. This ewmpirical law, in fact, can be derived
theoretically from the continuity of momantum with the assumptions of
neglecting the inertial forces and linearizing the frictional force
(Polubarinova-Kochina 1962). The extension of Darcy’s law to anisotropic

media may be written in the form of

V%s - - KVH , (9

H=h+ 2z, (10)

where

j=o
]

total head (L),

-
]

pressure head (L),

N
]

potential head (L),

~
]

hydraulic conductivity tensor (L/T).

The hydraulic conductivity tensor is a function of fluid and medium

properties and is defined as

P
K--£p

, (11)
afd

where

P = intrinsic permeability tensor of the media (L2,
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Be = dynamic viscosity of the fluid (HL/T2fL2/T),
g ~ acceleration of gravity (L/Tz).

A new state variable h ir Egs. (9) and (10) has been introduced.
Thus, we will need a constitutive relationship to take care of the new
state variable h. Thus, the second constitutive relationship will be the
empirical, thermodynamic equation of state. We will assume that the fluid

dersity pg is either constant or a function of the pressure p only; that

is,

Pe = e(P) , (12)

where

p = pressure [(ML/TZ)/12].

With the assumption of Eq. (12), we can now relate the pressure head to

the pressure as

P-P
h oo —2 _ 2

, (13)
sz Pfg

where
Py = tue datum presgsure [(HL/T2)/L2].

o = the incremental pressure of the fluid.

The third ccnstitutive relationship will be derived based on the

consolidation law of the media to relate the solid velocity Vg to the
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pressure head h in chis paragraph. The three-dimensional consolidation

equation developed by Biot (1940) is

(As + 2ps)V2e - Vza , (14)

where

- Lame first comstant [(ML/T2)/L2],

B, = Lame second constant [(HL/Tz)/Lzl,

e = dilatation of the media (dimemnsionless).

The dilatation e and the solid velocity Vg are definmed by:

- Y- -L(J
e =V-U and V; ac * (15)
where
U = displacement of the media (L).
Taking the divergence of V;, and from Eq. (15), we have
v o Lo o 2e
v V; at(V [8)] ac (16)

Equations (13), (14), and (16) have 1implicitly established the
constitutive relationship between V; and the pressure head h. To

explicitly express this relationship, we integrate Eq. (14) to yield

(AS + 2ps)e -0+ f . (17)

where
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f = integration function.

The integratioa funcction f must satisfy the Laplace’s equation for all
time. To simplify the matter further, we will only consider vertical
consolidation. Under this condition, it has been shown (Verruijt 1969)

that the Integration fuiaction f is equal to 0. It then follows from Eq.

(17) that
fe o2z (18)
vhere
-1
o (Xs + 2ps) (19)
in which

a = the coefficient of consolidation of the media.

Substituting Eqs. (13) and (18) into Eq. (16), we obtain

w e _ _de _ sh _ _,dh
V'V = e~ @ ac " g8 gc " %5 (20)

where a’ is the modified compressibility of the media.

To complete the final, fourth constitutive relationship, we shall
assume that the moisture content is a unique function of the pressure
head. This function is termed the retention curve in the soil physics

literature and expressed mathematically as:
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§ - neS -~ 6(h) , (21)

where & is the moisture content. When the media are under -caturated

cenditions, # is equal to the effective porosity, ng, and § is equal to 1.

Equations (3), (8), (9), (13), (20), and (21) (representing
continuity of fluid, continuity of solids, Darcy’s law, the equation of
state, vertical consolidation of the solid matrix, and retention
characteristics of the media, respectively) contain six variables pf, ng,
Vis, b, Vg, and S. Hence the number of equations is equal to the number
of unknowns. The system is complete, and a mathematical stectement is
posed. However, we can combiné these six equations into a single one to

simplify the problem. The simplification is demonstrated below.

Expanding Eqs. (3) aid (8), we have

Spf[?;:‘-g + V'(neVs)] + nes z—:t: + n Ps g'i' -
- (0 V) V(Spe) - V(peVe) + peq (22)
and
a_ne - -9 (V) + 9V (23)
at e's s '’

respectively. Neglecting the second-order term, (neVs) V(Spg), and
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substituting Eq. (23) into (22), we obtain

dp
as h 4 YV - . v
nepf at + nes Jt + spfv vS v (vafs) + Pfq - (2‘5)

From Eq. (12), a compressibility of the fluid, B, is defined by

dp
1 f
B =" 0 (25)
Pf dp
Rewriting Eq. (25) in the following form,
do. = Bogdp , (26)
and using Eq. (13), we have
B¢ ap ah
ac " PP ac PP o (27)
where
B = peeh (28)

is the modified compressibility of water. From Eq. (21), we can define a

specific moisture capacity as

dh ~ Te dh ° (29)

from which
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daé
dh

- B
(]

- n . (30)

Substituting Eqs. (9), (20), (24), and (30) into (24), we obtain:

dé dh , dh , dh ) . .
Pedh ac T PEPB ge ¥ SPg g = Y (pgKVH) ¥ pgq (31)

Expanding the fourth term of Eq. (31) and neglecting the second-order term
[(K-VH)-(Vpg)], we finally have the following governing equation for

saturated-unsaturated media:

F %% = V-[K-(Yh + Vz)] + q , (32)
in which
o ' dé
F an+ﬁ0+dh. (33)

The first two terms in Eq. (33) make Eq. (32) a modified form of the

Richards equation.

2.2 Initial and Boundary Conditions

To completely define the problem, Eq. (32) must be constrained by
initial and boundary conditions. It is assumed that an initial
distribution of pressure head can be described in the region of interest,

R (Fig. 2):
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h - hI(x,y,z) in R, (34)

where hy is the vrescribed initial condition, which can be defined or

obtained by colving the steady state version of Eq. (32).

The specificarion »f boundary ~onlitions is the most difficuit and
intricate task in groundwater flow modeling. From the dynamic point of
view, a segment of boundary may be crassified as flow-through or
impervious. From the physical point of view, it may be considered as a
soil-air interface, a soil-soil interface, or a soil-water interface.
From the mathematical point of view, it may be treated as a Dirichlet
boundary on which the functional values are prescribed, a Neumann boundary
on which the gradients of the function are known, or a Cauchy boundary on
which the total fluxes are given. An even more difficult mathematical
boundary is the varizble conditions on which the boundary conditions are
not known a priori but are rhemselves the solution to be sought. In other
words, on the mathematically variable boundary, either Dirichlet or Cauchy
conditions may prevail and change with time. As to which condition
prevails at a particular time can only be determined in the cyclic process
of solving the governing equations (Freeze 1972; Reeves and Duguid 1975;

Yeh and Ward 1980).

Whatever point of view 1is taken, all boundary conditions must be

transformed into mathematical equations for quantitative simulation.
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Thus, we will specify the boundary condition from the mathematical point
of view in concert with dynamic and physical considerations. The boundary
conditions imposed on any segment of the boundary are taken to be either
Dirichlet, Neumann, Cauchy, or variable. Thus, the boundary may be split

into four parts, Bp, By, Bc. and By (Fig. 2), denoting Dirichlet, Neumann,

ORML-DWG 87M-9564

Fig. 2. Region of interest and its boundaries
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Cauchy, and variable boundaries, respectively. The conditions imposed on

the first three types of boundaries are given as follows:

h = hD(x.b,yb,zb,t) on BD . (35)
-nKvh = qN(x.b,yb,zb,t) on BN' (36)

and
-n°(Kvh + K'vz) = qc(xb,yb,zb.t) on BC' 37

where (xp.yp.2p) 1is the spatial coordinate on the boundary; and hp, qy,
and qc are the prescribed Dirichlet functional value, Neumann flux, and

Cauchy flux, respectively.

The conditions imposed on the variable-type boundary, which is
normally the soil-air or soil-water interface, are treated separately for

precipitation and nonprecipitation periods. During precipitation periods,

ve impose

h - hp(xb,yb,zb,t) on Bv, (38)
or

-n°(KVh + KVz) = qp(x.o,yb,zb.t) on Bv, (39)

where hp 1s the allowed ponding depth and qp 1s the throughfall of

precipitation. Either Eq. (38) or Eq. (39) is applied to the boundary By
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when the exact boundary conditions cannot in general be predicted a
priori. Such a case would arise at the ground surface where either
Dirichlet (ponding) or Cauchy (infiltration) conditions could prevail.
The changeover from Dirichlet conditions specified by Eq. (38 to Cauchy
conditions specified by Eq. (39) or vice versa is determined in the cyclic
process of solving Eq. (32). Numerical implementation of this type of

boundary conditions is treated in Sect. 3.3.

During nonprecipitation periods, we imposed

h = hp(xb,yb,zb,t) on Bv, (40)

or
h = hm(xb.yb.zb,t) on B, (1)

or
-n°'K-(Vh + Vz) = Qe (X1 Yy 1 s €) on B, (42)

where hy is the allowed minimum pressure on the air-soil interface and g,
is the allowed maximum evaporation rate, which 1is the potential
evaporation. Again, only one of Eqs. (40) through (42) is used at any

point on the variable boundary.

Equations (32) and (35) through (42) constitute a general mathe-
matical statement of physical problems of flow in saturated-unsaturated
subsurface media. Analytical solutions for this general system do not

exist. Numerical algorithms have to be devised to solve the problem. The
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finite element method rather than the finite difference mechod will be
used in this report because of its ability to treat compound regions with
complex boundaries and its simplicity in handling flux-type boundary
conditions, whereas the FDM has to use a regular grid system and to

interpolate the flux-type boundary conditions.
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3. NUMERICAL APPROXIMATIONS

Equations. (32) and (35) through (42) constitute an initial-boundary
value problem governing the hydrological flow probleas in subsurface
systems. Analytizal solution to the s/stem in general is beyond the
capability of present day applied mathematics. Yumerical methods are the
only tools that can be used to achieve a solution. A large number of
numerical approximations can be used to reduce the partial differential
equation governing the subsurface flow to a system of algebraic equations.
The most common numerical methods used to approximate Eq. (32) are finite
difference methods (FDMs) and finite element methods (FEMs) (Forsythe and
Wasow 1960; Huebner 1975; Lapidus and Pinder 1982). Many other numerical
techniques such as the integrated finite difference method (IFDM)
(Narasimhan and Witherspoon 1977) or the integrated compartment method
(ICM) (Yeh and Luxmoore 1983), have been employed to deal with special
cases of the Richards equation. Only finite differences and finite
elements can be applied to the most generalized form of the transport
equations. The advantages of the FEM are its inherent ability to
discretize complex boundaries, ease in dealing with flux-type boundary
conditions, and flexibility in including cross-derivative terms. The
disadvantages of the FEM are the requirements of CPU time tco obtain
element matrices, and the inflexibility of using iteration methods to
solve the resulting matrix equation. On the other hand, the FDM offers

great economy because of simple Interpolation for the derivatives, and [t
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provides flexibility in solving the resulting matrix equation with various
iteration methods. However, it suffers from the problems that the regular
rectangular grid system must be used, the flux-type boundary conditions
must be extrapolated, and the cross-derivative terms cannot be
consistently approximated. The most severe limitations of the IFDM are
its inability to treat anisotropic media and its usage of the Jacobian
iteration wethod, in which the rate of convergency is extremely slow, but
it offers even more flexibility than the FEM in discretizing the complex
boundaries, and the physical representation of the method is most clearly
understood. The ICM, while retaining the advantage of the IFDM, can deal
with anisotropic media by defining new variables but at the expense of
having to solve a large number of simultaneous field equations (Yeh and
Luxmoore 1983). In addition, ICM provides options of using the direct
elimination method and 1{iteration methods with the Gauss-Se2idel or
successive overrelaxation schemes to solve the matrix equation (Yeh and
Luxmoore 1983). 1In light of these discussions and the fact that great
progress has been made in using the iteration methods to solve finite
element equations (Yeh 1985; Yeh 1986) and that influence coefficient
methods have been proposed to analytically and thus economically compute
the element matrices (Huyakorn and Thomas 1984), the FEM is used in this

report to approximate the Richards equation.
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3.1 Finite Element Approximations in Space

Equation (32) will be Integrated in the spatial dimensions by the
wveighted residual method in conjunction with finite elements. Because
the formulation and use of the finite element method has been well
documented (Lapidus and Pinder 1982), the theoretical basis will not
presented here. Only the numerical procedures are summarized in the
following. The region of interest is subdivided into an assemblage of
smaller subdomains called elements, which are interconnected by nodes that
may be either on the vertices or the boundaries of the elements.
Following the procedure of the finite element, weighted-residual method,
approximate formulation of the distribution of the pressure head in Eq.
(32) will be obtained. Thus, let the variable h be approximated by

N

h- I h(t)N (x,y,2) , (43)
§=1 h) ]

where

Nj = the basis function of the spatial coordinate
for the j-th node,

h, = the value of h at node j,

3

N = number of nodes in the region.

Upon substituting Eq. (43) into Eq. (32) and applying the principle of

weighted-residual, we obtain the following matrix equation:

(i ‘jf; + [S](h) = {G) + (Q) + (B} , (44)
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wvheze (dh/dt} and (h) are the column vectors containing the values of
dh/dt and h, respectively, at all nodes; [M] is the mass matrix resulting
from the storage term; |[S] is the stiff matrix resulting from the action
of conductivity; and (G}, (Q), and (B) are the load vectors from the
gravity force, internal source/sink, and boundary conditions,

respectively. The matrices {!i] and [S] are given by

e e .
My - 3 I NCFNS GR | (45)
eeM R
e
e e
S - T I [(NS) K- (W) a® (46)
J eeHe R
e

where

Re = the region of element e,

He ~ the set of elements that have a local side a-8

coinciding with the global side i-j,

NZ = the a-th local basis function of element e¢.

Similarly, the load vectors {G), (Q) and (B) are given by

G = - % I (VN:)-K-Vz dr 7
eeM
e R
e
Q, - % I N®q dar (48)
i aq ’
eeM
e R
e

and
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B, - - I j NZ.(-K'VH) dB (49)

i
eeN
se B
e

where
Be = the length of boundary segment e,

Nse = the set of boundary segments that have a local node a

coinciding with the global node 1.
It should be noted that in applying the weighted-residual finite element
method to Eq. (32), we have used the Galerkin finite element method, in

which the set of basis functions is chosen as the set of weighting

functions for all terms.

The reduction of the partial differenctial equation (PDE), Eq. (32),
to the set of ordinary differential equations (ODE), Eq. (44), simplifies
to the eveluation of integrals on the right-hand side of Eqs. (45) through
(49) for every element or bouncdary segment e. The major tasks that remain
are the specification of basis ind weighting functions and the performance
of integration to yield the element matrices. Linear hexahedron elements

are employed in this report.

For a hexahedron element with eight corner nodes, a trilinear
polynomial base function for the a-th node may be written in terms of

local normalized coordinate as

No = (L+ €60(L+nm(l+g ()8, a=1 2, ..,8, (50)
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vhere £,, %o, 8nd {, are the local coordinates of the corner nodes, which
are numbered 1 to 4 progressing arvund the bottos face of the element in a
counterclockwise direction and 5 to 8 around the top face of the element
also counterclockwise direction, as shown in Fig. 3. The transformation
from local coordinate (£,n.{) to the global coordinate (x,y.z) is acnieved

by

OANL-DWO §7-980¢

7 (,1,1)

8 (1,-1,1

- ——=—73{),1,~9)

Iv: 1 =11
1x 2 1(=1,=1,-1 2 (11,1

Fig. 3. Global coordinate vs local coordinate for a typical element
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8 8
x - aflxaN:(f,q.() , y - aflyaNz(f.n.n , and
8 e
z= X zaﬂa(f.ﬂ-() . (51)
a=1

To complete the reduction of the PDE [Eq. (32)] to the ODE [Eq.
(44)], one has to evaluate the integrals on the right-hand sides of Egs.
(45) through (49) for every element to yield the element mass matrix [M€]
and stiff matrix [S®] as well as the element gravity colummn vector (G®},

source/sink column vector (Q®), and boundary column vector (B€} as

e e e
Haﬂ - I Namﬁ dR , (52)
R
e
s:ﬂ -I (VN:)'K-(VN;) dr , (53)
R
e
c: - j (VN:)-K-Vz ar |, (56)
R
e
Q -J N°q R , (55)
R
e
and
s: - I N:n'(-K'VH) dB |, (56)

B
e
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where the superscript or subscript e denotes the element and a, 8 = 1, 2,

3| l‘n 51 6, 7. or 8.

For a hexahedron element, Egs. (52) through (55) are computed by
Gaussian quadrature (Conte 1965) because it is not easy to solve Eq. (51)
for £, 5, and { in terms of x, y, and z. The computation of Egs. (52)
through (55) with the Gaussian quadrature is straightforward. However,
the computation o€ Eq. (56) will need further elaboration, which will be

described in Sect. 3.3.

3.2 Finite Differeace Approximation in Time

An important advantage of finite element approximation over finite
difference approximation is its inherent ability to handle complex
boundaries and obtain the normal derivatives therein. In the time
dimension, such advantages are not evident. Thus, finite difference
methods are typically used in the approximation of the time derivative.
Using a time weighting factor w, we obtain from Eq. (44) the following

matrix equation:

[C)(h) - (L) + (B} , (57)

t+At

where (hlgyae 15 :he column vector representing the values of (h) at time
(t + At) with At peing the time step size, and the stiff matrix {(C) and

the load vector (L) are given as




31 ORNL 6386

(C] = [M]/at + w[S} , (58)
and

(L) = (D) + (Q) + ([M]yat - (1 - wW)[S])th) ., (59)

in which w is the time weighting factor and (h), is the values of {h} at
time t. When w =~ 0, the time integration is explicit. When w = 0.5, it
is the Crank-Nicolson central difference. For the implicit (or backward)

difference, w is equal to 1.0.

3.3 Numerical Implementation of Boundary Conditions

To incorporate the boundary ccnditions, we have to evaluate Eq. (56)
for every boundary segment e to yield the load vector (B®}. For the
Cauchy boundary condition given by Eq. (37), we simply substitute Eq. (37)

into Eq. (56) to yield a boundary-element column vector (B} for a Cauchy

segment:

e e
(Bc) - {q ), (60)
where (q:) is the Cauchy boundary flux vector given by

- . € - \
ey J baqc dB, a 1, 2, 3, 4. (61
B

e

This Cauchy boundary flux vector represents the normal fluxes through the

two nodal pofnts of the segment B, on B.
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The surface integration of Eq. (61) in three-dimensional space is not
as straightforward as the line integration in two-dimensional space. This
Integration requires further elaboration. Any surface Integral of a
continuous function F(x,y,z) specified on the surface S (Fig. 4) can be

reduced to the area integration. Let I represent the surface integral:

ORNL-DWG 87-9581

Fig. 4. A surface area and its imbedded local coordinate
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I = J F(x,y,z)ds , (62)
S
where
z = f(x,y) (63)
is the equation for the surface S. Also, let P be any point on the
surface S with coordinates (x,y,z) or (£,n) (Fig. 4). Then the vector r

from O to P is given by
r=x1i + yj + zk . (64)

The tangent vectors to the coordinate curves £ =~ £, and n = n, on the
surface S are dr/dn and 3r/3€, recpectively (Fig. 4). The area dS of Fig.

4 is given by

ar ar
ds - Y: X aﬂl d¢ dn , (65)

where X represents vector multiplicatfon. But

i 3k

ar ,dr_ 1 3x dy iz

a¢ X an € 13 € (66)
x dy
an an an

so that

2
dS = Jx + J7 + Jz dédn (67)
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where
ax oy
a€ a€
Jz - . (68a)
ax dy
an dan
2x 2z
a€ a¢
- . b
Jy (68b)
ax 2z
an dan
9z ay
a€ aé
Jx - . (68¢)
dz dy
an an

Substituting Eq. (67) into Eq. (62), we obtain

I F(x,y,z) dS -I &(€,n) Ji + J§ + Ji dédn |, (69)

S S

whare

$(£.m) = F(x(£,n),y(£,m),2(4,m)] . (70)
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Using Eq. (69), we can easily evaluate Eq. (61) with the Gaussian

quadrature to yield the numerical value of qf .

For the Neumann boundary condition given by Eq. (36), we substitute

Eq. (36) into Eq. (56) to yiela a boundary-element column vector (Bﬁ) for

a Neumann segmernt:
e e
(B} = (q) . (71)
where (q:} is the Neumann boundary flux vector given by

e e e
q., - I (Nan Kvz - Nan) dB ; a=1, 2, 3, 4, (72)

B
e

which is independent of the pressure head. Again using Eq. (69), we can

easily compute the integral in Eq. (72) to obtain the Neumann boundary

flux qf,.

The implementation of a variable-type boundary condition is more
involved. It normally occrs at the air-soil interface. During a
precipitation period, we will assume that only seepage or infiltration can
occur for any poin~ on the air-soil interface. No evapotranspiration is
allowed since it is not 1likely to happen. If seepage occurs, the
Dirichlet boundary condition, Eq. (38), must be imposed. On the other
hand, if infiltration occurs, either the Dirichlet boundary condition,

Eq. (38), or the Cauchy boundary condition, Eq. (39), may be specified,
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depending on the soil properties and throughfall rate qp in Eq. (39). The
prob’em is which equation, Eq. (38) or Eq. (39), should be prescribed for
a point on the boundary. This problem is settled by iteration. The
procedure adopted is as follows. At each {teration, we examine the
solution at each node along the variable boundary and test whether the
existing boundary condition is still consistent. Specifically, if the
existing condition is Eq. (39) (Cauchy boundary condition), we compute the
pressure head at cthe boundary node. If the head 1is greater than the
allowed ponding depth hp in Eq. (38), too much water has been forced into
the region through the node. In other words, the throughfall rate is
greater than that which the medium can absorb. To account for this, the
boundary condition is changed to Eq. (38), which in practice should result
in infiltration at a rate less than qp in Eq. (39) or result in seepage.
If the computed head is less than the ponding depth, the medium is capable
of absorbing all throughfall and no change of boundary condition is
required. On the other hand, if the existing boundary condition is Eq.
(38) (Dirichlet boundary condition), we compute Darcy’s flux at the node.
If the computed Darcy flux is going out of the region (seepage) or into
the region (infiltration) but {its magnitude {s less than 9p in Eq. (39),
no change of boundary condition {s needed. However, if the computed Darcy
flux is directed into the region (infiltration) with a rate greater than
the throughfall rate qp, a change of boundary condition to Eq. (39) is
required since Eq. (38) would force more water than available into the
region. By changing the boundary condition to FEq. (39), {t should in

practice result in a pressure head less than hp. The iteration outlined
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above fs discontinued when no changeover of boundary condition is

encountered along the entire boundary.

Similarly, during a nonprecipitation period, we will assume that only
evapotranspiration or seepage can occur and no infiltration is allowed.
If seepage actually occurs at a node, Eq. (40) (Dirichlet boundary
condition) must specified at the node. On the other hand, if
evapotranspiration happens, either Eq. (41) (Dirichlet boundary condition)
or Eq. (42) (Cauchy boundary condition) may be imposed at the node. The
problem is again to determine which of the three equations should be used
as boundary conditions. Iteration procedure is used to solve the problem.
If the existing boundary condition is Eq. (40), we calculate Darcy’s flux.
When the computed Darcy flux is going out of the region, the existing
boundary condition is consistent and no change on boundary condition is
necessary. When the Darcy flux is directed into the region (remember no
infiltration 1is allowed), the application of Eq. (40) iwmplies the
infiltration and prohibits evapotranspiration. Hence, the boundary
condition is changed to Eq. (42), which in practice would generate
evapotranspiration and would result in a pressure head lower than the
ponding depth in Eq. (40). If the existing boundary condition is Eq.
(41), we compute the Darcy flux. Since the minimum pressure is prescribed
on the boundary, it is unlikely that this computed Darcy flux will be
directed into the region. Thus, when the computed outgoing Darcy flux is
less than q¢ in Eq. (42), the existing boundary condition is consistent

and no change on boundary condition is needed. When the computed Darcy
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flux is greater then q, in Eq. (42), the application of Eq. (41) implies
the imposition of too much suction at the node. Hence, the boundary
condition is changed to Eq. (42), which in practice should result in a
pressure head greater than hy; in Eq. (41). If the existing boundary
condition is Eq. (42), we calculate pressure head at the node. If this
computed pressure head is not lower than h; in Eq. (41), the boundary
condition is consistent and no change is required. However, if the
computed head is lower than hy in Eq. (41), the application of Eq. (42)
implies that too much water is removed through the node yielding too low a
pressure head. Hence, the boundary condition is changed to Eq. (41),
which should yield an evapotranspiration rate less then q¢ in Eq. (42).
This 1iteration process is completed only when consistent boundary

corditions have been applied to all nodes on the variable boundary.

During the iteration of boundary conditions on the variable boundary,
one of the Eqs. (38) through (42) is used at a node. If either Eq. (39)
or (42) i3 used, we substitute it into Eq. (56) to yield a boundary

element columr. vector {B$) for a variable boundary segment:
e e
(B} = (q.} (73)
where (q:) is the variable bourdary flux given by

e e . e . -
qva - - I Naqp dB, or Qg = - I Naqe dB; «a 1, 2, 3, 4 (76)
B B

e [:4
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Assembling over all Neumann, Cauchy, and variable boundary segments,

we obtain the global boundary column vector {B) as

{B) - (q) , (75)

in which

{q) = X {qzi + X (qu + Z (q:l . (76)

eeN eeN eeN
ne ce ve

where N,o, Nce, and Ny, are the number of Neumann bcundary segments,
Cauchy boundary segment, and variable boundary segments with flux

conditions imposed on them, reépeccively.

Substituting Eq. (75) into Eq. (57) and dropping the subscript

(t + At) to simplify the notation, we obtain
(Clth} = (R} , (77)
where (R} is given by
(R} = (L) + {q) . (78)
At nodes where Dirichlet boundary conditions are applied, an identity

equation is generated for each node and included in the matrices of Eq.

(77). The detailed method of applying this type of boundary condition can
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be found elsewhere (Wang and Connor, 1975). The Dirichlet nodes include
the nodes on the Dirichlet boundary and the nodes on the vairiable bowndary

to which either Eq. (38), (40), or (41) is applied.

3.4 Solution of the Matrix Equations

The matrix equation, Eq. (77), is linear only when the entire region
of Interest is under saturated conditions. If part of the region is
unsaturated, the governing equation, Eq. (32), 1is nonlinear, hence Eq.
(77) is a nonlinear matrix equation. To solve it, some type of iterative
procedure 1is required. The approach taken here 1is to make an initial
estimate of the unknown (hK). Using this estimate, we then compute the
coefficient matrix (C] and solve the linearized matrix equation by the
method of linear algebra. The new estimate is nos obtained by the
weighted average of the new solution and the previous estimate:

)y o s a - 0w, (79)

where [h(k+1)) is the new estimate, [hk) is the previous estimate, {h)
is the newv solution, and w {8 the iteration parameter. The procedure {is
repeated until the new solution {h) is within a tolerance error. When the
iteration parameter is greater than or equal to O but {s less than 1, the
iteratior. is termed under-relaxation, If w = 1, the method is the exact
relaxation. For the cases when w 18 greater than 1 but less than or equal
to 2, the iteration is termed overrelaxation. The underrelaxation option

should be used to overcome cases when nonconvergency or the slow
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convergence rate is due to fluctuation rather than due to “blowup"
computations. Overrelaxation should be used to speed up the convergence

rate when the rate of convergency decreases monotonically.

Two options are employed to solve the linearized matrix equation: one
is the direct elimination method and the other {s pointwise iteration.
When the direct elimination method is used to solve the matrix equation, a
single iteration loop is used to iterate the nonlinearity. However, when
pointwise iterations are used, a double loop is required: the inner loop
to solve the linearized equation and the outer loop to {iterate the
nonlinearity. Three options have been employed wher the pointwise
;;eration method is used to solve the linearized matrix equation. These
«ar;‘fhe successive under-relaxation (SUR), Gauss-Seidel (G-S) iteration,
anc successive over-relaxation (SOR). These three methods are unified by
a>fe1axation parameter, f}. When the relaxation parameter is less than 1
but greater than or equal to 0, the method is termed SUR iteration. When
{1 is equal to 1, the method is termed G-S iteration., If the relaxation
parameter is greater than 1 but less than or equal to 2, the method is

termed SOR {teration.

There are six options in 3DFEMWATER to solve the finite element
equations. These are the combination of two ways to solve a given set of
linearized algebraic equations and three ways of estimating the

coefficient matrix.
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3.5 Computation of Mass Balance

One of the most important aspects in numerical modeling of
subsurface flow is to check the mass balance over the whole region. The
error in mass balance provides a crude index on the accuracy and
ronvergence of numerical computations. The mass balance over a region R

enclosed by the boundary B(x,y,z) = 0 can be obtained by integrating Eq.
(32):

éh
Fy = J (F 3t - q) AR , (80)
R

and

FB - I FdB , (81)
B

where Fy represents the net volumetric increasing rate of water in the
region, Fg is the net volumetric flow rate cthrough the entire boundary out
from the region, and F, is the outward normal flux. In fact, F, can be

defined as

Fn = - nK-VH (82)

Having obtained the pressure head field by solving Eq. (77), one can
integrate Eqs. (81) and (81) independently. If the solution for h is free
of error, one would expect the sum of two integrals equal to zero. In the

present report, the integral of Eq. (82) is broken Into two parts:

Fi):
Fp = J FEl R, (83a)
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and

F_ = I q dR , (83b)
R

vhere Fp and Fg represent the volumetric rates due to head change and
artificial sources, respectively. Similarly, the integral in Eq. (82) is

broken into six parts:

Fy - I F_ b, (84a)
Bp

F, - I F db (84b)
Be

Fy - j F b, (84c)
By

Fyo = j F dB (84d)
Byo

Fyr = j F dB (84e)
By1

and

FL - J F dB (84£)

B-B,-B-By-B,

in which Fp, Fg. Fy, Fyp. Fyr, and Fp represent fluxes through the



Dirichlet boundary Bp, the Cauchy boundary B;, the Neumann boundary By,
the part of the variable boundary Byg with flow going out from the region,
the part of the variable boundary Byj with flow going into the region, and

the unspecified boundary B-Bp-F~-By-By.

For an exact solution, the sum of the net outgoing flux Fg across the
entire boundary and the total volumeiric increase rate Fy should be equal
to zero. In addition, Fp should theoretically be equal to zero. However,
in any practical simulation, Fg plus Fy will not be equal to zero, and F,
will be ronzero. Nevertheless, the mass balance computation should

provide a means to check the numerical scheme and the consistency in the

computer code.
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4. DESCRIPTION OF THE COMPUTER PROGRAM

4.1 Purpose of 3DFEMWATER

There are two source codes for 3DFEMWATER. Both of these two codes
are designed to solve the initial and bound-»y value problems given by
Eqs. (32) and (34) through (42). We have used the subregional bleck
iteration methods (Yeh et al. 1985) in one code (referred to as code BLI),
which is listed in Appendix A. For the other code (referred to as code
PTI), listed in Appendix B, we have used the point iteration method. The
differences between BLI and PTI are: (1) in BLI two subroutines BLKITR and
SOLVE are used to solve the matrix equation, whereas in PTI the subroutine
PISS is used to solve the matrix equation; (2) for BLI five pointer arrays
are generated in subroutine PAGEN, whereas for PTI only one pointer array
is generated in subroutine PAGEN; (3) the controlling subroutine GW3D for
BLI contains more variables than for PTI; and (4) the subroutine DATAIN
for BLI needs to read additional data about subregional information,

vhereas that for PTI does not need to read those data.

To refresh our memory, we restate the governing equation and initial

and boundary conditions that 3DFEMWATER is designed to solve:

governing Equation

F %E - V(KK .(%h + ¥2)] + q , (85)



vhere h is the pressure head, t is time, K; is the saturated hydraulic
conductivity tensor, Ky is the relative hydraulic conductivity or relative
permeability, z is the potential head, q is the source and/or sink, and F

is the water capacity given by
F = d8/dh (86)

after we have neglected the compressibility of the water and media. 1In

Eq. (86) # is the moisture content.

Ioicicl Copnditions
he= hi(x,y.z) in R, (87)

where R is the region of interest and hy 1is the prescribed initial
condition, which can be defined or obtained by solving the steady state

version of Eq. (85).

Boundary Conditions

Dirichlet Conditions:

h = hd(xb,yb,zb,c) on Bd . (88)
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Neumann Conditions:

- n'K;Kr'Vh - qn(xb,yb,zb.t) on B . (89)

Cauchy Conditions:

-n'(R;Kr'Vh + R;Kr'Vz) - qc(xb,yb,zb,t) on Bc . (90)

Variable Conditions - During Precipitation Period:

h - hp(xb.yb.zb.t) onB (91a)

or
-n'(R;Kr'Vh + R;Kr'Vz)’- qp(xb,yb,zb,t) on Bv . (91b)

Variable Conditions - During Nonprecipitation Period:

h = hp(xb.yb,zb.C) on Bv . (91c)

or
h = hm(xb.yb.zb.c) onB_, (91d)

or
-n'K;Kr'(Vh +Vz) = qe(xb,yb,zb,t) on Bv . (91e)

where (Xp,yp,2h) 1s the spatial coordinate on the boundary; n is an
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cutward unit vector normal to the boundary; hg, qn, and q. are the
prescribed Dirichlet functional value, Neumann flux, and Cauchy flux,
respectively; B4, B,., and B, are the Dirichlet, Neumann, and Cauchy
boundary, respectively; B, is the variable boundary; hp is the allowed
ponding depth and qp is the throughfall of precipitation, respectively, on
the variable boundary; hg is the allowed minimum pressure on the variable
boundary; and qg is the allowed maximum evaporation rate on the variable
boundary, which is the potential evaporation. Only one of Eqs. (9la)

through (9le) is used at any point on the variable boundary at any one

time.

4.2 Program Structure
The description in this section is for the computer code that employs
the subregional block iteration method (BLI). Whenever the description is

not valid for the code that uses the point iteration method (PTI), it is

noted.

3DFEMWATER consists of a MAIN program, a section ot BLOCK DATA for
specifying the size of array dimensions, and 22 <¢vhrovtines for Code BLI
or 21 subroutines for Code PTI. The MAIN is used to specify the sizes of
all arrays. The control and coordinate activity are performed by the
subroutine GW3D. Figure 5 shows the structure of the program. The

functions of these subroutines are descrihbed below.
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Fig. . Program structure of 3DFEMWATER
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Subroutipe GW3D

The subroutine GW3D controis the entire sequence of operations, a
function generally performed by the MAIN program. It is, however,
preferable to keep a short MAIN and several subroutit:es vith variable
storage allocation. This makes it possible to place most of the FORTRAN

deck on a permanent file and to deal with a site-specific problem without

making changes in array dimensions throughout ali subroutines.

The subroutine GW3D will perform either the steady state computation
alone (KSS = 0 and NTI = 0), or a transient state computation using the
steady-state solution as the initial conditions (KSS = 0, NTI > 0), or a
transient computation using user-supplied initial conditions (KSS = 1, NTI

> 0). The flow chart of this subroutine is given in Fig. 6.

GW3D calls to subroutine DATAIN to read and print input data;
subroutine PAGEN to generate pointer arrays; subroutine INTERP to obtain
sources/sinks and boundary values; subroutine SPROP to obtain the relative
hydraulic conductivity, water capacity, and moisture content from the
pressure head; subroutine VELT to compute Darcy’s velocity; subroutine
BCPREP to determine if a change of boundary conditions 1is required;
subroutine ASEMBL to assemble the element matrices over all elements;
subroutine BC to implement the boundary conditions; subroutine BLKITR to
form and solve the subregional block matrix equations for BLI or

subroutine PISS to solve the matrix equation for PTI; subroutine SFLOW to
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ORNL-DWG $7-9567

READ NPROB, TITLEL.
IGEOM, IBUG, ICHNG

YES
Nm - 0 m

<)

DO PREINITIAL OR INITIAL COMPUTATIONS
BY CALLING
INTERP, SPROP, VELT, SFLOW

y

PRINT AND STORE INITIAL CONOITIONS
BY CALLING
PRINTT AND STORE

TRANSENT
COMPUTATION

STEADY STATE AND'OR
et TRANSIENT STATE
COMPUTATION

Fig. 6. Flow chart of subroutine GW3D
(the first of three parts).
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Fig. 6. Flow chart of subroutine GW3D
(the second of three parts).
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calculate flux through all types of boundaries and water accumulated in
the media; subroutine PRINTT to print out the results; and subroutine
STORE to stere the flow variables for input to a 3DFEMVASTE or for

plotting (Fig. 5).

Subroutjine DATAIN

Subroutine DATAIN reads all data input described in Sect. 5.3 except
the card group 1. It also prints all the input information, and calls
subroutine SURF to identify the surface elements and boundary nodes and
subroutines READR and READN, respectively, to automatically generate real

and integer numbers.

Subroutine SURF

Subroutine SURF identifies the boundary sides, sequences the boundary
nodes, and computes the directional cosine of the surface sides. The
mappings from boundary nodes to global nodes are stored in NPBB(I) (where
NPBB(I) is the global node number of i-th boundary node). The boundary
node numbers of the four nodes for each boundary side are stored in
ISB(1,J) (where 1SB(I,J) is the boundary node number of I-th node of J-th
side, I = 1 to 4). There are six sides for each element. Which of these
six sides is the boundary side 1is determined automatically in the
subroutine SURF and is stored in ISB(5,J). The global element number, to
which the J-th boundary side belongs, 1is also preprocessed in the
subroutine SURF and {s stored in ISB(6,J)}. The directional cosines of the

J-th boundary side are computed and stored in DCOSB(I,J) (where DCOSB(I,bJ)



55 ORNL-6386

is the directional cosine of the J-th surface with I-th coordinate, I ~ 1
to 3). The information contained in NPBB, ISB, and DOSB, along with the
number of boundary nodes and the number of boundary sides is returmed to

subroutine DATAIN for other users.

Subroutine READR
This subroutine is called by the subroutine DATAIN to generate real
numbers for data sets 7, l4(e), and 14(f) of Sect. 5.3. Automatic

generation of regularly patterned data is built into this subroutine.

Subroutine READN
This subroutine is aiso called by the subroutine DATAIN to generate
integer data sects 8, 9, 12(c), 12(f), 14(b) through 14(d), 15(c), 16(b),

16(c), 17(b), and 17(c) of Sect. S5.3.

Subroutine PAGEN

This subroutine is called by the controlling subroutine GW3D to
preprocess pointer arrays that are needed to store the global matrix in
compressed form and to construct the subregional block matrices. The
pointer arrays automatically generated in this subroutine include the
global node connectivity (stencil) GNOJCN(J,N), regional node connectivity
LNOJCN(J,I ,K), total node number for each subregion NINPLR(K), bandwidth
indicator for each subregion IMAXDF(K), and partial fill-up for the
mapping array between global node number and local subregion node number

GNPLR(I,k) with I = NNPLR(K) + 1 to NTNPLR(K). Here GNOJCN(J,N) is the
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global node number of J-th node connected to the globa. node N;
LNOJN(J,I,K) is the local node number of J-th node connected to the local
node I in K-th subregion; NTNPLR(K) is the total number of nodes in the
K-th subregion, including the interior nodes, the global boundary nodes,
and intra-boundary nodes; LMAXDF(K) is the maximum difference between any
two nodes of any element in K-th subregion; and GNPLR(I,K) is the global
node number of I-th local-region node in the K-th subregion. These
pointer arrays are generated based on the element connectivity IE(M,J),
the number of node for each subregion NNPLR(K), and the mapping between
global node and local-region node GNLR(I,K) with I = 1, NNPLR(K). Here
1E(M,J) is the global node number of J-th node of element M; NNPLR(K) is
the nunber of nodes in the K-th subregion including the interior nodes and

the global boundary nodes but not the intraboundary nodes.

Subroutine INTERP

This subroutine is called by the subroutine GW3D to compute the
functional values (such as the Dirichlet total head, element source/sink,
point source/sink, Neumann fluxes, Cauchy fluxes, and rainfall) at a
particular time for all profiles. It uses the linear interpolation of the

tabular data.

Subroutine SPROP
This subroutire calculates the values of moisture content, relative

hydraulic conductivity, and the water capacity. Analytical functions are
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used. Thus, the users must supply the functional form.

Subroutine VELT

This subroutine calls Q8NV to evaluate the element matrices and the
derivatives of the total head. It then sums over .ll element matrices to
form a matrix equation governing the velocity components at all nodal
points. To save computational time, the matrix is diagonalized by
lumping. The velocity components can thus be solved point by point. The
computed velocity field is then returned to GW3D through the argument.
This velocity field is also passed to subroutine BCPREP to evaluate the

Darcy flux across the seepage-infiltration-evapotranspiration surfaces.

Subroutine Q8DV
Subroutine Q8DV 1is called by the subroutine VELT to compute the

element matrices given by

QB(1,J) -I N:Ne R, (92a)
R
e

where N, and N; are the basis functions for nodal point { and j of element

e, respectively. Subroutine Q8DV also evaluates the element load vector:

e . e
QRX(I) =~ - I "11'“}Kr (VN)))H

]
R
e

' 2
de (92b)
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¢ { ] e
QRY(I) = - J uij'xsxr.(vnj)njda , (92¢)
R
e
e . e
QRZ(I) = - I "1’”(3'(: (VNj)deR , (92d)
R

where

H, = the total head at ncdal point j,

= the unit vector along the x-coordinate,
= the unit vector along the y-coordinate,

the unit vecicor along the z-coordinate,

WOW e e
]

= the saturated rydraulic coaductivity tensor,

=
]

the relative hydraulic conductivity.

Subroutine BCPREP

This subroutine is called by GW3D to prepare the infiltration-
seepage bouncary conditions during a rainfall period or the seepage-
evapotranspiration boundary conditions during non-rainfall periods. It
decides the number of nodal points on the variable boundary to be
considered as Dirichlet or Cauchy points. It computes the number of
points that change boundary conditions from ponding depth (Dirichlet
types) to infiltration (Cauchy types), or from infiltration to ponding
depth, or from minimum pressure (Dirichlet types) to infiltration during
rainfall periods. It aiso computes the number of points that change

boundary conditions from potential evapotranspiration (Cauchy types) to



59 ORNL-6386

minimur pressure, or from ponding depth to potential evapotranspiration,
or from minimum pressure to potential evapotranspiration during non-
rainfall periods. Upon completion, this subroutine returns the Darcy flux
(DCYF1X), infiltration/potential evapotranspiration rate (FLX), the
ponding depth nodal index (NPCON), the flux-type nodal index (NPFLX), the
minimum pressure nodal index (NPMIN), and the number of nodal points

(NCHG) that have changed boundary conditions.

Subroutine ASEMBL
This subroutine calls Q8 to evaluate the element matrices. It then

sums over all element matrices to form a global matrix equation governing

the pressure head at all nodes.

Subroutine 08

This subroutine is called by the subroutine ASEMBL to compute the

element matrix given by

GA(L, ) -I N:F dea , (93a)
R
e
o L . . e
QB(:.J) = j (WN]) KK - (W]) &R , (93b)
R
[ ]

where F is the soil property function. Subroutine Q8 also calculates the

element load vector given by
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RQ(I)-I ((W]) KK (Vz) - Niq] & , (93¢)
R

vhere q is the source/sink.

Subroutine BASE
This subroutine is called by subroutines Q8DV and Q8 to evaluate the
value of the base function at a Gaussian point. The computation is

straightforward.

Subroutine BC

This subroutine incorporates Dirichlet, Cauchy, Neumann, and variable
boundary conditioms. For a Dirichlet boundary condition, an identity
algebraic equation is generated for each Dirichlet nodal point. Any other
equation having this nodal variable is modified accordingly to simplify
the computation. For ¢ Cauchy surface, the integration of the surface
source is obtained by calling the subroutine Q4S, and the result is added
to the load vector. For a Neumann surface, the integrations of both the
gradient and gravity fluxes are obtained by calling the subroutine Q4S.
These fluxes are added to the load vector. The subroutine BC also
implements the variable boundary conditions. First, it checks all
infiltration-evapotranspiration-seepage points, identifying ary of them
that are Dirichlet points. If there are Dirichlet points, the method of
incorporating Dirichlet boundary conditions mentioned above is used. If a

given point is not the Dirichlet point, the point is bypassed. Second, it



61 ORNL-6386

checks all rainfall-evaporation-seepage points again to see 1f any of them
is a Cauchy point. If it is a Cauchy point, then the computed flux by
infiltration or potential evapotranspiration is added to the load vector.
If a given point is not a Cauchy point, it is bypassed. Because the
infiltration-evaporation-seepage points are either Dirichlet or Cauchy

points, all points are taken care of in this manner.

Subroutine Q4§
This subroutine is called by the subroutines BC and SFLOW to compute

the surface node flux of the type

RQ(I) -I Niq dB , (94)

R
e

where q 1s either the Cauchy flux, Neumann flux, or gravity flux.

Subroutine BIKITR

This subroutine is called by the subroutine GW3D to solve the matrix
equation with block iteration methods. For each subregion, a block matrix
equation 18 constructed based on the global matrix equation and two
pointer arrays GNPLR and LNOJCN (see subroutine PAGEN), and the resulting
block matrix equation is solved with the direct band matrix solver by
calling subroutine SOLVE. This 1is done for all subregions for each
iteration until a convergent solution 1is obtained. This subroutine and
the subroutine SOLVE, to be described in the next paragraph, are needed

only for the code BLI.
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Subroutine SOLVE
This subroutine is called by the subroutine BLKITR to solve for the

marrix equation of the type

[Cl(x} = (¥}, (95)

vhere [C] is the coefficient matrix and {x)} and (y) are two vectors. (x)
is the unknown to be solved, and (y) is the known load vector. The
computer returns che solution (y) and stores it in {y). The computation

is a standard banded Gaussian direct elimination procedure.

Subroutipe PISS
This subroutine is called by the subroutine GW3D to solve the matrix

equation with point iteration methods. This subroutine is needed only for

the code PTI.

Subroutine PRINTT
This subroutine is used to line-print the flow variables. These
include the fluxes through varisble boundary surfaces, the pressure head,

total head, moisture content, and Darcy’s velocity components.

Subroutine STORE

This subroutine is used to store the flow variables on Logical Unit
1. It is intended for use with a subsequent computer model 3DFEMWASTE, or
for plotting. The information stored includes region geometry, subregion

data, and hydrological variables such as pressure head, tal head,
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moisture content, and Darcy’s velocity components.

sSubroutine SFLOW

This subroutine is used to compute the fluxes through various types

of boundaries and the increasing rate of water content in the region of

interest.

boundary enclosing the region of interest.

The function of FRATE(7) is to store the flux through the whole

It is given by

FRATE(7) = J (Vx'nx ¥ Vyny + Vznz) dB , (96)

where B is the global boundary of the region of interest; Vg, Vy. and V,

are Darcy’'s velocity components;

and ny, ny, and n; are the directional

cosines of the outward unit vector normal to the boundary B. FRATE(l)

through FRATE(5) store the flux through Dirichlet boundary Bp, Cauchy

boundary B;, Neumann boundary By, the seepage/evapotranspiration boundary

Bg, and infiltration boundary By, respectively, and are given by

X X

TE(l) = v v
FRATE(1) I (Vn + y“y

Bp

X X

FRATE(2) = v v
(2) I (Vn + yny

B¢

FRATE(3) = v v
3) I (Vn_ + yny

X X

By

+ Vznz) dB , (97a)
+ Vznz) dB , (97b)
+ Vz“z) dB , (97¢)
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FRATE (&) -I (Vn + v, o+ v,n) dB, (974d)
Bs

FRATE(S) -I (Von + Voo, o+ v,n) db . (97e)
Bg

FRATE(6), which is related to the numerical loss, is given by

5
FRATE(6) = FRATE(7) - Z FRATE(I) . (98)
I-1

FRATE(8) and FRATE(Y) are used to store the source/sink and

increased rate of water within the media, respectively:

FRATE(8) = - I q dR , (99)
R
and
FRATE(9) = I F %2 dR . (100)
R

If there is no numerical error in the computation, the following equation

should be satisfied:

FRATE(9) = - [FRATE(7) + FRATE(8)] , (101)
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and FRATE(6) should be equal to zero. Equation (98) simply states that
th: negative rate of water going out from the region through the emntire
boundary and due to a source/sink is equal to the rate of water

accumulated in the region.

Subroutine Q8TH

This subroutine is used to compute the contribution of the increasing
rate of the water content from an element e

2h 4p

QTHP - ac . (102)

7 Cenammy
&R

The computation of the above integration is straightforward.
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5. USER’S MANUAL

The following describes what one should do about 3DFEMWATER code for

each site-specific application and how data input should be prepared.

5.1 Specifications of Array Dimensions

The subscripted variable arrays have to be dimensioned for each site-
specific problem in the MAIN program (see example problems). Seventy-
eight (78) array variables contained between lines MAIN 130 and MAIN 305
in the source code (Appendix A) should be dimensioned according to the
indicated subscripts (a total of 35). The listing and definitions of
these parameter<s and their associated subscripts (maximum-control numbers)

are given below:

Node C T 0 \'4
X(MAXNP), Y(MAXNP), Z(MAXNP), IE(MAXEL,9);

MAXEL = maximum number of elements,
MAXNP = maximum number of nodes;

X(NP) = x-ccordinate of NP-th nodal point,
Y(NP) = y-coordinate of NP-th nodal point,
Z(NP) = z-coordinate of NP-th nodal point,

IE(M,I) = global node number of the I-th node of the M-th element
if I is between 1 and 8, integer to indicate the
material type of the M-th element if I is equal to 9.

t '/ o
CMATRX(MAXNP ,JBAND), GNOJCN(JBAND 6 MAXNP), RLD(MA¥NP), RI(MAXNP),
RL(MAXNP) ;

JBAND =~ maximum number of nonzero elements in any row of the
matrix;

CMATRIX(NP,1) = an array to store the assembled global matrix,
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RL(NP)
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global node number of I-th node connected to node NP,

an

array to store the assembled global load vector,

pressure head iterate in subroutine BLKITR,
a working array to contain final solution for the
pressure head in subroutine BLKITR.

Arrays for Subregions (These arrays are not needed for Code PTI)

NTNPLR(MXREGN), IMAXDF(MXREGN), NNPLR(MXREGN),
GNLR(LTMXNP MXREGN) , LNOJCN(JBAND, LMXNP MXREGN),
CMTRXL(LMXNP,ILMXBW) , RLDL(LMXNP) ;

MXREGN
LTMXNP

LMXBW

NTNPLR (K)
IMAXDF (K)
NNPLR (K)
GNIR(1,K)
LNOJCN(J,I,K)

CMTRXL(NP,I)
RLDL(NP)

for Hvdrologic

maximum number of subregions,

maximum number of total nodal points in any subregion,
including interior nodes, global boundary nodes, and
intraboundary nodes,

maximum number of the bandwidth in any subregion;

total number of nodes for K-th subregion including
incerior and global boundary and intra-boundary nodes,
maximum difference between any two nodes of any
element in K-th subregion,

number of interior nodes for K-th subregion, including
global boundary nodes,

global nodal number of I-th local nodal number for
K-th subregion,

local node number of J-th connecting node surrounding
1-th local node for K-th subregion,

assembled matrix for a subregion,

assembled load vector for a subregion.

Va S [} V

H(MAXNP), HP(MAXNP), HW(MAXNP), HT(MAXNP),
VX (MAXNP), VY(MAXNP), VZ(MAXNP),
TH(8 ,MAXEL), DTH(8 ,6MAXEL), AKR(8,MAXEL)

NPCNV (MAXNP) ;
H(NP) = pressure head at NP-th node,
HP(NP) = pressure head of NP-th node at previous time,
HW(NP) = nonlinear pressure head iterate of NP-th node,
HT(NP) = total head of NP-th node,
VX(NP) = x-component velocity at NP-th node,
VY(NP) = y-component velocity at NP-th node,
VZ(NP) = z-component velocity at NP-th node,
TH(I,M) = water content at I-th gaussian point of M-th element,
DTH(I ,M) = dTH/dH = water capacity of I-th gaussian point of
M-th element,
AKR(I ,M) - relative hydraulic conductivity at I-th gaussian
point of M-th element,
NPCNV (NP} ~ nodal point of NP-th nonconvergent node.
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Arrays for Boundary Surfaces

DCOSB(3,MAXBES), ISB(6,MAXBES), NPBB(MAXBNP),
BFLX(MAXBNP) , BFLXP(MAXBNP);

MAXBES = maximum number of boundary-element surfaces,

MAXBNP = maximum number of boundary nodal points;
DCOSB(1,I) = x-directional cosine of I-th boundary element surface,
DCOSB(2,I) = y-directional cosine of I-th boundary element surface,
DCOSB(3,1I) = z-directional cosine of I-th boundary element surface,
ISB(1,I) = boundary node number of the first node of I-th
boundary element surface,
ISB(2,I) = boundary node number of the second node of I-th
boundary element surface,
ISB(3,I) = boundary node number of the third node of I-th
boundary element surface,
ISB(4,1I) =~ boundary node number of the fourth node of I-th
boundary element surface,
ISB(5,I) = element side index of I-th boundary element surface,
1 = left side, 2 = front side, 3 = right side,
4 = back side, 5 = bottom side, 6 = top side,
ISB(6,1) = element number to which the I-th boundary
element-surface belongs,
NPBB(I) = global node number of I-th boundary node,
BFLX(I) = boundary flux at I-th boundary node,
BFLXP(I) = boundary flux at previous time of I-th boundary node.
Ar or Element (Djistributed) and W Point) Sources S

SOS (MXSPR), SOSF(MXSDP,MXSPR), TSOSF(MXSDP,MXSPR),
ISTYP(MXSEL), MSEL(MXSEL),

"ISS (MXWPR) , WSSF(MXWDP MXWPR), TWSSF(MXWDP,MXWPR),
IWTYP(MXWNP), NPW(MXWNP);

MXSEL
MXSPR
MXSDP

M>WNP
MXWPR
MXWDP

SOS(1)
SOSF(I,J)

TSOSF(1,J)

MSEL(M)
ISTYP(M)
WSS(1)
WSSF(I.,J)

maximum number of source elements,

maximum number of source profiles,

maximum number of data points on each well source/sink
profile,

maximum number of well nodal points,

maximum number of well source/sink profiles,

maximum number of data points on each well source/sink
profile;

value of I-th element source/sink profile,

source/sink strength of I-th data point in J-th
element source/sink strength vs time profile,

time of I-th data point in J-th element

source/sink strength vs time profile,

element number of M-th source/sink element,

source/sink type assigned to M-th source/sink element,
value of [-th well source/sink profile at present time,
source/sink strength of [-th data point in J-th
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well source/sink strength vs time profile,
TWSSF(I.J) = time of I-th data point in J-th well
source/sink strength vs time profile,
NPM(N) = global node nurber of N-th source/sink well,
IWTYP(N) = source/sink “ype assigned to N-th source/sink well.

Arrays for Cauc Bounda Conditions

QCB(MXCPR), QCBF(MXCDP,MXCPR), TQCBF(MXCDP,MXCPR),
ICTYP{MXCES), ISC(5,MXCES), NPCB(MXCNP);

MXCNP = maximum number of Cauchy nodal points,

MXCES =~ maximum number of Cauchy element surfaces,

MICPR = maximum number of Cauchy-flux profiles,

MXCDP ~ maximum number of data points on each
Cauchy-flux profile;

QCB(I) =~ value of I-th Cauchy flux profile at the present time,
QCBF(I1,J) = flux of I-th data point in J-th Cauchy flux vs time
profile,
TQCBF(I,J) = time of I-th data point in J-th Cauchy flux vs time
profile,
ICTYP(MP) = type of Cauchy flux vs time profile assigned to MP-th
Ciuchy boundary surface,
NPCB(NP) = global node number of NP-th Cauchy node for inputting,
then is changed to contain boundary node number,
ISC(1,MP) - global node number of the first node of MP-th Cauchy
boundary surface,
1SC(2,MP) = global node number of the second node of MP-th Cauchy
boundary surface,
ISC(3,MP) = global node number of the third node of MP-th Cauchy
boundary surface,
ISC(4,MP) = global node number of the fourth node of MP-th Cauchy
boundary surface,
1SC(5,MP) = boundary side number of MP-th Cauchy boundary surface,

for Neuma (43 0 o

QNB(MXNPR), QNBF(MXNDP ,MXNPR), TQNBF(MXNDP MXNPR),
INTYP(MXNES), ISN(5,MXNES), NPNB(MXNNP);

MXNNP =~ maximum number of Neumann nodal points,

MXNES ~ maximum number of Neumann element surfaces,

MXNPR ~ maximum number of Neumann-flux profiles,

MYNDP - maximum number of data points on each
Neumann- flux profile;

QNB(T)
ONBF(T,J)

value of I-th Neumann flux profile at present time,
flux of I-cth data point in J-th Neumann flux vs time
profliie,

time of [-th data point in J-th Neumann flux vs time
profile,

TONBF(T,J)



INTYP(MP)
NPNB(NP)
ISN(1,MP)
ISN(2,MP)
ISN(3 ,MP)
ISN(4,MP)

ISN(5,MP)
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type of Neumann flux vs time profile assigned to

MP-th Neumann boundary surface,

global node number of NP-th Neumann node for inputting,
then is changed to contain boundary node number,

global node rumber of the first node of MP-th Neumann
boundary surface,

global node number of the second node of MP-th Neumann
boundary surface,

global node number of the third node of MP-th Neumann
boundary surface,

global node number of the fourth node of MP-th Neumann
boundary surface,

boundary side number of MP-th Neumann boundary surface.

Arrays for Variable Boundary Conditions

RFALL(MXRFR), RF(MXRDP MXRPR), TRF(MXRDP,MXRPR),
IRTYP(MXVES), ISV(5,MXVES), NPVB(MXVNP),
DCYFLX(MXVNP), FLX(MXVNP), HCON(MXVNP), HMIN(MXVNP),
NPFLX (MXVNP), NPCON(MXVNP), NPMIN(MXVNP);

MXVES
MXVNP
MXRPR
MXRDP

RFALL(I)
TRF(I,J)

RF(1,J)

IRTYP(MP)

ISV(1,MP)

ISV(2,MP)

ISV(3,MP)

ISV (4 ,MP)

ISV(5,MP)

maximum number of variable element surfaces,

maximum number of variable nodal points,

maximum number of rainfall profiles,

maximum number of data point on e ~h rainfall profile;

value of 1-th rainfall via time profile at present time,
time of I-th dava point on J-th rainfall vs time
profile

rainfall value of 1-th data point on J-th rainfall vs
time profile,

type of rainfall profile assigned to MP-th variable

boundary surface,

global node number of the first node of the MP-th
variable element surface for inputting, then is
changed to contain compressed variable boundary
node number,

global node number of the second node of the MP-th
variable element surface for inputting, then {s
changed to contain compresced variable boundary
node nuaber,

global node number of the third node of the MP-th
variable element surface for inputting, then is
changed to contain compressed variable boundary
node number,

global node number of the fourth node of the MP-th
variable element surface for inputting, then is
changed to contain compressed variable boundary
node number,

boundary side number of the MP-th var{able element
surface,



ORNL-6386

72

NPVB(NP) = global node number of the NP-th variable boundary
node for inputting, ther is changed to contain
boundary node number,

DCYFLX(NP) = Darcy flux through the NP-th variable boundary node,
FLX(NP) = rainfall rate through the NP-th variable boundary node,

HCON(NP) = ponding depth allowed for the LP-th variable boundary
node,

HMIN(NP) - minimum pressu:-e head allowed for the NP-th
variable boundary node,

NPFLX(NP) = Cauchy boundary condition indicator for the NP-th
variable node,

NPCON(NP) = ponding depth Dirichlet boundary condition indicator
for the NP-th variable node,

NPMIN(NP) = minimum pressure head Dirichlet boundary condition
indicator for the NP-th variable boundary node.

Arrays for Dirichlet Boundary Condjtions

HDB(MXDPR), HDBF(MXDDP ,MXDPR), THDBF(MXDDP,MXDPR),
IDTYP(MXDNP) , NPDB(MXDNP);

MXDNP
MXDPR
MXDDP

HDB(I)
HDBF(1,J)
THDBF(1,J)
IDTYP(NP)

NPDB (NP)

maximum number of Dirichlet nodal points,
maximum number of Dirichlet total head profiles,
maximum number of data points on each Dirichlet profile;

value of total head at the present time of I-th total
head vs time profile for Dirichlet boundary,

total head of I-th data point in J-th Dirichlet total
head vs time profile,

time of I-th data point in J-th Dirichlet total head
vs time profile,

type of Dirichlet total head vs time profile
assigned to NP-th Dirichlet node,

global node number of NP-th Dirichlet node for

inputting, then is changed to contain boundary node
number.

Arrays for Material Property Arrxay and Materjaj Characteristics
PROP(MXMPPM ,MAXMAT), THPROP(MXSPPM,MAXMAT), AKPROP(MXSPPM,MAXMAT);

MAXMAT
MXSPPM

MXMPPM

PROP(J,T)
J =1
J =2
J =3

.

maximum number of material types (medium formations),
maximum number of soil parameters per material to
describe soil characteristic curves,

maximum number of material properties per material;

J-th material property of I-th materials,

saturated x-hydraulic conductivity or permeability,
saturated y-hydraulic conductivity or permeability,
saturated z-hydraulic conductivity or permeabflity,
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J = 4 = saturated xy-hydraulic conductivity or permeability,
J = 5 = saturated xz-hydraulic conductivity or permeability,
J = 6 = saturated yz-hydraulic conductivity or permeability,
THPROP(J,I) = .J-th parameter to describe the moisture content as
function of pressure head for I-th material,
AKPROP(J,I) = J-th parameter to describe the relative hydraulic
conductivity as a function of pressure head
for I-th material.
r or OQutput Contro Time Ste e Change

KPR(MAXNTI), KDSK(MAXNTI), TDTCH{MXNDTC);

MAXNTI = maximum number of time steps,
HXNDTC = maximum number of DELT chang:s;

KPR(I) = line print control for I-th time step,
KDSK(I) = disk storage control for I-th time step,
| TDTCH(I) -~ time of I-th time to reset time step size = DELTO.

arrays can be computed as

Real Storage = [(13 + JBAND)*MAXNP] + (24*MAXEL)
+ (3*MAXBES + 2*MAXBNP) + ((1 + LMXBW)*LMXNP]
[(L + 2*MXSDP)*MXSPR] + [(1 + 2*MXWDP)*MXWPR]

+

+ [(1 + 2*MXCDP)*MXCPR] + [(1 + 2*MXNDP)*MXNPR]
+ [(1 + 2*MXRDP)*MXRPR + 4*MXVNP] + [(1 + 2*MXDDP)*MXDPR]
+

The certral process unit (CPU) memory requirements in words f.r all
‘
’ [ (MXMPPM + 2*MXSPPM)*MAXMAT] , (103)

Integer Storage = [(1 + JBAND)*MAXNP] + (9*MAXEL) + (6*MAXBES + MAXBNP)

+ [(JBAND*LMXNP + LTMXNP) + 3]*MXREGN
v [(2*MXSEL) + (2%MXWNP)] + (6*MXCES + MXCNP)
+ (6*MXNES + MXNNP) + (6*MXVES + 4*MXVNP)

+

(2%MXDNP) + (2*MAXNTI + MXIDTC) . (104)
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The subscripts (maximum-control numbers) of the above 78 arrays should
be specified in the BLOCK DATA in the source program. One should always
assigr. correct numbers to these subscripts so that the program can
function properly. If the program fails to function, it is most likely
because either the arrays mentioned above are not properly dimensioned or
the numbers assigned in the BLOCK DATA to these specification numbers of
the arrays are not correct. In the following, we demonstrate how to
dimension the above 78 arrays in the MAIN and how to specify the maximum-

control numbers in the BLOCK DATA with an example.

Let us assume that a region of interest is discretized by 30 x 20 x
10 nodes and 29 x 19 x 9 elements. In other words, we are discretizing
the region with 30 nodes along the longitudinal or x-direction, 20 nodes
along the lateral or y-direction, and 10 nodes along the vertical or z-

direction. Since we have a total of 30 x 20 x 10 = 60,00 nodes, the

maximur number of nodes is MAXNP = 6000. The total number of elements 1is
29 x 19 x 9 = 4,959, {.e, MAXEL = 4959. For this simple discretization

problem, the maximum connecting number tc any of the 6,000 nodes in the
region of interest is 27, {.e., JBAND = 27. There will be 29 x 19 = 551
elemert surfaces each on the bottom and top faces of the region, 29 x 9 =
261 element-surfaces each on the front and back faces of the region, and
19 x 9 = 171 elenent-surfaces each on the left and right faces of the
region. Thus, there will be a total of 1966 elemeni-surfaces, {.e.,

MAXBES = 1966. Similarly, we can compute the surface-boundary nodes to be

1968, 1{.e., MAXBNP = 1968. With these maximum-control numbers specified,
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the arrays related to the global region, global boundary, and hydrologic

vari{ables can be dimensioned as

DIMENSION X(6000),Y(6000),2(6000),1E(4959,9)

DIMENSION CMATRX(6000,27),GNOJCN(27,60000),RLD(6000),
DIMENSION RI(6000),RL(6000)

DIMENSION H(6000) ,HP(6000) ,HW(6000),HT(6000),

DIMENSION VX(6000),VY(6000),VZ(6000)

DIMENSION TH(8,4959),DTH(8,4959),AKR(8,4959) ,NPCNV(6000)
DIMENSION DCOSB(3,1966),ISB(6,1966),NPBB(1968),
DIMENSION BFLX(1968),BFLXP(1968)

In order to dimension the pointer arrays and the subregion data, we
have to know how the region of interest 1s subdivided into subregions.
Let us assume we have subdivided the region of interest into 20
subregions, each subregion has 30 x 10 nodes. It is seen, in fact, we =re
taking a vertical slice as a subregion. For this subregionalization, we
have MXREGN = 20. Each subregion has 30 x 10 = 300 nodes, resulting LMXNP
= 300. It is also seen that there will be 600 intraboundary nodes, 300
nodes each on the two neighboring slices of a rubregion. Thus, we have
LIMXNP = 900. For each subregion, the maximum bandwidth can be computed
as IMXBW =~ 23 if the nodes are labelled along the 2z-directions

consecutively. From these discussions, we can dimension the following

arrays as

DIMENSION NTNPLR(20),NNPLR(20),LMAXDF(20)
DIMENSION GNLR(900,20),LNOJCN(27,300,20)
DIMENSION CMTRXL(300,23),RLDL(300)

We will assume that there will be 2 maximum of 11 elements that have
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the distributed sources/sinks (i.e., MXSEL = 1]1) and a maximum of 10 nodal
points that can be considered as well sources/sinks (i.e. MXWNP = 10). We
will also assume that there will be three different distributed
source/sink profiles and five distinct point source/sink profiles. Then
we will have MXSPR = 3 and MXWPR = 5. Let us further assume that four
data points are needed to describe the distributed source/sink profiles as
a function of time and that 8 data points are required to described point
source/sink profiles (i.e., MXSDP = 4 and MXWDP = 8). With these

assumptions, we can now dimension the arrays related to source/sink

conditions

DIMENSION SOS(3),SOSF(4,3),TSOSF(4,3),ISTYP(11) ,MSEL(11)
DIMENSION WSS(5),WSSF(8,5),TWSSF(8,5), IWTYP(10),NPW(10)

To specify arrays for boundary conditions, let us assume that the top
face is a variable boundary (i.e., on the air-soil interface, either
ponding, infiltration, or evapotranspiration may take place). On the left
face, fluxes from the adjacent aquifer are known. On the right face, the
totgal head is assumed known. On the bottom face, natural drainage is

assumed to occur (i.e., the p-adient of the pressure head can be assumed

zero).

There are 20 x 10 « 200 nodes on the left face and 19 x 9 ~ 171
element surfaces; thus MXCNP = 200 and MXCES = 171. It is further assumed
that there two different fluxes going into the region through the left
face and that each flux can bs described by four data points as a function

of time (1i.e., MXCPR = 2, and MXCDP = &). The Cauchy boundary condition
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arrays can be dimensioned as

DIMENSION QCB(2),QCBF{4,2) ,TQCBF(4,2)
DIMENSION ICTYP(171),ISC(5,171), NPCB(200)

On the bottom surface, there are 30 x 20 = €00 nodes and 29 x 19 =
551 surface elements. Since the gradient of pressure head on the bottom
surface is zero, there is only one Neumann flux profile, and two data
points, one at zero time and the other at infinite time, are sufficient to
describe the constant value of zero. Hence, we have MXNNP = 600, MXNES =

551, MXNPR = 1, and MXNDP = 2:'and the Neumann boundary condition arrays

can be dimensioned as

DIMENSION QNB(1),QNBF(2,1),TQNBF(2,1)
DIMENSION INTYP(551),ISN(S5,551),NPNB(600)

On the top face, there will be 30 x 20 = 600 nodes and 29 x 19 = 551
surface elements. Let us assume that there are three different rainfall
intensities that might be fall on the air-soil interface, and that each
rainfall intensity {s a function of time and can be described by 24 data
points. VWith these descriptions, we have MXUNP = 670, MXVES = 551, MXRPR

=_3, and MXRDP = 24; and the variable boundary condition arrays can be

specified as

DIMENSION RFALL(3),RF(24,3),TRF(24,3)

DIMENSION IRTYP(551),ISV(5,551),NPVB(600)
DIMENSION DCYFLX(600),FLX(600) ,HCON(600),HMIN(600)
DIMENSION NPFLX(600) ,NPCON(600),NPMIN(600)

On the right face, there are 20 x 10 = 200 nodes. Let us assume that
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there are twenty different values of the total head, one each on a
vertical line of the right face. We further assume that each of these
twenty total head can be described by 8 data points as function of time.

We then have MXDNP = 200, MXDPR = 20, and MXDDP = 8; and the Dirichlet

boundary condition arrays can be dimensioned as
DIMENSION HDB{20),HDBF(8,20),THDBF(8,20),IDTYP(200),NPDB(200)

In this report, we have six material properties (six saturated
hydraulic conductivity components) per material. .. will assume that the
whole region of interest s composed of three different kinds of
materials. The characteristic curves oi each material are assumed to be

described by four parameters. We then have MAXMAT = 3, MXMPPM - 6, and

MXSPPM = 4; and the material property arrays can be dimensioned as

DIMENSION PROP(6,3)
DIMENSION THPROP(4,3),AKPROP(4,3)

If we assume that we will make a 500 time step simulation and we will

reinitiate the change on the time step size for 20 times during our

simulation, then we have MAXNTI = 500 arnd MXNDTC = 20. With this

assumption, arrays related to time can be dimensioned as

DIMENSION KPR(500),KDSK(500),TDTCH(20)

Corresponding to the above dimension specifications, the following

data statements must be made in BLOCK DATA to specify the maximum-control

integers:
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DATA MAXEL,MAXNP,MAXBES ,MAXBNP , JBAND/4959,6000,1966,1968,27/
DATA MAXNTT ,MXNDTC/500,20/

DATA LTMXNP,LMXNP, LMXBW, MXREGN/900,300,23,20/

DATA MXSEL,MXSPR,MXSDP ,MXWNP ,MXWPR MXWDP/11,3,4,10,5,8/
DATA MXCNP,MXCES ,MXCPR,MXCDP/200,171,2,4/

DATA MXNNP,MXNES,MXNPR,MXNDP/600,551,1,2/

DATA MXVES ,MXVNP,MXRPR ,MXRDP/551,600, 3,24/

DATA MXDNP,MXKDPR,MXDDP/200,20,8/

DATA MAXMAT ,MXSPPM,MXMPPM/3,4,6/

5.2 Soil Function Specifications

Analytical functions are wused to describe the functional
relationships of water content, water capacity, and relative hydraulic
conductivity with pressure head. Therefore, the user must supply three
functions to compute the water content, water capacity, and relative
hydraulic conductivity based on the current value of pressure head. The
parameters needed to specify the functional form are read and stored in
THPROP and AKPROP. One example is shown in the subroutine SPROP between
lines SPRO 405 and SPRO 535 in Appendix A. In this example, the water
content, water capacity, and relative hydraulic conductivity are given by

(van Genuchten 1980):

§ - 8
_s I
§ -0 + - (105)
(1 + (ah)®]
gﬁ —atn - 1) (1 F6" (£ 0 -8 (106)

) , 1/2 o 2
K= [(8 - 6705 - 81777 (1 - (1 £8)"° (107)
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in which

1/m
£(8) - [(6 - 0r)/(0s - or)] . (108)

and

m=-1-n |, (109)

where a, m, and n are the parameters.

To further demonstrate how we should modify the subroutine SPROP in
Appendix A to accommodate the material property functions that are
different from those given by Eqs. (105) through (109), let us assume that
the following Fermi types of functions are used to represent the

unsaturated hydraulic properties (Yeh 1987):

§ =6 + (Ds - Or)/!l + exp[-a(h - ho)]) . (110)

dé/dh = a(ﬂs - ﬂr)exp[-a(h - ho)]/ll + exp[-a(h - ho)])z, (111)
and

2OSIO(Kr) = ¢/{1 + exp(-B(h - hk)l) -, (112)

where 6g, 6r, a, and hy are the parameters for computing the water content
and water capacity; and B, ¢, and hy are the parameters for computing the
relative hydraulic conductivity, Lines between SPRC 405 and SPRO 535 in

the subroutine SPROP in Appendix A may be changed, for this example, to

WCR=THPROP(1 ,MTYP)
WCS=THPROP(2 ,MTYP)
ALPHA=THPROP(3 MTYP)
HTHETA-THPROP (4 ,MTYP)
EPS-AKPROP(1 ,MTYP)
BETA=AKPROP (2 ,MTYP)
HSUBK=AKPROP(3 MTYP,
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DO 800 KG-~1,8

Cc
o SATURATED CONDITION
Cc
IF(HNP.GT.0.0) GO TO 700
TH(KG ,M)=WCS
DTH(KG,M)=0.0D0
AKR (KG,M)=1.0D0
GO TO 800
Cc
C ------ UNSATURATED CASE
C

700 EXPAH=DEXP(-ALPHA* (HNP-HTHETA))
TH(KG,M)=WCR+(WCS-WCR) /(1.0DO+EXPAH)
DTH(KG ,M)=ALPHA* (WCS-WCR)*EXPAH/(1.O0DO+EXPAH) %*2
AKRLOG=EPS/(1.0DO+DEXP( -BETA*(HNP-HSUBK))) - EPS
AKR (KG ,M)=~10.0DO**AKRLOG

5.3 Data Input Guide

The input format for each data card is specified in the following.
The number under the rule is the last column of the field. In general, an
integer has a field of 5 and should be right-justified. On the other
hand, a real number has a field of 10 and can be placed anywhere within
the field if F-specification is used. If E- or D- format is used, then

the exponential should be right-justified.

1. TITLE
One card per problem is required.

FORMAT(15,9A8,311)

NPROB TITLE IGEOM IBUG ICHNG

5 77 78 79 80
NPROB = Problem number.
TITLE = Array for the title of the pr~blem. It

may contain up to 72 characters from
column 6 to column 77,
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IGEOM -

IBUG =

ICHNG =

82

Integer indicating if (1) the geowetry,

boundary, and pointer arrays are to be printed;
(2) the boundary and pointer arrays are to be
computed or read via logical units. If to be
computed, they should be written on logical units.
I1f IGEOM is even number, (1) will not be printed.
If IGEOM is odd number, (1) will be printed.

If IGEOM is less than or equal to 1, boundary
arrays will be computed and written on unit 3.

I1f IGEOM is greater than 1, boundary arrays will
be read via unit 3. If IGEOM is less than or equal
to 3, pointer arrays will be computed and written
on unit 4. If IGEOM is greater than 3, pointer
arrays will be read via unit 4.

Integer indicating if the diagnostic
output is desired. 0 = No, 1 -~ Yes.

Integer control number indicating if the cyclic
change of rainfall-seepage nodes is to be printed.
0 = No, 1 = Yes.

BASIC INTEGER PARAMETERS

One card per

problem is required.

FORMAT(1615)

NNP NEL  NMAT NCM NT1 KSS NSPPM  NMPPM
5 10 15 20 25 30 35 40

KSR KCP KGRAV  NITER NCYL NDTCHG NPITER NREGN

45 50 55 60 65 70 75 80
NNP = Number of nodal points.
NEL = Number of elements.
NMAT = Number of material types.
NCM = Numbe:r of elements with material property
correction.

NTI = Number of time steps or time increments.



KSS

NSPPM

NMPPM

KSTR

KCP

KGRAV

NITER

NCYL

NDTCHG

NPITER

NREGN

NOTE:
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Steady state control.
0 = steady state solution desired,
1 = transient state or transient solutions.

Number of parameters to specify analytical soil
functions per material.

Number of material properties per material.
NMPPM = 6 for the present model.

Auxiliary storage output control;
0 = no storage,
1 = output stored in Logical Unit 1.

Permeability input controi;
0 -~ input saturated hydraulic conductivity,
1 = input saturated permeability.

Gravity term control;

0 = no gravity term,

1l -~ with gravity term.

Number of iterations allowed for solving

the nonlinear equation.

Number of cycles permitted for iterating rainfall-

seepage boundary conditions per time step.

Number of times to reset time step size to initial
time step size.

Number of iterations for block or pointwise
solution.

Number of subregions.

NTI can be computed by NTI = I1 + 1 + 12 + 1,

where 11 = largest integer not exceeding
Log (DELMAX/DELT) /Log(1+CHNG) ,
12 = largest integer not exceeding
(RTIME-DELT#* [ (1+4CHNG)**(I1+1)-1]/CHNG)/DELMAX,
RTIME - Real simulation time,
DELMAX,DELT,and CHNG are defined in Data Set 3.
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3. BASIC REAL PARAMETERS
Two cards per problem. Use of an E-, D-, or another F-type field
specification in the input card overrides any of the D10.3 field.

Card 1 - FORMAT(8D10.3).

DELT CHNG DELMAX TMAX TOLA TOLB RHO GRAV

10 20 30 40 50 60 70 80

DELT = Initial time step size (T)

CHNG = Percentage of change in time step size in
each of the subsequent time increment,
(dimensionless in decimal point).

DEIMAX = Maximum value of DELT (T).
TMAX = Maximum simulation time (T).
TOLA = Steady-state convergence criteria (L).

TOLB = Transient-state convergence criteria (L).

RHO = Density of water (H/L3).

-

Acceleration of gravity (L/Tz).

Card 2 - FORMAT(8D10.3).

ViscC |4 OME OMI

10 20 30 40 45 80
VISC = Dynamic viscosity of water [(M/L)/T].

W = Time derivative weighting factor;
0.5 = Crank-Nicolson central and/or mid-
difference,
1.0 = backward difference.

OME ~ Iteration parameter for solving the nonlinear
matrix equation;
0.0 -- 1.0 = underrelaxation,
1.0 -- 1.0 » exact relaxation,
1.0 -- 2.0 = over-relaxation.
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OMI - Relaxation parameter for solving the linearized
matrix equation pointwise;

0.0 -- 1.0 = underrelaxation,
1.0 -- 1.0 = exact relaxation,
1.0 -- 2.0 = overrelaxation.

PRINTER AND DISK STORE CONTROL AND TIMES FOR STEF SIZE RESETTING

The number of cards here depends on the number of time increments
NTI and the times of resetting step size NDTCHG. The number

of cards is [(NT1/80+1)*2 + (NDICHG/8+1)]. (NT1/80+1) cards are

for printer output control, (NTI/B0+l) cards for storage control,
and (NDTCHG/8+l) cards for time-step-size resetting.

Card 1 to Card [(NTI/80+1)] -- FORMAT(80I1)

KPRO KPR(1) KPR(2) --- KPR(I) --- KPR(NTI) i

1 2 3 80

KPRO = Printer control for steady state and
initial conditions;

= print nothing,

print FLOW, FRATE, and TFLOW,

print above (1) plus pressure head H,

print above (2) plus totai head,

print above (3) plus moisture content,

print above (4) plus Darcy’s velocity.

Ve wWwN = O
]

KPR(I) = Printer control for I-th time step similar

to KPRO.
Card [(NTI/B0+1)+1} to Card {(NTI/80+1)*2] -- FORMAT(80I1)
KDSKO KDSK(1) KDSK(2) ~--- KDSK(I) --- KDSK(NTI)
1 2 3 80

KDSKO = Auxiliary storage control for steady state
and initial condition,
0 = no storage,
1 ~ store on Logical Unit 1.

KDSK(I) = Aux{liary storage control for I-th time step
similar to KDSKO.
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Card [(NTI/80+1)*2 + 1] to card [(NTI/80+1)*2 + (NDTCHG/8+1)]
-- FORMAT(8D10.3).

TDTCH(1) TDTCH(2) --- TDTCH(I) --- TDTCH(NDTCHG)

10 20 80

TDTCH(I) = Time when I-th step size resetting i{s needed.

5. MATERIAL PROPERTIES
A total of NMAT cards are required for this data set.

FORMAT(8D10.3)

PROP(1,1) PROP{2,1) ---- PROP(6,1)
10 20 60 80
PROP(1,I) PROP(2,I) ---- PROP(6,I)
10 20 60 80
PROP(1,NMAT) PROP(2,NMAT) ---- PROP(6,NMAT)
10 20 60 80
PROP(1,1) = Saturated xx- hydraulic conductivity

or permeability of medium I (L/T) or (L2).

PROP(2,1) = Saturated yy- hydraulic conductivity

or permeability of medium I (L/T) or (L2).
PROP(3,1) = Saturated zz- hydraulf. conductivity

or permeabilicy of medium I (L/T) or (L2).
PROP(4,1) = Saturated xy- hydraulic conductivity

or permeabiltiy of medium I (L/T) or (Lz).
PROP(5,1) ~ Saturated xz- hydraulic conductivicy

or permeability of medium I (L/T) or (L?).
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PROP(6,1) = Saturated yz- hydraulic conductivity
or permesability of medium I (L/T) or (L ).

6. ANALYTICAL SOIL PARAMETERS
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 by the
number of parameters used to specify the soil properties per
materfal, NSPPM, and by the number of materials, NMAT:

FORMAT(8D10.3)

THPROP(1,1) THPROP(2,1) ... THPROP(NSPPM.1)
[ 10 20 80
| THPROP(1,NMAT) THPROP(2,NMAT) ... THPROP(NSPPM,NMAT)
10 20 80
AKPROP(1,1) AKPROP(2,1) ... AKPROP(NSPPM,1)
10 20 80
AKPROP(1,NMAT) AKPROP(2,NMAT) ... AKPROP(NSPPM,NMAT)
10 20 80
THPROP(J ,I) = Analytical moisture-content parameter J
of material I.

AKPROP(J,I) = Analytical relative conductivity parameter
J of materfal I,

*%%% NOTE: THPROP(J,I) is also used to compute dTH/dH, the water

capacity. One should derive the dTH/dH function by
himself,
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NODAL POINT COORDINATE
Usually a total of NNP cards are required. However, if a group

of subsequent nodes appears in regular pattern, automatic
g2neration can be made.

FORMAT (315, 5X,6D10.3)

NI NSEG NAD XNI YNI ZNI XIAD YIAD ZIAD

5 10 15 20 30 40 50 60 70 80

NI = Node number of the first node in the
sequence.

NSEQ - NSEQ subsequent nodes will be autcmatically
generated.

NAD = Incremert of node number for each of the
NSEQ subsequent nodes.

XN1 = x-coordinate of node N1 (L).
YNI = y-coordinate of node NI (L).
ZN] = z-coordinate of node NI (L).

XAD = Increment of x-coordinate for each of the
NSEQ subsequent nodes (L).

YAD = Increment of y-coordinate for each of the
NSEQ subsequent nodes (L).

ZAD = Increment of z-coordinate for each of the
NSEQ subsequent nodes (L).

*%%% NOTE: A blank card must be used to signal the
end of this data set.



8.

89 ORNL-6386

SUBREGION DATA
(a) Number of Nodes for each Subregion: Normally NREGN cards are

required. However, if regular pattern appears, automatic
generation can be made.

FORMAT (1615)

NK NSEQ NKAD NODES NODAD

5 10 15 20 25 80

NK = Subregion number of the first reglon in a
sequence.

NSEQ = NSEQ subsequent subregions will hav: their
number of nodes automatically generated.

NKAD = Increment of NK in each of the NSEQ
subsequent subregions.

NODES = Number of nodes for the subregion NK.

NODAD = Increment of NODES in each of the NSEQ
subsequent subregions.

*%%t NOTE: A blank card must be used to end the input
of this subdata set.

(b) Mapping between Global nodes and Subregion Nodes: This
subdata set should be repeated NREGN times, one for
each subregion.

FORMAT(1615)

LI NSEQ LIAD NI  NIAD

5 10 15 20 25 80

LI

Local node nusber of the first node in
a sequence,

NSEQ = NSEQ subsequent local nodes will have
their corresponding global node number
generated automatically.

LIAD =« Increment of LI for each of the NSEQ
subsequent nodes.
NI « Global node number of local node LI,
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NIAD = Increment of NI for each of the NSEQ
subsequent nodes.

*+rk NOTE: A blank card must be used to signal the end of this
subdata set.

9. ELEMENT INCIDENCES
Usually a total of NEL cards are needed. However, if a group
of elements appears in regular pattern, automatic generation is

made .
FORMAT (1615)
MI NSEQ MIAD IE(MI,1) --- IE(MI,8) TIEMAD
5 10 15 50 80

MI = Global element number of the first element
in a sequence.

NSEQ = NSEQ subsequent elements will have their
connectivity automatically generated.

MIAD - Increment of MI for each of the NSEQ
subsequent elements.

IE(MI,1) = Global node number of the first node of
element MI.

IE(MI,2) = Global node number of the second node of
element MI.

IE(M1,3) = Global node number of the third node of
element MI.

IE(MI,4) = Global node number of the fourth node of
element MI.

IE(MI,S) = Global node number of the fifth node of
element M],

IE(MI,6) = Global node number of the sixth node of
element MI,

1IE(MI,7) = Global node number of the seventh node of
element MI.
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IE(MI,8) = Global node number of the eighth node of
element MI.

IEMAD =~ Increment of IE(MI,1) through IE(MI,8) for
each of the NSEQ subsequent elements.

IE(MI,1) through TE(MI,8) are numbered according the convention
shown in Fig. 7. The first four nodes start from the front,
lower, left correr and progress around the bottom element
surface in a counterclockwise direction. The other four nodes
begin from the front, upper, left corner and progress around
the top element surface in a counterclockwise direction.

ORNL-DWG 87-9888
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Fig. 7. Numbering of element incidences
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10. MATERIAL TYPE CORRECTION
This data set is required only if NCM > 0. Normally, NCM cards

are required. However, if a group of elements appears in regular
pattern, automatic :z-neration may be made.

FORMAT (415)

MI  NSEQ MAD MITYP MIYPAD

5 10 15 20 25 80

MI = Global element number of the first element
in the sequence.

NSEQ = NSEQ subsequent elements will be generated
automatically.

MAD = Increment of element number for each of
the NSEQ subsequent elements.

MITYP - Type of material correction for element MI.

MIYPAD = Increzent of the type of material correction
for each of the NSEQ subsequent elements.

*%k%k NOTE: A blank card must be used to signal the end
of this data set.

11. CARD INPUT FOR INITIAL OR PRE-INITIAL CCNDITIONS
NNP cards, one card for each node, are needed. Howvever, if a

group of nodes appears in regular pattern, suto-generation is
made .

FORMAT (315, 5X,4D10.3)

NI NSEQ NAD HNI  HAD

5 10 15 20 30 40 80

NI = Global node number of the first node in
the sequence.

NSEQ « NSEQ subsequent nodes will be generated
automatically.
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NAD ~ Increment of node number for each of
the NSEQ nodes.

HNI = Initial or pre-initial pressure head of
node NI (L).

HAD = Increment of initial or pre-initial
head for each of the NSEQ nodes (L).

*&kk NOTE: A blank card must be used to signal the
end of this data set.

** NOTE ON INITIAL CONDITIONS: The initial condition for a transient
calculation may be obtained in two different ways: from card input
or steady-state calculation using time-invariant boundary
conditions that are different from those for transient computation.
In the latter case, a card input of the pre-initial conditions is
required as the zeroth order iterate of the steady state solution.

** NOTE ON AUXILIARY STORAGE UNITS: Logical Unit 1 is used to store
output if KSTR > 0. Proper identification of this logical unit
must be made in the job control language (JCL).

** NOTE ON STEADY STATE INPUT: Steady state option may be used to
provide either the final state of a system under study or the initial
conditions for a transient state calculation. In former case, KSS = 0
and NTI = 0, and in the latter case KSS = 0 and NTII > 0. 1If KSS
> 0, there will be no steady stata calculation.

12. INTEGER PARAMETERS FOR TRANSIENT SOURCE and BOUNDARY CONDITIONS
Two cards per problem are required.

FORMAT (1615)

NSEL NSPR NSDP NWNP NWPR NWDP NCES  NCNP

5 10 15 20 25 30 35 40

NCPR MCDP NNES NNNP NNPR NNDP NVES  NVNP

45 50 55 60 65 70 75 80

NVPR NVDP NDNP NDPR  NDDP
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NSEL = Number of source/sink elements.
NSPR = Number of source/sink profiles, should be .GE. 1.

NSDP = Number of data points in each of the NSPR.
source/sink profiles, should be .GE. 2.

NWNP = Number of well or point source/sink nodal points.

NUPR = Number of well or point source/sink strength
profiles.

NWDP - Number of data points in each of the NWPR profiles.
NCES = Number of Cauchy boundary element sides.

NCNP = Number of Cauchy boundary nodes.

NCPR = Number of Cauchy flux profiles.

NCDP = Number of data points in each of the NCPR
Cauchy flux profiles.

NNES = Number of Neumann boundary element sides.
NNNP = Number of Neuamnn nodal points.
NNPR = Number of Neumann flux profiles.

NNDP = Number of data points in each of the NNPR
Neumann flux profiles.

NVES = Number of variasble boundary element sides.
NVNP = Number of variasble boundary nodes.
NVPR = Number of variable boundary profile.

NVDP = Number of data points in each of the
NVPR variable boundary profiles.

NDNP = Number of Tirichlet nodal points,
should te .GE. 1.

NDPR = Number of total Dirichlet-hecd profiles,
should be .GE. 1.

NDDP = Number of data points in each of the NDNP
total Dirichlet-head profiles,
should be .GE. 1.
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13. DISTRIBUTED AND POINT SOURCES/SINKS
Two sets of cards are needed: one for the distributed
source/sink, and the other for the point source/sink.

(1) Distributed Source/sink Data: This subdata set is needed if
and only if NSEL > 0. When NSEL is greater than zero,
three groups of cards are needed: one for the source profile,
one for the source element nuwber, and the other for the

source type.
(a) Source/sink Profiles: The number of cards depends on NSPR
and NSDP. This sub-data set is read in NSPR-wisely.
Each card contains four data points.
FORMAT(8D10.3)

irst profile

TSOSF(1,1) SOSF(1.1) TSOSF(2,1) SOSF(2,1) ---

10 20 30 40 80

--- TSOSF (NSDP, 1) SOSF(NSDP, 1)

80
Second profile
TSOSF(1,2) SOSF(1,2) TSOSF(2,2) SOSF(2,2) ---
10 20 30 40 80
.- TSOSF(NSDP,2) SOSF(NSDP, 2)
80

I-th profile

TSOSF(1,I) SOSF(1,i) TSOSF(2,I) SOSF(2,I) ---

10 20 30 40 80
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--- TSOSF(NSDP,I) SOSF(NSDP, 1)

80
NSPR-th profile
TSOSF(1,NSPR) SOSF(1,NSPR) TSOSF(2,NSPR) SOSF(2,NSPR) .
10 20 30 40 80
--- 'TSOSF(NSDP ,NSPR) SOSF(NSDP,NSPR)
50

TSOSF(J,1I) = Time of J-th data point in I-th
profile (T).

SOSF(J,1) = Source/sink value of J-th _data point
in I-th profile [(L3/T)/13].

(b) Global Element Number of Compressed Distributed Source/Sink
Element: The number of cards required in this subdata set
depends on NSEL. Each card contains 16 nodes.

FORMAT(1615).
MSEL(1) MSEL(2) MSEL(3) --- MSEL(I) --- MSEL(NSEL)
5 10 15 80

MSEL(I) = Global element number of I-th compressed
distributed source/sink element.

(c) Source Type in Each Element: Usually one card per element is
required; however, automatic generation can be made.

FORMAT(S15)

MI  NSEQ MAD MITYP MTYPAD

5 10 15 20 25 80

MI = Global element number of the first
element in the sequence.

NSEQ « NSEQ elements will contain the source
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types that will be automatically
generated.

MAD = Increment of element number for each
of the NSEQ elements.

MITYP = Source type in element MI.

MIYPAD = Increment of the source type for each
of the NSEQ subsequent elements.

*&&k NOTE: A blank card wust be used to signal the end
of this data set.

(2) Point Source/Sink Data: This subdata set is needed if and
only if NUNP > O. When NWNP is greater than zero, this
subdata set i{s read in similarly to subdata set 12 (1).

(a) WVell or Point Source/Sink Profiles: The number of cards
depends on NWPR and NWDP. This sub-data set is read in
similarly to sub data set 12(1)(a).

FORMAT(8D10.3)

First Profile

TWSSF(1,1) WSSF(1,1) ‘TWSSF(2,1) WSSF(2,1) ~---

10 20 30 40 80

--- TWSSF(NWDP,1) WSSF/WUDP,1)

80
Second Profile
TWSSF(1,2) WSSF(1,2) TWSSF(2,2) WSSF(2,2) ~---
10 20 30 40 80

--- TWSSF(NWDP,2) WSSF(NWDP,2)

80
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I-th Profile

TWSSF(1,I) WSSF(1,I) TWSSF(2,1I) WSSF(2,I) ---

10 20 30 40 80

--- TWSSF(NWDP,I) WSSF(NWDP,I1)

80
NWPR-th Profile
TWSSF(1,NWPR) WSSF(1,NWPR) TWSSF(2,NWPR) WSSF(2,NWFR) ---
10 20 30 40 80
--- TWSSF(NWDP,NWPR) WSSF(NWDP,KNWPR)
80

TWSSF(J,1) = Time of J-th data point in I-th well
or point source/sink profile (T).

WSSF(J,1) = Strength of point source/sink of J-th
data point in I-th profile (L3/T).

(b) Global Nodal Number of Compressed Well Source/Sink Nodes:
The number of cards required in this subdata set depends on
NWNP. Each card contains 16 nodes.

FORMAT(1615)
NPW(1) NPW(2) NPW{3) --- NHI(I) --- NPW(NWNP)
5 10 15 80

NPW(I) = Global node number of I-th compressed
well source/sink node.
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(c) Types of Well Source/Sink Nodes: Normally, one card per well
node is needed (i.e. a total of NUNP cards). However, if the
well nodes appear in regular pattern, automatic generation
may be made.

FORMAT (515)

NI NSEQ NIAD NITYP NITYPA

5 10 15 20 25 80

NI = Compressed well node number of the first node in
a sequence.

NSEQ = NSEQ subsequent well nodes will be generated
automatically.

NIAD = Increment of compressed well node number for
each of the NSEQ subsequent nodes.

NITYP = Type of well/sink source profile assigned to
node NI.

NITYPA = Increment of NITYP for each of the NSEQ
subsequent nodes.

**% NOTE: A blank card must be used to signal the end of
this subdata set.

RAINFALL/EVAPORATION-SEEPAGE (VARIABLE) BOUNDARY CONDITIONS

S1x groups of cards are required for this data set if and only
if NVES > 0. The first group is used to specify the rainfall/
evaporation profile, the second group is used to assign the type
of rainfall/evaporation profile to each of the NVES rainfall/
evaporation-seepage sides, the third group is used to read four
global nodal numbers of all NVES rainfall/evaporation-seepage
sides, the fourth group is used to read the global nodal numier
of all the NVNP nodes, the fifth group is used to read in the
allowed ponding depth for each of the NVNP nodes, and the sixth
group is used to the allowed minimum pressure for each of the
NVNP nodes. )

(a) Rainfall/Potential Evaporation Profiles: This subdata set is
read in similarly to that of subdata set 12(a).
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FORMAT(8D10.3)

First profile

TRF(1,1} RF(1,1) TRF(2,1) RF(2,1) .
10 20 30 40 80
TRF(NVDP,1) RF(NVDP,1)
80
Second profile
TRF(1,2) RF(1,2) TRF(2,2) RF(2,2) ..
10 20 30 40 80
TRF(NVDP,2) RF(NVDP,2)
80
I-th profile
TRF(1,1) RF(1,I) TRF(2,1) RF(2,1) ...
10 20 30 40 80
TRF(NVDP,I) RF(NVDP,I)
80

NVPR-th profile

TRF(1,NVPR) RF(1,NVPR) TRF(2,NVPR) RF(2,NVPR) ..

10 20 30 40

80
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... TRF(NVDP,NVPR) RF(NVDP,NVPR)

80

TRF(J,I) = Time of the J-th data point on I-th
rainfall/evaporation-vs-time profile (T).

RF(J,1) = Rainfall/evaporation rate of the J-th data
point on I-th profile (L/T). For rainfall,
input positive value, for potential
evaporation, input negative value.

Rainfall/Evaporation Type Assigned to Each of All
NVES Surfaces: This subdata set is read in similarly to
that in subdata set 12(1)(c).

FORMAT(515)

NI NSEQ NIAL NITYP NTYPAD

5 1¢C 15 20 25 80

NI = Compressed variable boundary (rainfall/seepage)
element side of the first side in a sequence.

NSEQ = NSEQ subsequent sides will be generated
automatically.

NIAD = Increment of the compressed NI fer each of
the NSEQ subsequent sides.

NITYP = Type of rainfall/evaporation profile assigned
to side NI.

NT{PAD = Increment of the type of rainfall/evaporation
profile for each of the NSEQ subsequent sides.

*** NOTE: A blank card must be used to signal the end
of this subdata set.

Specification of Rainfall/evaporation-seepage (RES) Sides:
Normally, NVES cards are required, one each for a RES
boundary element side. However, if a group of RES element

sides appears In a regular patcern, automatic generation may
be made.
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FORMAT(1615)

MI NSEQ MIAD I1 12 I3 14 IlAD 12AD 1I3AD I4AD

5 10 15 20 25 30 135 40 45 50 55 80

MI - Compressed RES element side number of the first
element side in a sequence.

NSEQ = NSEQ subsequent RES element sides will be generated
automatically.

MIAD - Increment of MI for each of the NSEQ subsequent
RES element sides.

I1 = Global node number of the first node of element
side MI.

12 = Global node number of the second node of element
side MI.

13 = Global node number of the third node of element
side MI.

14 «= Global node number of the fourth node of element
‘ side MI.

I1AD = Increment of 11 fur each of the NSEQ subseguent
. element sides.

12AD = Increment of 1?2 for each of the NSEQ subsequent
element sides.

13AD - Increment of 13 for each of the NSEQ s“Lsequent
element sides.

14AD = Increment of 14 for each of the NSEQ sujrsequent
element sides.

***k NOTE: A blank card must be used to signal the end
of this subdata set.

(d) Global Nodal Number of All Rainfall/Evaporatfion-Seepage (RES)
Nodes: This subdata set is read in similarly to that in
subdata set 12(1)(c).
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FORMAT(515)

NI NSEQ NIAD NODE NODEAD

5 10 15 20 25 80

NI = Compressed variable boundary node number of
the first node in a sequence.

NSEQ - NSEQ subsequent nodes will be generated

automatically.
NIAD = Increment for NI for each of the NSEQ nodes.

NODE

Global nodal nusber of the node NI.

NODEAD = Increment of the global nodal number for

each of the NSEQ subsequent nodes.

%%k NOTE: A blank card must used to signal the end
of this subdata set.

(e) Ponding depth: Normally, NVNP cards are needed, one for each
of the NVNP variable boundary (VB) nodes. However, if a
group of VB nodes has a regular pattern of ponding depth,
automatic generation is made.

FORMAT(315,5X,2D10.3)

NI NSEQ NIAD HCONNI HCONAD

5 10 15 20 30 40 80

NI = Compressed VB nodal number of the first node ir
a sequence,

NSEQ = NSEQ subsequent nodes will be generated
automatically.

NIAD = Increment of the compressed VB nodal umber
for each of the NSEQ subsequent nodes.

HCONNI =~ Ponding depth of node NI (L).

HCONAD = Increment of ponding depth for each of the
NSEQ subsequent nodes (L).

*%%% NOTE: A blank card must be used to signal the
end of this subdata set.
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(f) Minimum Pressure Head Allowed in Each VB Nodes:

subdata set is

104

This
read in similarly to the above subdata set.

NI  NSEQ

NIAD HMINNI HMINAD

5 10

M -

NIAD =

HMINNI -

HMINAD -

*&kkk NOTE:

15.

15 20 30 40 80
Compressed VB node number of the first node

in a sequence.

NSEQ subsequent VB nodes will be generated
automatically.

Increment of the compressed V3 node number
for each of the NSEQ subsequent nodes.

Minimum pressure head of node NI (L).
Increment of minimum pressure head for each
of the NSEQ subsequent nodes (L).

A blank card must be used to signal the
end of this subdata set.

DIRICHLET BOUNDARY CONDITIONS

This data set is required if NDNP > O.

(2a) Dirichlet-Head Profiles: This subdata set 1s read in

similarly to that in subdata set 12(1)(a).
FORMAT (8D10.3)

First profile

THDBF(1,1) HDBF(1,1) HDBF(2,1) HDBF(2,1) ---

10 20 30 40 80

THDBF(NDDP,1)  HDBF(NDDP,1)

80
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Second profile

THDBF(1,2) HDBF(1,2) THDBF(2,2) HDBF(2,2) ---

10 26 30 40 80

---  THDBF(NDDP, 2) HDBF (NDDP, 2)

80
I-th profile
THDBF{1,1) HDBF(1,1) THDBF(2,I) HDBF(2,I) ---
10 20 30 40 80
---  THDBF(NDDP,1) HDBF(NDDP,I)
80
NDPR-th profile
THDBF(1,NDPR) HDBF(1,NDPR) THDBF(2,NDPR) HDBF(2,NDPR) ...
10 20 30 40 80
.. THDBF(NDDP ,NDPR) HDBF(NDDP,NDPR)
80

THDBF(J,1) = Time of J-th data point fn I-th
Dirichlet head profile (T).

HDBF(J,I) = Total head of J-th data point in T-th
Dirichlet head profile (L).
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(b) Dirichlet Nodes: The number of cards in this subdata set
depends on NDNP. Each card contains 16 nodes.

FORMAT (1615)
NPDB(1) NPDB(2) ... NPDB(I) ... NPDB(KDNP)
5 10 80

NPDB(1) = Global node number of 1-th Dirichlet
node.

(¢} Type of Nirichlet Node: Normally, one card per Dirichlet
node is required (i. e. a total of NDNP cards). However, if
the Dirichlet nodes appear in regular pattern, automatic
generition may be made.

FORMAT (515)

NI  NSEQ NAD NITYP NTYPAD

5 10 15 20 25 80

NI = Compressed Dirichlet node number ot
the first node in the sequence,

NSEQ = NSEQ subsequent Dirichlet nodes will
be generated automatically.

NAD - Increment of compressed Dirichlet
node number for each of the NSEQ
nodes .

NITYP = Type of Dirichlet-head profile for
node NI and the NSEQ subsequent nodes.

NTYPAD = Increment of NITYP for each of the NSEQ
subsequent nodes.

**% NOTE: A blank card must be used to signal the
end of this subdata set.

16. CAUCHY BOUNDARY CONDITIONS
This data set {s required if and only if NCES > O. Four groups
of cards are required. One group is used to read Cauchy flux
profiles, the second group i{s used to read the type of Cauchy
flux profile assigned to each of the NCES Cauchy sides, the third
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group is to read Cauchy boundary element sides, and the fourth
group is to read the Cauct.y boundary nodal points.

(a) Prescribed Cauchy flux Profiles: This subdata set is read
in similarly ro that in subdata set 12(a).

FORMAT(8D10.2)

First profile

TQCBF(1,1) QCBF(1,1) TGCBF(2,1) QCBF(2.1) ...
10 20 30 40 80
TQCBF (NCDFE, 1) QCS8F (NCDP,1)
80
Second profile
TQCBF(1,2) OCBF(1,2) TQCBF(2,2) QCBF(2,2) ...
10 20 30 40 80
TOCBF(NCDP,2) QCBF(NCDP, 2)
) 80
I-th profile
TQCBF(1,1) OCBF(1,1) TQCBF(2,1) QCBF(2,1)
10 20 30 40 80

TQCBF(NCDP, 1)

OCRF(NCDP,T)

80
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NCPR-th profile

TQCBF(1,NCPR) QCBF(1,KCPR) TQCBF(2,NCPR) QCBF(2,NCPR)

10 20 30 40

80

... TQCBF(NCDP,NCPR) QCBF(NCDP,NCPR)

TQCBF(J,1) - Time of the J-th data point on I-th
Cauchy-flux profile (T).

QCBF(J,I) = Normal Cauchy flux of the J-th data
point on I-th profile [(L3/T)/L2].
QCBF is positive if directed out from

the region, it is negative if directed

into the region.

(b) Type of Cauchy Flux Profile Assigned to Cauchy Sides:

80

Normally, one card per Cauchy node (i. e. a total of NCES
cards) is required. However, if a group of cards appears in

regular pattern, automatic generation may be made.

NJ NSEQ NAD NITYP NTYPAD

5 10 15 20 25

NI = Compressed Cauchy side number of the first
side in a sequence.

NSEQ
automatically.

NAD = Increment of NI for each of the NSEQ
subsequent sides.

NITYP

NTYPAD

Increment of NITYP for each of the NSEQ
subsequent sides.

80

NSEQ subsequent Cauchy sides will be generated

Type of Cuuchy flux profile assigned to side NI.

*%% NOTE: A blank card Is used to signal the end of this data

set,
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Cauchy Boundary Element Sides: Normally, one card per Cauchy
boundary-element side (i.e., a total of NCES cards) is
However, if a group of Cauchy boundary element
sides appears in regular pattern, automatic generation may be

required.

made .

FORMAT(1615)

MI NSEQ MIAD Y1 12 I3 14 IIAD 12AD 1I3AD 14AD

5 10

M1

NSEQ

MIAD

T1AD

I2AD

12AD

14AD

*kx NOTE: A

15 20 25 30 35 40 45 50 55

Compressed Cauchy element side number of
the first element side in a sequence.

NSEQ subsequent Cauchy element sides will
be generated automatically.

Increment of MI for each of the NSEQ
subsequent element sides.

Global nodal number of the first node
on the MU-th Cauchy side.

Global nodal number of the third nodc
on the MI-th Cauchy side. '

Global nodal number of the fourth node
~n tne MI-th Cauchy side.

Global nodal number of the fourth node
or the MI-th Cauchy side.

Increment of Il for each of the NSEQ
subsequent element sides.

Increment of 12 for each of the NSEQ
subsequent element sides.

Increment of I3 for each of the NSEQ
subsequent element sides.

Increment of 14 for each of the NSEQ
subsequent element sides.

blank card is used to end this data ser {pput,
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(d) Cauchy Noda®' point: The number of cards required is
(NCNP/16+1). Each card contain 16 points.

FORMAT(1615)

"NPC3(1) NPCB(2) ... NPGB(I) ... NPCB(NCNP)

5 10 80

NPCB(1I) -~ Global nodal number of I-th compressed
Cauchy node.

17. NEUMANN BOUNDARY CONDITIONS
This data set is required if and only if NNES > 0. Four groups
of cards are required. One group is used to read Neumann flux
profiles, the second group is used to read the type of Neumann
flux profile assigned to each of the NNES Neumann sides, the
third group is to read Neumann boundary element sides, and the
fourth group is to read Neumann boundary nodal points.

(a) Prescribed Neumann Flux Profiles: This subdata set is read
in similarly to that in subdata set 15(a).

FORMAT(8D10.3)

First profile

TQNBF(1,1) QNBF(1,1) TQNBF(2,1) NQNBF(2,1) ---

10 20 30 40 80

---  TQNBF(NNDP,1) QNBF(NNDP,1)

80
Second profile
QNBF(1,2) QNBF(1,2) TQNBF(2,2) (QNBF(2,2) ---
10 20 30 40 80

---  TQNBF(NNDP,2) QNBF(NNDP,2)

80



111 ORNL-6386

I-th profile

TQNBF(1,1I) OQNBF(1,I) TGNBF(2,I) OQNBF(2,I) ---

80

--- TONBF(NNDP,I) QNBF(NNDP,I)

80

NNPR-th profile

TQNBF(1,NNPR) QNBF(1,NNPR) TQNBF(2,NNPR) QNBF(2,NNFR)

10 20 30 40 80

. TQNBF(NNDP,NNPR) QNBF(NNDP NNFR)

80

TQNBF(J,1) ~ Time of J-th data point in I-th
Neumann flux profile (T).

QNBF(J,I) — Value of Neumann flux of J-th data point
in I-th Neumann flux profile [(L /T)/L ].

(b) Type of Neumann Flux Profile Assigned to Neumann Sides:

This group of cards is read in similarly to subdata
set 15(b).

FORMAT (1615)

NI  NSEQ NAD NITYP NTYPAD

5 10 15 20 25 80

NI = Compressed Neumann side number of
the first side in the sequence.

NSEQ = NSEQ subsequent Neumann sides will be
assigned a Neumann flux of type NITYP.
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NAD = Increment of ébnpressed Neumann side
number in each of the NSEQ nodes.

= NITYP =~ Type of Ne:mann flux profile for side
NI and its NSEQ subsequent sides.

NTYPADY-:Increuent of NITYP for each of the NSEQ
" subsequent sides.

i NOTE: A blank card must be used to signal
. the end of this subdata set.

 Neumapn Boundary Element Sides: This group of data i: read. -
similarly vo subdata set 15(c). ‘ ; :

FORMAT(1615)

. MI NSEQ MIAD 11 12 13 14 11AD I2AD I3AD T4AD .

5 10 15 20 25 30 35 40 45 50 55 80

g f MI = Compressed element side number of the
‘ first element side in the sequence.

NSEQ = NSEQ subsequent element-sides will be
generated automatically. :

MIAD = Increment of MI for each of the NSEQ
subsequent element sides.

1S1 = Global nodal number of the first node
on the MI-th Neumann side. .

IS2 = Global nodal number of the second node
on the MI-th Neumann side.

1S3 = Global nodal number of the third node
; on the MI-th Neumann side.

IS4 ~ Global nodal number of the fourth node
on the MI-th Neumann side.

I1AD = Increment of I} for each of the NSEQ
subsequent Neumann sides.

124D = Increment of 12 for each of the NSEQ
subsequent Neumann sides.

[2AD - increment of I3 for each of the NGEQ
subsequent leumann sides.
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14AD = Increment of 14 for each of the NSEQ
subsequent Neumann sides.

*** NOTE: A blank card must be used to signal

the end of this subdata set.

(d) Neumann Nodes: The number of cards needed in this subdata
set depend on NNNP. Each card contains 16 nodes.

FORMAT(1615)
NPNB(1) NPNB(2) ... NPNB(I) ... NPNB(NNNP)
5 10 80

NPNB(I) = global nodal point number of I-th
Neumann node.

18. END OF JOB

If another problem is to be rum, then input begins again with
input data set 1. If termination of the job is desired, a blank
card must be inserted at the end of the data set.

5.4 Input and Qutput Devices

Five logical units are needed to execute 3DFEMWATER. Units 5 and 6
are standard card input and line printer devices, respectively. Unit 1
must be specified to store the simulation results, which can be used for
input to 3DFEMWASTE or for plotting purposes. Unit 3 is used to store
the boundary arrays for later uses, if these arrays are computed for the
present job. Unit 4 is used to store pointer arrays for later uses, if

these arrays are generated for the present job. For large problems, our
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experifsnce has indicated that it ould take too much time to process the
boundary arrays and to generate pointer arravys. Hence, it is advisable
that for multijob executions, these boundary and pointer arrays should be
computed only once and written on units 3 and 4, respectively. Once they
are stored on units 3 and 4, the JCL should be properly identified for the

new job so they can be read via units 3 and 4, respectively.
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6. SAMPLE PROBLEMS

To verify 3DFEMWATER, three illustrative examples reported elsewhere
{Huyakorn 1986) are presented. These represent the one-, two-, and three-

dimensional problems, respectively.

6.1 One-Dimensional Column Problem

This example is selected to represent the simulation of a one-
dimensional problem with 3DFEMWATER. The column is 200 cm long and 50 by
50 cm in crosssection (Fig. 8). The column is assumed to contain the soil
with a saturated hydraulic conductivity of 10 cm/d, a porosity of 0.45 and
a field capacity of O0.1. The unsaturated characteristic hydraulic

properties of the soil in the column are given as

I S
b = 05 - (as - ar)( h'b - ha ) (113)
and
8 -8
K.~ 55 (114)

where hy and h, are the parameters used to compute the water content and

the relative hydraulic conductivity, respectively.

The initial cond.tions assumed are a pressure head of -90 cm imposed
on the top surface of the column, O cm on the bottom surface of the

column, and -97 cm elsewhere. The boundary conditions are given as: no
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flow in a soil column
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flux is imposed on the 1left, front, right, and back surfaces of the
column; pressure head is held at 0 ca on the bottom surface; and vaéiable
condition is used on the top surface of the columm with a ponding depth of
zero, winimum pressure of -90 cm, and a rainfall of 5 ca/d for the first

ten days and a potential evaporation of 5 cm/d for the second 10 days.

The region of interest, that is, the whole column, will be discretized
with 1 x 1 x 40 = 40 elements with element size = 50 x 50 x 5 cm,
resulting in 2 x 2 x 41 = 164 node points. For 3DFEMWATER simulation,
each of the four vertical lines will be considered a subregion. Thus, the
a total of four subregions, each with 41 node points, is used for the

subregional block iteration simulation.

A variable time step size is used. The initial time step size is
0.05 days, and each subsequent time step size is increased by 0.2 times
with a maximum time step size not greater than 1.0 d. Because there is an
abrupt change in the flux value from 5 cm/3d (infiltration) to -5 cm/d
(evaporation) imposed on the top surface at day 10, the time step size is
automatically reset to 0.05 d on the tenth day. A 20-day simulation will

be made with 3DFEMWATER. With the time step size described above, 44 time

steps are needed.

The p: sure head tolerance is 2:10°2 cm for nonlinear fteration and
is 1102 cm for block iteration. The relaxatfon factors for both the

nonlinear iteration and block iteration are set equal to 0.5,
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With the above descriptions. tne input data can be prepared according
instructions given ir Sect. 5.3. The input data are given in
To execute the problem, the arrays in ti.2 main program should be

dimensioned as

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

X(164),V(164),Z(164),1E(40,9)

CMATRX(164,27) ,CNOJCN(27,164) ,RLD(164) ,Ri(164) ,RL(164)
NTNPLR(4) NNPIR(4),LMAXDF(4%)

GNLR(164,4) ,INOJCN(27 .41,6)

CMTRXL(41,3) ,RID(41)

H(164) HP(164) ,HW(154) ,HT(164) ,VX(164) ,VY(164),VZ(164)
TH(6,40) ,DTH(8,40) ,AKR(8 ,40), NPCNV(164)
DCOSB(3,162).1SB(6,162) ,NPBB(164) ,BFLX(164) ,BFLXP(164)
SOS(1),SOSF(1,1},TSOSF{1,1),ISTYP(1),MSEL(1)
WSS(1),WSSF(1,1),TWSSF(1,1), IWTYP(1),NPW(1)

GQCB(1) ,QCBF(1,1),TQCBF{1,1)

ICTYP(1),1ISC(5,1), NPCB(1)

QNB(1) ,QNBF(1,1),TQNBF(1,1)

INTYP(1) ,1SN(5,1), NPNB(1)

RFALL(1) ,RF(4,1),TRF(4,1)

IRTYP(1),1SV(5.1), NPVB(4)
DCYFLX(4) ,FLX(4) ,HCON(4) ,HMIN(4)

NPFIX(4) ,NPCON(4) , NPHIN(4)

1IDB(1) ,HDBF(2,1) ,THDBF(2,1), IDTYP(4) ,NPDB(4)

PROP(6,1)

THPROP{4,1) ,AKPROP (4, 1)

KPR(44) KDSK.(44)  TDTCH(3)
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Table 1. Irput dazs for the one-dirensional column problem

1 SIMULATION OF ONE-D COLUMN INFILTRATION-EVAPORATION; L~-CM, T=DAY M=G 111
164 40 1 0 44 1 4 6 1 0 1 50 20 3 100 4
0.05D0 0.2Dp0 1.0D0 20.0DO 2.0D-2 2.0D-2 1.0D0 7.316D12
1.1232D2 1.0D0 0.5D0 0.5D90
555151511151115115111155515151115311511511115
11101010001000100100001110101C001000100100001
1.0D01 2.0000D1 1.0D38

0.0D0 0.0b0 16.0D0 0.020 C.CDO 2.0D0
0.150p0 0.450D0 0.00D0 -1.0D2 THPROP
0.000D0 0.000DO G.00D0 0.0D0 AKPROP

1 &0 1 0.0D0 50.0D9 ©.0D0 0.0D0 ¢.0D0 5.0D0
42 40 i 0.0D0 0.4D0 0.0D0 0.0D0 0.0D0 5.0D0
83 40 1 50.0D0 0.000 0.6D0 0.0D0 0.0D0 5.0D0
124 40 1 50.0D0 50.0D0 0.0D0 0.0D0 ¢.0p0 5.0D0

1 3 1 41 0

END OF NNPLR(K)
1 40 1 1 1

END OF GNLR(X,1)
1 40 1 42 1

END OF GNIR(I,2)

1 40 1 83 1

END OF GNLR(I.3)
1 40 1 124 1

ENDC OF GNLR(1,4)
1 39 1 42 83 124 1 43 84 125 2 1

END OF IE
1 3 41 0.0D0 v.0DO
2 38 1 -9.70D1 0.0DO
43 38 1 -9.70D1 0.0D0
84 38 1 -9.70D1 0.0no
125 38 1 -9.70D1 0.0D0
41 3 41 -9.00D1 0.CDO

END OF IC
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Table 1. (Continued)

0 0 o 0 0 0 o 0 o 0 0 0 o 0 1 4
1 4 4 1 2

0.0D0 5.0D0 10.0D0 5.000 10.001D0 -5.0D0 1.0D38 -5.0DC
1 0 o 1 0

END OF IRTYP
1 0 0 82 123 164 41 0 0o 0 o
END OF ISV(J,I) J=1.4

1 3 1 41 41

END OF NPVB

1 3 1 0.0D0 0.0Do

END OF HCON
1 3 1 -90.0D0 0.0D0

END OF HBIN
0.0D0 0.0D0 1.0D38 0.0D0
1 42 83 124
1 3 1 1 o

END OF IDTYP

END OF JOB

Corresponding to the above dimension specification, we must wmake the

following data statements in BLOCK DATA to specify the maximum-control

integers:

DATA MAXEL MAXNP,MAXBES ,MAXBNP,JBAND/40,164,162,164,27/
DATA MAXNTI ,MXNDTC/44,3/

DATA LTMXNP,LMXNP,LMXBW,MXREGN/164,41,3,4/

DATA MMSEL ,MXSPR,MXSDP,MXWHP MXWPR MXWDPF/1,1,1,1,1,1/
DATA MY.CNP MXCES ,MACPR,MXCDP/1,1,1,1/

DATA MXNNP MXNES,MQNPR,MINDP/1,1,1,1/

DATA MXVES MXVNP,MXVPR,MXVDP/1,4,1,4/

DATA MXDNP MXDPR,MXDDP/4,1,2/

DATA MAXMAT MXSPPM, MXMPPM/1,4.6/
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To reflect the soil property function given by Eqs. (113) and (114),
we have to modify the subroutine SPROP given in Appendix A. Lines between

SPRO 405 and SPRO 535 in the subroutine SPROP must be modified as follows:

WCR=THPROP (1 ,MTYP)
WCS=THPROP (2 ,MTYP)
HA2=-THPROP (3 ,MTYP)
HAB=-THPROP(4 ,MTYP)
DO 800 KG-1,8

HNP=HKG (KG)
HNP=-HNP
c
SATURATED CONDITION
c
IF(HNP.GT.0) GO TO 700
TH(KG, ) ~WCS
AXP.(KG,M)=1 .0DO
PTH(KG,M)=0.0DO
GO TO 800
c
C--o-n-- UNSATURATED CASE
c

700 THMKG=WCS- (WCS-WCR)* (-HNP-HAA}/(HAB-HAA)
TH(KG ,M) ~THMKG
AKR(KG, M)~ (THMKG-WCR) / (WCS -WCR)
DTH(KG,M)=- (WCS-WCR) / (HAB-HAA)

The pressure head simulated with 3DFEMWATER is plotted in Fig. 9. As
expected, during the rainfall period the pressure head is gradually built
up, starting from the top surface of the column. In the subsequent
evaporation period, the pressure head is gradually reduced. The minimum
allowable pressure head of -90 cm was first reached at the top surface of
the column and eventually propagated {(nto rne sofl ecciumu. These

numerical results are almost i{dentical to rthose giver by Huvakern (1984).
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Thus, the consistency oi the computer code is partially verified.
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Fig. 9. Simulated pressure head profiles at various times
during (a) infiltration and (b) evaporation for
the one-dimens{onal column problem.
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6.2 Two-dimensional Drainage Problem

This example is selected to represent the simulation of a two-
dimensional problem with 3DFEMWATER. The region of interest is bounded on
the left and right by parallel drains fully penetrating the medium, on the
bottom by an impervious aquifuge, and on the top by an air-soil interface
(Fig. 10). The distance between the two drains is 20 m apart (Fig. 10).
The medium is assumed to have a saturated hydraulic conductivity of 0.01
m/d, a porosity of 0.25, and a field capacity of 0.05. The unsaturated

characteristic hydraulic properties of the medium are given as

=0+ ) T (a15)

and
g -8 n
K =-(——F) , (116)
o os - ’r

where hy,, A, and B are the parameters used to compute the water content

and n i{s the parameter to compute the relative hydraulic conductivity.

Because of the symmetry, the region for numerical simulation will be
taken a8 0 < x < 10 m and 0 < z < 10 m, and 10 m» wide along the y-
direction will be assumed. The boundary conditions are given as: no flux
is imposed on the left (x = 0), front (y = 0), back (y = 10), and bottom
(z = 0) sides of the region; pressure head is assumed to vary from zero at
the water surface (z = 2) to 2 m at the bottom (z = 0) on the rignt side

(x = 10); and variable conditions are used elsevhere. Pond.ng depth is
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assumed to be zero weter on the whole variable boundary. Fluxes on the

‘top side of the varisble boundary are assumed equal to 0.006 m/d and on

the right side above the water surface are equal to zero. A steady state

solution will be sought. A pre-initial condition is set as h - 10 - z.

The region of interest is discretized with 10 x 1 x 10 = 100 elements

with element size = 1 x 10 x 1 cm, resulting in 11 x 2 x 11 - 242 node
- points. Fnor IDFEMUATER simulation, each of the two vertical planes will

be considered a subregion. Thus, the total of two subregions, each with

121 node points, is used for the subregional block iteration simulation.

The pressure head tolerance is 2:10"3 m for nonlinear iteration and
is 103 m for block iteration. The relaxation factors for both the

nonlinear iteration and block iteration are set equal to 0.5.

With the above descriptions, the input data can be prepared according
to the instructions given in Sect. 5.3. The input data are given in

Table 2.

To execute the problem, the arrays in the main program should be

dimensioned as

DIMENSION X(242),Y(242),2(242),1E(100,9)
DIMENSION CMATRX(242,27),GNOJCN(27,242),RLD(242),R1(242) ,RL(242)
DIMENSION NTNPLR(2),NNPLR(2),LMAXDF(2)

e e m e h ¥ e s e e
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. Table 2. Input data for two-dimensional drainage problea
2 SIMULATION OF TWO-D STEADY DRAINAGE; L-M, T-DAY, M=KG 111
252 100 1 0 0 0 5 6 1 0 1 50 20 1 100 2
“0.05D0 0.2D0 1.0D0 20.0D0 2.0Dp-3 2.0D-3 1.000 7.316D10
1.123204 1.0D0 0.5D0 0.5D0
55 ’
11
- 1.0Dp38
. 0.01p0 0.0p0 0.01Dp0 - 0.0D0 0.0D0 0.0D0 :
.. 0.050p0 0.250D0 0.00D0 10.0D0 4.0D0 THPROP
4.000D0 0.000D0 0.00D0 0.0D0 AKPROP
1 10 11 ) 0.0D0 0.0D0 0.0D0 1.0D0 0.0D0 0.0D0
2 10 11 0.0D0 0.0Dp0 1.0D0 1.0D0 0.0p0 0.0D0
3 10 11 0.0D0 0.0p0 2.0D0 1.0D0 0.0D0 0.0D0
4 10 11 0.0D0 0.0Dp0 3.0D0 1.000 0.0p0 0:0D0
-5 10 11 0.0D0 0.0D0 4.0D0 1.0D0 0.0p0 0.0p0
6 10 11 0.0D0 0.0D0 5.0D0 1.0D0 0.0p0 0.0D0
7 10 11 0.0D0 0.0D0 6.0D0 1.000 0.0D0 v.0D0
8 10 11 0.0D0 0.0D0 7.0D0 1.0p0 0.0p0 0.0D0
9 10 11 0.0D0 0.0D0 8.0D0 1.0D0 0.0p0 0.0D0
10 10 11 0.0D0 0.0D0 9.0D0 1.0D0 0.0p0 0.0D0
11 10 11 0.0D0 0.0Dp0 10.0D0 1.0D0 0.0D0 0.0D0
122 10 11 0.0Dp0 10.0D0 0.0D0 1.0D0 0.0p0 0.0D0
123 10 11 0.0D0 10.0D0 1.0D0 1.0D0 0.0p0 0.0D0
124 10 11 0.0Dp0 10.0D0 2.0D0 1.0D0 0.0p0 0.0D0
125 10 11 0.0D0 10.0D0 3.0p0 1.0D0 0.0D0 0.0D0
126 10 11 0.0Dp0 10.0D0 4.0D0 1.0D0 0.0D0 0.0D0
127 10 11 0.0D0 10.0D0 5.0D0 1.000 0.0D0 0.0D0
128 10 11 0.0D0 10.0D0 6.0D0 1.0D0 0.0D0 0.0D0
129 10 11 0.0D0 10.0D0 7.0D0 1.0D0 0.000 0.0p0
130 10 11 0.0D0 10.0D0 8.0D0 1.0D0 0.0D0 0.0D0
131 10 11 0.0D0 10.0D0 9.0D0 1.0D0 0.0p0 0.0D0
132 10 11 0.0D0 10.0D0 10.CD0 1.0D0 0.0p0 0.0D0
1 1 1 121 0
END OF NNPLR(K)
1 120 1 1 1
ENu OF GNLR(1,1)
1 120 1 122 1
END OF GNLR(I,2)
1 9 1 1 12 133 122 2 13 136 123 1
11 9 1 12 23 144 133 13 24 145 134 1
21 9 1 23 34 155 144 24 35 156 145 1
31 9 1 34 45 166 155 35 46 167 156 1
41 9 1 45 56 177 166 46 57 178 167 1
51 o 1 56 67 188 177 57 68 189 178 1
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Table 2 (Continued)
61 9 1 67 78 199 188 68 79 200 189 1
71 9 1 78 89 210 199 79 90 211 200 1
81 9 1 89 100 221 210 90 101 222 211 1
91 9 1 100 111 232 221 101 112 233 222 1
END OF IE
1 10 11 10.0D0 0.0Dp0
2 10 1 9.0D0 0.0D0
3 10 1 8.0D0 0.0D0
4 10 11 7.0D0 0.0D0
5 10 1 - 6.0D0 0.0D00
6 10 11 5.0D0 0.0D0
7 10 11 4.0D0 0.0D0
8 10 11 31.0D0 0.0D0
9 10 11 2.0D0 0.0D0
100 10 11 1.0D0 0.0D0
11 10 11 0.0D0 0.0D0
122 10 11 10.0D0 0.0D0
123 10 11 9.0D0 0.0D0
1246 10 11 8.0D0 0.0D0
125 10 11 7.000 ° 0.0DO0
126 10 11 6.0D0 0.0D0
127 10 11 5.0D0 0.0D0
128 10 11 4.0D0 0.0D0
129 10 11 - 3.0D0. 0.0Dp0
130 10 11 2.000 0.0D0
131 10 11 1.0D0 0.0Dp0
132 10 11 0.0D0 0.0D0
END OF IC
0 0 0 0 0 0 0 0 0 0 0 0 0 0O 18 38
2 2 6 1 2
0.0D0 6.0D-3 1.0D38 6.0D-3
0.0D0 0.0D00 1.0D38 0.0Dp00
1 9 1 1 o
11 7 1 2 0
END OF IRTYP
1 9 1 11 22 142 132 11 11 11 11
11 7 1 120 241 242 121 -1 -1 -1 -1
END OF 1ISV(J,I) J=1,4
1 10 1 11 11
12 7 1 120 -1
20 10 1 132 11
31 7 1 241 -1
END OF NPVB
1 37 1 0.0D0 0.0D0

END OF HCON
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Table 2 (Continued)

1 37 1 -90.0D2 0.0D0
END OF HMIN
0.0D0 2.0D0 1.0D38 2.0D0
111 112 113 232 233 234
1 5 1 1 0
END OF IDTYP

END OF JOB

DIMENSION GNLR(242,2),LNOJCN(27,121,2)
| . DIMENSION CMTRXL(121,25),RLD(121)
| DIMENSION H(242) ,HP(242),HW(242) ,HT(242),VX(2462),VY(242),VZ(242)
‘ DIMENSION TH(8,100),DTH(8,100),AKR(8,100), NPCNV(242)
i DIMENSION DCOSB(3,240),1SB(6,240),NPBB(242) ,BFLX(242) ,BFLXP(242)
| DIMENSION SOS(1),SOSF(1,1),TSOSF(1,1),ISTYP(1),MSEL(1)
DIMENSION %WSS(L),WSSF(1,1),TWSSF(1,1), IWTYP(1),NPW(1)
DIMENSION QCB(1),QCBF(1,1),TQCBF(1,1)
DIMENSION ICTYP(1),ISC(5,1), NPCB(l)
DIMENSTON QNB(1),QNBF(1,1),TQNBF(1,1)
DIMENSION INTYP(1),ISN(S,1), NPNB(1)
DIMENSION RFALL(z)}gF(z.Z),Tar(z,z)
DIMENSION IRTYP(18),ISV(5,18), NPVB(38)
DIMENSION DCYFLX(38),FLX(38),HCON(38),HMIN(38)
DIMENSION NPFLX(38).&PCON(38),NPHIN(38)
, DIMENS}QNEHbE(l),HDBF(2,1),THDBF(2,1),IDTYP(6),NPDB(6)
DIMENSION PROP(6,1)
DIMENSION THPROP(S5,1),AKPROP(5,1)
DIMENSION KPR(1),KDSK(1),TDTCH(1)
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Corresponding to the above dimension specification, we mast make the
following data statements in BLOCK DATA to specify the maximum-control

integers:

DATA MAXEL,MAXNP,MAXBES ,MAXBNP,JBAND/100,242,240,242,27/
DATA MAXNTI,MXNDTC/1,1/

DATA LTMXNP,LMXNP,LMXBW,MXREGCN/242,121,25,2/

DATA MXSEL,MXSPR,MXSDP ,MXWNP ,MXWPR ,MXWDP/1,1.1,1,1,1/
DATA MXCNP,MXCES,MXCPR,MXCDP/1,1,1,1/

DATA MXNNP,MXNES,MXNPR,MXNDP/1,1,1,1/

DATA MXVES,MXVNP,MXVPR,MXVDP/18,38,2,2/

DATA MXDNP,MXDPR,MXDDP/6,1,2/

DATA MAXMAT ,MXSPPM,MXMPPM/1,5,6/

To reflect the soil property function given by Eqs. (115) and (116),

we have to modify the subroutine SPXOP given in Appendix A. Lines between

SPRO 405 and SPRO 535 in the subroutine SPROP must be modified according

to

WCR=-THPROP(1,MTYP)
WCS~THPROP (2 ,MTYP)
HAA=THPROP (3 ,MTYP)
THAA=THPROP (4 ,MTYP)
THBB~THPROP(5 ,MTYP)
POWER=AKPROP(1,MTYP)
DO 800 KG~1,8
HNP=HKG (KG)
HNP=-HNP

C -evvcvw- SATURATED CONDITION
IF(HNP.GT.0) GO TO 700

TH(KG,M)=WCS
AKR(KG,M)=1.0D0




ORNL-6386 130

DTH(KG,M)=-0.0D0

GO TO 800
c
C ------- UNSATURATED CASE
c
700 THMKG~WCS+(WCS-WCR)*THAA/(THAA+(DABS (-HNP-HAA) ) **THBB)
TH(KG, M)~-THMKG
AKR (KG, M)~ ( (THMKG -WCR) / (VCS -WCR) ) +*POWER
DNOM=THAA+(DABS ( -HNP-HAA) ) **THBB
DTH(KG,¥)=(WCS-UCR) *THAA* (DABS ( -HNP-THAA) ) ** (THBB - 1 . 0D0) /DNOM#**2
c

The pressure head simulated with 3DFEMWATER is plotted in Fig. 1l.
Numerical predictions of these pressure heads are in agreement with those
given by Huyakorn (1986). This verifies the one-step steady state
solution algorithm provided in 3DFEMWATER. The s]:ight difference between
IDFEMWATER and that of Huyakorn results from the implementation of the
variable boundary conditions. While 3DFEMWATER allows the whole amount of
flux to infiltrate if the media are capable to do so; the model given by
Hﬁfakorn only allows a fraction of flux to infiltrate as long as the

ponding depth condition is not violated.




131 ORNL-6386

ORNL-DWG 87-9587

Lo T 1T T 1
9 |- _
8 WATER TABLE —=
7 +— -
-~ b
E
NS
4
3
' 2
| 1
0

Fig. 11. Simulated steady state profiles of water table and
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drainage problem.
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6.3 Three-Dimensional Pumping Problem

This example is selected to represent the simulation of a three-
dimensional problem with 3CFEMWATER. The problem involves the steady
state flow to a pumping well. The region of interest is bounded on the
left and right by hydraulically connected rivers; on the front, back, and
bottom by impervious aquifuges; and on the top by an air-soil interface
(Fig. 12). A pumping well is located at (x,y) = (540,400) (Fig. 12).
Initially, the water table is assumed to be horizontal and is 60 m above
the bottom of the aquifer. The water level at the well is then lowered to
a height of 30 m. This height is held until a steady state condition is
reached. The medium in the region is assumed to be anisotropic and bave
saturated hydraulic conductivity components Kyy = 5 m/d, Kyy = 0.5 m/d,
and K,, = 2 m/d. The porosity of the medium is 0.25 and the field
capacity is 0.0125. The unsaturated characteristic hydraulic properties

of the medium are given as

1
and
g - 8 2
K. -r————‘,s R B (118)

where h,, o, and § are the parameters used to compute the water content

and the relative hydraulic conductivity.
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Because of the symmetry, the ragion for numerical simulation will be
taken as 0 < x < 1000 m, 0 <y <~ 400 m, and 0 < Z < 72 m. The boundary
conditions are given as: pressure head is assumed hydrostatic omn two
vertical planes located at x = 0 and 0 < z < 60, and x = 1000 and 0 < 2z <
60, respectively; no flux is imposed on all other boundaries of the flow
regime. A steady state solution will be sought. A pre-initial condition

is set as h =60 - z.

The region of interest is discretized with 20 x 8 x 10 = 1600 elements
resulting in 21 x 9 x 11 = 2079 node points. The nodes are located at x =
0, 70, 1206, 160, 200, 275, 350, 400, 450, 500, 540, 570, 600, 650, 750,
800, 850, 900, 950, and 1000 in the x-direction, and at z = 0, 15, 30, 35,
40, 45, 50, 55, 60, 66, and 72 m in the z-direction as reported by
Huyakorn et at (1986). In the y-direction, nodes are spaced evenly at Az
= 50 m. For 3DFEMWATER simulation, each of the nine vertical planes
perpendicular to the y-axis will be considered a subregion. Thus, a total
of 9 subregions, each with 231 node points, is used for the subregional

block iteration simulation.
The pressure head tolerance is 102 m for nonlinear iteration and is
5-103 m for block iteration. The relaxation factors for nonlinear

fteration and block iteration are set equal to 1.0 and 1.5, respectively.

With the above descriptions, the input data can be prepared according




to the instructions given in Sect. 5.3.

Table 3.

To execute the problem,
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dimensioned as

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

X(2079),Y(2079),2(2079) .1IE(1600,9)

ORNL-6386

The irput data are given in

the arrays in the main program should be

CMATRX(2079,27) ,GROJCN(27,2079) ,RLD(2079),R1(2079),RL(2079)

NINPLR(9) ,NRPLR(9) ,LMAXDF(9)
GNLR(693,9),LNOJCN(27,231,9)
CMTRXL(231,25),RLD(231)

H(2079) ,HP(2079) ,H¥(2079) ,HT(2079) ,VX(2079),VY(2079) ,VZ(2079)

TH(8,1600) ,DTH(8,1600) ,AKR(8,1600), NPCNV(2079)

DCOSB(3,880) ,1SB(6,880) ,NPBB(882) ,BFLX(882) ,BFLXP(882)

SOS(1),SOSF(1,1) ,TSOSF(1,1),1STYP(1) ,MSEL(1)
WSS(1),WsSSF(1,1) ,TWSSF(1,1) ,IWTYP(1) ,NPW(1)
QCB(1),QCBF(1,1),TQCBF(1,1)
ICTYP(1),ISC(5,1), NPCB(1)
QNB(1),QNBF(1,1),TQNBF(1,1)
INTYP(1),ISN(5,1), NPNB(1)
RFALL(1),RF(1,1),TRF(1,1)

IRTYP(1),1ISV(5,1), NPVB(1l)
DCYPLX(1),FLX(1) ,HCON(1) ,HMIN(1)

NPFLX(1) ,NPCON(1) ,NPMIN(1)

HDB(2) ,HDBF(2,2),THDBF(2,2) ,IDTYP(165) ,NPDB(165)
PROP(6,1)

THPROP(S5,1) ,AKPROP(5,1)
KPR(1),KDSK(1),TDTCH(1)

Corresponding to the above dimension specification, we must

make the
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Table 3. Input data for the three-dimensional pumping problem

3 SIMULATION OF THREE-D PUMPING WELL; L - M, T ~ DAY, M -~ KG 11
2079 1600 1 0- 0 0 5 6 1 0 T 5 20 3 100 9
0.05D0 0.0D0 1.0D0 20.0D0 1.0D-2 1.0D-2 1.0p0 7.316D10
1.1232D4 1.0D0 1.000 1.5D0
55
11
1.0D38
5.0D0 0.5D0 2.0D0 0.0D0 0.0D0 0.0Do
0.0125D0 0.250D0 0.00D0 0.5D0 2.0p0 THPROP
0.000D0 0.000D0 0.00D0 0.0D0 0.0p0 AKPROP
1 8 231 0.00D+00 0.00D+00 0.000+00 O0.00D+00 0.50D+02 0.00D+00
2 8 231 0.00D+00 0.00D+00 0.15D+02 0.00D+00 0.50D+02 0.00D+00
3 8 231 0.00D+00 0.00D+00 0.30D+02 0.00D+00 0.50D+02 0.00D+00
3 8 231 0.00D+00 0.00D+00 0.35D+02 0.00D+00 0.50D+02 0.00D+00)
5 8 231 0.00D+00 0.00D+00 0.40D+02 0.00D+00 0.5004+02 0.00D+00
6 8 231 0.00D+00. 0_.00D+00 0.45D4+02 0.00D+00 0.50D+02 0.00D+00
7 8 231 0.00D+00 0.00D+00 0.50D+02 0.00D+00 0.50p+02 O0.00D+00
8 8 231 0.00D+00 0.00D+00 0.55D+02 0.00D+00 0.50D+02 0.00D+00
9 8 231 0.00D+00 0.00D+00 0.60D+02 0.00D+00 0.500+02 0.00D+00
10 8 231 0.00D+00 G.00D+00 0.66D+02 0.00D+00 0.50D+02 0.00D+00
11 8 231 0.00D+00 0.00D+00 0.72D+02 0.00D+00 0.50D+02 O.00D+00
12 8 231 0.70p+02 0.00D+00 0.00D+00 0.00D+00 0.50D+02 0.00D+00
13 8 231 0.70D+02 0.00D+00 0.15D+02 0.00D+00 0.50D+02 0.00D+00
14 8 231 0.70p+02 0.00D+00 0.30D+02 0.00D+00 0.500+02 0.00D+00
15 8 211 0.70D+02 0.00p+00 0.35D+02 0.00D+00 0.50D+02 0.00D+00
16 8 231 0.70D+02 0.00D+00 0.40D3+02 0.00D+00 0.50D+02 0.00D+00
17 8 231 0.70D+02 0.00D+00 0.45D+02 0.00D+00 0.50D+02 0.00D+00
18 8 231 0.70D+02 0.00D+00 0.50D+02 0.00D+00 0.50D+02 0.00D+00
19 8 231 0.70D+02 0.00D+00 0.55D+02 0.00D+00 0.50D+02 O.00D+00
20 8 231 0.70D+02 0.00D+00 0.60D+02 0.00D+00 ©0.50D+02 0.00D+00
21 8 231 0.70D+02 0.00D+00 0.66D+02 0.00D+00 0.50D+02 0.00D+00
22 8 231 0.70D+02 0.00p+00 0.72D+02 0.00D+00 0.50D+02 ©.00D+00
23 8 231 0.12p+03 0.00D+00 0.00D+00 0.00D+00 0.50D+02 O0.00D+00
24 8 231 0.12D+03 0.00D+00 0.15D+02 0.00D+00 0.50D+02 0.00D+00
25 8 231 0.12p+03 ©0.00D+00 0.30D+02 0.00D+00 0.50D+02 0.00D+00
26 8 231 0.12D+03 0.00D+00 0.35D+02 0.00D+00 0.50D+02 0.00D+00
27 8§ 231 0.12p+03 0.00pD+00 0.40D+02 0.00D+00 0.500+02 0.00D+00
28 8§ 231 0.12p+03 0.00D+00 0.45D+02 0.00D+00 0.50D+02 0.00D+00
29 8 231 0.12D+03 0.00D+00 0.50D+02 0.00D+00 0.50D+02 0.00D+00
30 8 231 0.12p+03 0.00D+00 0.55D+02 0.00D+00 0.50D+02 O.00D+00
31 8 231 0.12D+03 0.00D+00 0.60D+02 90.00D+00 0.50D+02 0.00D+00
32 8 231 C.12D+03 0.00D+00 0.66D+02 0.00D+00 0.50D+02 0.00D+00
KX 8 231 ¢.12p+03 0.00D+00 0.72D+02 0.00D+00 0.50D+02 0.00D+00
34 8 231 0.16D+03 0.00D+00 0.00D+00 0.00D+00 ©0.50D+02 0,00D+00
35 8 2311 0.16D+03 C.00D+00 0.15D+02 0.00D+00 0.50D+02 0.00D+00
36 8 231 0.16D+03 0.00D+00 0.30D+02 0.00D+00 0.50D+02 0.00D+00
37 8 231 0.16D+03 0.00D+00 0.35D+02 0.00D-00 0.500+02 0.00D+00
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38 8 231 0.16D+03 0.00D+00 0.40D+02 0.00D+00 0.50D+02 0.00D+00
39 8 231 0.16D+03 0.00D+00 0.45D+02 0.000+00 0.50D+02 0.00D+00
40 8 231 0.16D+03 0.00D+00 0.500+02 0.00D+00 0.50D+02 O.00D+00
41 8 231 0.16D+03 0.00D+00 0.55D+02 0.00D+00 0.50D+02 0.00D+00
42 8 231 0.16D+03 0.00D+00 0.60D+02 0.00D+00 0.50D+02 O0.00D+00
43 8 231 0.16D+03 0.00D+00 0.66D+02 0_.00D+00 0.50D4+02 0.00D+00
44 8 231 0.16D+03 0.00D+00 0.72D+02 0.COD+00 0.50D+02 0.00D+00
45 8 231 0.20D+03 0.00D+00 0.00D+00 0.00D+00 0.50D+02 0.00D+00
46 8 231 0.20D+03 0.00D+00 0.15D+02 0.00D+00 0.50D+02 0.00D+00
47 8 231 0.20D+03 0.00D+00 0.30D+02 0.00D+00 0.50D+02 0.00D+00
48 8 231 0.20p+03 0.00D+00 ©0.35D+02 0.00D+00 ©0.50D+02 0.00D+00
49 8 231 0.20D+03 0.00D+00 0.40D+02 0.00D+00 0.50D+02 0.00D+00
50 8 231 0.200+03 0.00D+00 0.:5D+02 0.00D+00 0.50D+02 O0.00D+00
51 8 231 0.20D+03 0.00D+00 0.50D+02 0.00D+00 0.50D+02 O0.COD+00
52 8 231 0.20p+03 0.00D+00 0.55D+02 ©0.00D+00 0.50D+02 0.00D+00
53 8 231 0.20D0+03 0.00D+00 0.60D+02 0.00D+00 0.50D+02 O0.00D+00
54 8 231 0.20D+03 0.00D+00 0.66D+02 0.00D+00 0.50D+02 0.00D+00
55 8 231 0.20D+03 0.00D+00 0.72D+02 0.00D+00 0.50D+02 0.00D+00
56 8 231 0.28D+03 0.00D+00 0.00D+00 0.00D+00 0.50D+02 0.00D+00
57 8 231 0.28pD+03 0.00D+00 0.15D+02 0.00D+00 0.50D+02 0.00D+00
58 8 231 0.28pD+03 0.00D+00 0.30D+02 0.00D+00 0.50D+02 0.00D+00
59 8 231 0.28p+03 0.00D+00 0.35D+02 0.00D+00 0.50D+02 0.00D+00
60 8 231 0.28D+03 0.00D+00 0.40D+02 0.00D+00 0.50D+02 0.00D+00
61 8 231 0.28D+03 0.00D+00 0.45D+02 0.00D+00 0.50D+02 0.00D+00
62 8 231 0.28pD+03 0.00D+00 0.50D+02 0.00D+00 0.50D+02 0.00D+00
63 8 231 0.28D+03 0.00D+00 0.55D+02 0.00D+00 0.50D+02 0.00D+00
64 8 231 0.28D+03 0.00D+00 0.60D+02 0.00D+00 0.50D+02 0.00D+00
65 8 231 0.28D+03 0.00D+00 0.66D+02 0.00D+00 0.50D+02 0.00D+00
66 8 231 0.28D+03 0.00D+00 0.72D+02 0.00D+00 0.50D+02 0.00D+00
67 8 231 0.35D+03 0.00D+00 0.00D+00 0.00D+00 O0.50D+02 0.00D+00
68 8 231 0.35D+03 0.00D+00 0.15D+02 0.00D+00 0.50D+02 0.00D+00
69 8 231 0.35D+03 0.00D+00 0.30D+02 0.00D+00 0.50D+02 0.00D+00
70 8 231 0.35D+03 0.00D+00 0.35D+02 0.00D+00 0.50D+02 0.00D+00
71 8 231 0.35D+03 0.00D+00 0.40D+02 0.00D+00 0.50D+02 0.00D+00
72 8 231 0.35D+03 0.00D+00 0.45D+02 0.00D+00 0.50D+02 0.00D+00
73 8 231 0.35D+03 0.00D+00 0.50D+02 0.00D+00 0.50D+02 0.00D+00
74 8 231 0.35D+03 0.00D+00 0.55D+02 0.00D+00 0.50D+02 0.00D+00
75 8 231 0.35D+03 0.00D+00 0.60D+02 0.00D+00 0.50D+02 9.00D+00
76 8 231 0.35D+03 0.00D+00 0.66D+02 0.00D+00 0.50D+02 0.00D+00
77 8 231 0.35p+03 0.00D+00 0.72D+02 0.00D+00 0.50D+02 0.00D+00
78 8 231 0.40D+03 0.00D+00 0.00D+00 0.00D+00 0.50D+02 0.00D+00
79 8 231 0.40D+03 0.00D+00 0.15D+02 0.00D+00 0.50D+02 0.00D+00
80 8 231 0.40D+03 0.00D+00 0.30D+02 0.00D+00 0.50D+02 0.00D+00
81 8 231 0.40D+03 0.00D+00 0.35D+02 0.00D+00 0.50D+02 0.00D+00
82 8 231 0.40D+03 0.00D+00 0.40D+02 0.00D+00 0.50D+02 0.00D+00
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83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

30 0D 0D CO D OO OD CO G0 OO Cn OO Co OO OO 0D OO 0 OO OO 00 OO OO €D €D OO0 €0 0D OO0 B 0 0 CO O R B O OO Mo WX®

231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231

5000000000000 O0DOCOO0O0OIDIDOODO0O0O00OLOLO0O0L0O0O0O0O00O0OO0O

.40D+03
.40D+03
.40D+03
.40D+03
.40D+03
.40D+03
.45D+03
.45D+03
.45D+03
.45D+03
.65D+03
.45D+03
.45D+03
.45D+03
.45D+03
.45D+03
.45D+03
.50+ 03
.50D+03
.50D+03
.50D+03
.50D+03
.50D+03
~50D+03
.50D+03
.50D+03
.50D+03
.50D0+03
.54D+03
.54D+01
.54D+03
.54D+03
.54D+03
.54D+03
.54D+03
.54D+03
.54D+03
.54D+03
.54D+03
.97D+03
.57D+03
.57D+03
.57D+03
.57D+03
.570+03

C0O0OCCO000O000O00O0ODO0OO0OOO0O0OODOOO0OO0O0OLOOOORLOLOOOO0OOODOOOCO0OOO

.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00

0000000000000 OOO0OOO0O0OLOOO0OLOOLOOOODO0O0OCOCOOCO

.45D+02
.50D+02
.55D+02
.60D+02
.66D+02
.72D+02
.00D+00
.15D+02
.30D+02
.35D+02
.50D+02
.45D+02
.50D+02
.55D+02
.60D+02
.66D+02
.712D+02
.00D+00
.15D+02
.30D+02
.35D+02
.40D+02
.45D+02
.50D+02
.55D+02
.60D+02
.66D402
.72D+02
.00D+00
.15D+02
.30p+02
.35D+02
.40D+02
.45D+02
.50D0+02
.55D+02
.60D+02
.66D+02
.72D+02
.00D+00
. 150402
.30D+02
.35D+02
.40D+02
.45D+02

0000000000000 O00O0ODOCOOOOOEOOOOO0OOOLOOLOCOOOOC

.00D+00
.00D+00
.00D+00

00D+00

.00D+00
.00D+00
.00D+00
.00D:00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00

0000000000000 O000O0O0OOO0OO0O0OLOOOOOOO0O0O0O0O000OOO

.50D+02
.50D+02
.50D+02
.50D+02
.50D+02
. 50D+02
.50D+02
.50D+02
.50D+02
.50D+02
.50D4+02
.50D+02
.50D+02
. S0D+02
. 50D+02
.50D+02
.S0D+02
. 50D+02
. 50D+02
.50D+02
.50D+92
.50D+02
.50D+02
.50D+02
. 50D+02
. 50D+02
.50D+02
.50D+02
. 50D+02
. 50D+02
. 50D+02
.50D+02
.50D+02
.50D+02
.50D+02
.50D+02
.50D+02
.50D+02
.50D+02
.50D+02
.50D+02
.50D+02
.50D+02
.50D+02
.500+02

.00D+00
.00D300
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
,00D+00
.00D+00
.00D+00
.00D+00
.00D+00
,00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
.00D+00
0.00D+00

0000000000000 OOOOO0O0OO00O0OO0O0OO0OO0O0O0OLO0O0O0OO0OC
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128 8 231 0.57D+03 0.00D+00 O0.50D+02 O0.00D+00 0.50D+02 O.00D+00
129 8 231 0.57D+03 0.00D+C0 0.55D+02 0.00D+00 0.50D+02 0.00D+00
130 8 231 0.57D+03 0.00D+00 0.60D+02 0.00D+00 0.50D+02 O0.00D+00
131 8 231 0.57D+03 0.00D+00 0.66D+02 0.00D+00 0.50D+02 0.00D+00
132 8 231 0.57D+03 0.00D+00 0.72D+02 0.00D+00 0.50D+02 0.00D+00
133 8 2Z31 0.60D+03 0.00D+00 0.00D+00 0.00D+00 0.50D+02 0.00D+00
134 8 231 0.60D+03 0.00D+00 0.15D+02 0.00D+00 O0.50D+02 O.00D+00
135 8 231 0.60D+03 0.00D+00 0.30D+02 O0.00D+00 0.50D+02 0.00D+00
136 8 231 0.60D+03 0.00D+00 0.35D+02 0.00D+00 0.50D+02 0.00D+00
137 8 231 0.60D+03 0.00D+00 0.40D+02 0.00D4+00 0.50D+02 O.00D+00
138 8 231 0.60D+03 0.00D+00 0.45D+02 0.00D+00 0.50D+02 O.00D+00
‘139 8 231 0.60D+03 0.00D+00 O0.50D+02 0.00D+00 0.50D+02 0.00D+00
140 8 231 0.60D+03 0.00D+00 0.55D+02 0.00D+00 0.50D+02 O0.00D+00
141 8 231 0.60D+03 0.00D+00 0.60D+02 0.00D+00 0.50D+02 O0.00D+00
142 8 231 0.60D+03 0.00D+00 0.66D+02 0.00D+00 0.50D+02 O0.00D+00
143 8 231 0.60D+03 0.00D+00 0.72D+02 0.00D4+00 0.50D+02 O0.00D+00
144 8 231 0.65D+03 0.00D+00 O0.00D+00 0.00D+00 0.50D+02 0.00D+00
145 8 231 0.65D+03 0.00D+00 0.15D+02 0.00D+00 0.50D+02 O0.00D+00
146 8 231 0.65D+03 0.00D+00 0.30D+02 0.00D+00 0.50D+02 0.00D+00
147 8 231 0.65D+03 0.00D+00 0.35D+02 0.00D+00 0.50D+02 O.00D+GO
148 8 231 0.65D+03 0.00D+00 0.40D+02 0.00D+00 0.50D+02 O0.00D+00
149 8 231 0.65D+03 0.00D+00 0.45D+02 0.00D+00 0.50D+02 0.00D+00
i50 8§ 231 0.65D+03 0.00D+00 O0.50D+02 0.00D+00 O0.50D+02 O0.00D+00
151 8 231 0.65D+03 0.00D+00 0.55D+02 0.00D+00 0.50D+02 O.00D+O]
152 8 231 0.65D+03 0.00D+00 0.60D+02 0.00D+00 0.50D+02 0.00D+00
153 8§ 231 0.65D+03 0.00D+00 0.66D+02 0.00D+00 0.50D+02 O0.00D+0
154 8 231 0.65D+03 0.00D+00 0.72D+02 0.00D+00 0.50D+02 O0.06+00
155 8 231 0.70D+03 0.00D+00 0.00D+00 0.00D+00 0.50D+02 O.00D+00
156 8 231 0.70D+03 0.00D+00 0.15D+02 0.00D+00 0.50D+02 O.00D+00
157 8§ 231 0.70D+03 0.00D+00 0.30D+02 0.00D+00 0.50D+02 0,00D+00
158 8§ 231 0.70D+03 0.00D+00 0.35D+02 0.00D+00 0.50D+02 O.00D+00
159 8 231 0.70D+03 0.00D+00 0.40D+02 O0.00D+00 0.50D+02 0.00D+00
160 8 231 0.70D+03 0.00D+00 0.45D+02 0.00D+00 0.50D+02 O0.00D+00
161 8 231 0.70D+03 0.00D+00 0.50D+02 0.00D+00 0.50D+02 0.00D+00
162 8 231 0.70D+03 0.00D+00 0.55D+02 0.00D+00 0.50D+02 O.00D+00
163 8 231 0.70D+03 0.00D+00 0.60D+02 0.00D+00 0.50D+02 O.00D+00
164 8 231 0.70D+03 0.00D+00 0.66D+02 0.00D+00 O0.50D+02 O.00D+0C
165 8 231 0.70D+03 0.00D+00 0.72D+02 0.00D+00 O,.50D+02 O0.00D+00
166 8 231 0.75D+03 0.00D+00 0.00D+00 0.00D+00 O0.50D+02 O.00D+00
167 8 231 0.75D+03 0.00D+00 0.15D+02 0.00D+00 O0.50D+02 O.00D+00
168 8 231 0.75D+03 0.00D+00 0.30D+02 0.00D+00 O0.50D+02 O0.00D+00
169 8 231 0.75D+03 0.00D+00 0.35D+02 0.00D+00 0.50D+02 O.00D+00
170 8 231 0.75D+03 0.00D+00 0.400+02 0.00D+00 0.50D+02 0,00D+00
171 8 231 0.75D+03 0.00D+00 O,45D+02 0.00D+00 0.50D+02 0,00D+00
172 8§ 231 0.75D+03 0.00D+00 0,50D+02 0.00D+00 0.50D+02 O,00D+00
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173 8 231 0.75D+03 0.00D+00 0.55D+02 0.00D+00 0.50D+02 0.00D+00
174 8 231 0.75D+03 0._00D+00 O._60D+02 0.00D+0C 0.50D+02 0.00D+00
175 8 231 0.75D+03 0.00D+00 0.66D+02 0.00D+00 0.50D+02 0.00D+00
176 8 231 0.75D+03 0.06D+00 0.72D+02 0.00D+00 0.50D+02 0.00D+00
177 8 231 0.80D+03 0.00D+00 0.00D+00 0.00D+00 0.50D+02 0.00D+00
178 8 231 0.80D+03 0.00D+00 O0.15D+02 0.00D+00 O0.50D+02 0.00D+00
179 8 231 0.80D+03 C.00D+00 0.30D+02 0.00D+00 0.50D+02 0.00D+00
180 8 231 0.80D+03 0.00D+00 0.35D+02 0.00D+00 O.50D+02 0.00D+00
181 8§ 231 0.80D+03 0.00D+00 0 .40D+02 0.00D+00 0.50D+02 0.00D+00
182 8 231 0.80D+03 0.00D+00 0.45D+402 0.00D+00 O.50D+02 0.00D+00
183 8 231 0.80D+03 0.00D+00 0.50D+02 0.00D+00 O0.50D+02 0.00D+00
184 8 231 0.80D+03 0.00D+00. 0.55D+02 0.00D+00 0.50D+02 ©0.00D+00
185 8 231 0.80D+03 0.00D+00 0.60D+02 0.00D+00 0.50D+02 0.00D+00
186 8 231 0.80D+03 O0.00D+00 0.66D+02 0.00D+00 0.50D+02 0.00D+00
187 8 231 0.80D+03 0.00D+00 0.72D+02 0.00D+00 0.50D+02 O0.00D+00
188 8 231 0.85D+03 0.00D+00 0.00D+00 0.90D+00 0.50D+02 0.00D+00
189 8 231 0.85D+03 0.00D+00 0.15D+02 0.00D+00 0.50D+02 0.00D+00
190 8 231 0.85D+03 0.00D+00 0.30D+02 0.00D+00 0.50D+02 0.00D+00
191 8 231 0.85D+03 0.00D+00 0.35D+02 0.00D+00 0.50D+02 0.00D+00
192 8 231 0.85D+03 0.00D+00 0.40D+02 0.00D+00 0.50D+02 0.00D+00
193 8 231 0.85D+03 0.00D+00 0.45D+02 0.00D+00 0.50D+02 0.00D+00
194 8 231 0.85D+03 0.00D+00 0.50D+02 0.00D+00 0.50D+02 0.00D+00
195 8 231 0.85D+03 0.00D+00 ©0.55D+02 0.00D+00 O0.50D+02 0.00D+00
196 8 231 0.85D+03 0.00D+00 0.60D+02 0.00D+00 0.50D+02 ©0.00D+00
197 8 231 ¢ 85D+03 0.00D+00 0.66D+02 0.00D+00 0.50D+02 0.00D+00
198 8 231 0.85D+03 0.00D+00 0.72D+02 0.00D+00 0.50D+02 0.00D+00
199 8 231 0.90D+03 0.00D+00 0.00D+00 0.00D+00 0.50D+02 0.00D+00
200 8 231 0.90D+03 0.00D+00 0.15D+02 0.00D+00 0.50D+02 0.00D+00
201 8 231 0.30D+03 0.00D+00 0.30D+02 0.00D+00 0.50D+02 0.00D+00
202 8 231 0.90D+03 0.00D+00 0.35D+02 0.00D+00 0.50D+02 0.00D+GO
203 8 231 0.90D+03 0.00D+00 0.40D+02 0.00D+00 0.50D+02 0.00D+00
204 8 231 0.90D+03 0.00D+00 0.45D+02 0.00D+00 0.50D+02 0.00D+00
205 8. 231 0.90D+03 0.00D+00 0.50D+02 0.00D+00 ©.50D+02 0.00D+00
206 8 231 0.90D+03 0.00D+00 0.55D+02 ©0.00D+00 0.50D+02 0.00D+00
207 8 231 0.90D+03 0.00D+00 0.60D+02 0.00D+00 0.50D+02 0.00D+00
208 8 231 0.90D+03 0.00D+00 0.66D+02 0.00D+00 O.50D+02 0.00D+00
- 209 8 231 0.90D+03 0.00D+00 0.72D+02 0.00D+00 0.50D+02 0.00D+00
210 8 231 0.95D+03 0.00D+00 0.00D+00 0.00D+00 O0.50D+02 0.00D+00
211 8 231 0.95D+03 0.00D400 0.15D+02 0.00D+00 0.50D+02 0.00D+00
212 8 231 0.95D+03 0.00D+00 0.30D+02 0.00D+00 0.50D+02 0.00D+00
213 8 231 0.95D+03 0.00D+00 0.35D+02 0.00D+00 0.50D+02 0.00D+00
214 8 231 0.95D+03 0.00D+00 0.40D+02 0.00D+00 0.50D+02 0.00D+00
215 8 231 0.95D+03 0.00D+00 ©0.45D+02 0.00D+00 0.50D+02 0.00D+00D
216 8§ 231 0.95D+03 0.00D+00 ©0.50D+02 0.00D+00 0.50D+02 0.00D+00
217 8 231 0.95D+03 0.00D+00 0.55D+02 0.00D+00 0.50D+02 0.00D+00
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218 8 231 0.95D+03 0.00D+00 0.60D+02 0.00D+00 0.50D+02 0.00D+00
219 8 231 0.95D+03 0.00D+00 0.66D+02 0.00D+00 0.50D+02 0.00D+00
220 8 231 0.95D+03 0.00D+00 0.72p+02 0.00D+00 0.50D+02 0.00D+00
221 8 23 0.10D+04 0.00D+00 0.00D+00 0.00D+00 O0.50D+02 0.00D+00
222 8 231 0.10p+04 0.00D+00 0.15D+02 0.00D+00 0.50D+02 0.00D+00
223 8 231 0.10D+04 0.00D+00 0.30D+02 0.00D+00 0.50D+02 0.00D+00
224 8 231 0.10D+04 0.00D+00 0.35D+02 O0.00D+00 0.50D+02 0.00D+00 -
225 8§ 231 0.1Cb+04 0.00D+00 0.40D+02 0.00D+00 0.50D+02 0.00D+00
226 8 231 G.10D+04 0.00D+00 0.45D+02 0.00D+00 0.50D+02 0.00D+00
227 8 231 0.10D+04 0.00D+00 0.50D+02 0.00D+00 0.50D+02 0.00D+00
228 8 231 0.10D+04 O0.00D+00 0.55D+02 0.00D+00 0.50D+02 0.00D+00
229 8 231 0.10D+04 0.00D+00 0.60D+02 0.00D+00 0.50D+02 0.00D+00
230 8 231 0.10p+04 0.00D+00 0.66D+02 0.00D+00 0.50D+02 0.00D+00
231 8 231 0.10D+04 0.00D+00 0.72D+02 0.00D+00 0.50D+02 0.00D+00
END OF COORDINATE
1 8 1 231 0
END OF NNPLR(9)
1 230 1 1 1
END OF GNLR(I,1)
1 230 1 232 1
END OF GNLR(I,2)
1 230 1 463 1
END OF GNLR(I,3)
1 230 1 694 1
END OF GNLR(I1,4)
1 230 1 925 1
END OF GNLR(I,5)
1 230 1 1156 1
END OF GNLR(I,6)
1 230 1 1387 1
END OF GNLR(I,7)
1 230 1 1618 1
END OF GNLR(I,8)
1 230 1 1849 1
END OF GNLR(I,9)
1 9 1 1 12 13 2 232 243 244 233 1
11 9 1 12 23 24 13 243 254 255 244 1
21 9 1 23 34 35 24 254 265 266 255 1
31 9 1 34 45 46 35 265 276 277 266 1
41 9 1 45 56 57 46 276 287 288 277 1
51 9 1 56 67 68 57 287 298 299 288 1
61 9 1 67 78 79 68 298 309 310 299 1
71 9 1 78 89 90 79 309 320 321 310 1
81 9 1 89 100 101 90 320 331 332 321 1
91 9 1 100 111 112 101 331 342 343 332 1
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101 9 1 111 122 123 112 342 353 354 343 1
111 9 1 122 133 134 123 353 364 365 1354 1
121 9 1 133 144 145 134 364 375 376 365 1
131 9 1 144 155 156 145 375 386 387 1376 1
141 9 1 155 166 167 156 386 397 398 1387 1
151 9 1 166 177 178 167 1397 408 409 398 1
161 9 1 177 188 189 178 408 419 420 409 1
171 9 1 188 199 200 189 419 430 431 420 1
181 9 1 199 210 211 200 430 441 442 431 1
191 9 1 210 221 222 211 441 452 453 442 1
201 9 1 232 243 244 233 463 474 475 464 1
211 9 1 243 254 255 244 474 485 486 475 1
221 9 1 254 265 266 255 485 496 497 486 1
231 S 1 265 276 277 266 496 507 508 497 1
241 9 1 276 287 288 277 507 518 519 508 1
251 9 1 287 298 299 288 518 529 530 519 1
261 9 1 298 309 310 299 529 540 541 530 1
271 9 1 309 320 321 310 540 551 552 541 1
281 9 1 320 331 332 321 551 562 563 552 1
291 9 1 331 342 343 332 562 573 574 563 1
301 9 1 342 353 354 343 573 584 585 574 1
311 9 1 353 364 365 354 584 595 596 585 1
321 9 1 3646 375 376 365 595 606 607 596 1
331 9 1 375 386 387 376 606 617 618 607 1
341 9 1 386 397 398 387 617 628 629 618 1
351 9 1 397 408 409 378 628 639 640 629 1
361 9 1 408 419 420 409 639 650 651 640 1
371 9 1 419 430 431 420 650 661 662 651 1
381 9 1 430 441 442 431 661 672 673 662 1
391 9 1 441 452 453 442 672 683 684 673 1
401 9 1 463 474 475 464 6946 705 706 695 1
411 9 1 474 485 486 475 705 716 717 706 1
421 9 1 485 496 497 486 716 727 728 717 1
431 9 1 496 507 S08 497 727 738 739 728 1
441 9 1 507 518 519 508 738 749 750 739 1
451 9 1 518 529 530 519 749 760 761 750 1
461 9 1 529 540 541 530 760 771 772 761 1
471 9 1 540 551 552 541 771 782 783 772 1
481 9 1 551 562 563 552 782 793 794 783 1
491 9 1 562 573 574 563 793 B804 805 794 1
501 9 1 573 584 585 574 804 815 816 805 1
511 9 1 584 595 596 585 815 826 827 816 1
521 9 1 595 606 607 596 826 837 838 827 1
531 9 1 606 617 618 607 837 848 849 838 1
541 9 1 617 628 629 618 848 859 860 849 1



143

Table 3 (Continued)

ORNL-6386

551 9 1 628 639 640 6239 859 870 871 860 1
561 9 1 639 650 651 640 870 881 882 871 1
571 9 1 650 661 662 651 881 892 893 882 1
581 9 1 661 672 673 662 892 903 904 893 1
591 9 1 672 683 684 673 903 914 915 904 1
601 9 1 694 705 706 695 925 936 937 926 1
611 9 1 705 716 717 706 936 947 948 937 1
621 9 1 716 727 728 717 947 958 959 948 1
631 9 1 727 738 739 728 958 969 970 959 1
641 9 1 738 749 750 739 969 980 981 970 1
651 9 1 749 760 761 750 980 991 992 981 1
661 9 1 760 771 772 761 991 1002 1003 992 1
671 9 1 771 782 783 772 1002 1013 1014 1003 1
681 9 1 782 793 794 783 1013 1024 1025 1014 1
691 9 1 793 804 805 794 1024 1035 1036 1025 1
701 9 1 804 815 816 805 1035 1046 1047 1036 1
711 9 1 815 826 827 816 1046 1057 1058 1047 1
721 9 1 826 837 838 827 1057 1068 1069 1058 1
731 9 1 837 848 849 838 1068 1079 1080 1069 1
741 9 1 848 859 860 849 1079 1090 1091 1080 1
751 9 1 859 870 871 860 1090 1101 1102 1091 1
761 9 1 870 881 882 87' 1101.1112 1113 1102 1
771 9 1 881 892 893 882 1112 1123 1124 1113 1
781 9 1 892 903 904 893 1123 1134 1135 1124 1
791 9 1 903 914 915 904 1134 1145 1146 1135 1
801 9 1 925 936 937 926 1156 1167 1168 1157 1
811 9 1 936 947 948 937 1167 1178 1179 1168 1
821 9 1 947 958 959 948 1178 1189 1190 1179 1
831 9 1 958 969 970 959 1189 1200 1201 1190 1
84l 9 1 969 980 981 970 1200 1211 1212 1201 1
851 9 1 980 991 992 981 1211 1222 1223 1212 1
861 9 1 991 1002 1003 992 1222 1233 1234 1223 1
871 9 1 1002 1013 1014 1003 1233 1244 1245 1234 1
881 9 1 1013 1024 1025 1014 1244 1255 1256 1245 1
891 9 1 1024 1035 1036 1025 1255 1266 1267 1256 1
901 9 1 1035 1046 1047 1036 1266 1277 1278 1267 1
911 9 1 1046 1057 1058 1047 1277 1288 1289 1278 1
921 9 1 1057 1068 1069 1058 1288 1299 1300 1289 1
931 9 1 1068 1079 1080 1069 1299 1310 1311 1300 1
941 9 1 1079 1090 1091 1080 1310 1321 1322 1311 1
951 9 1 1090 1101 1102 1091 1321 1332 1333 1322 1
961 9 1 1101 1112 1113 1102 1332 1343 1344 1333 1
971 9 1 1112 1123 1124 1113 1343 13564 1355 1344 1
981 9 1 1123 1134 1135 1124 1354 1365 1366 1355 1
991 9 1 1134 1145 1146 1135 1365 1376 1377 1366 1
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1001 9 1 1156 1167 1168 1157 1387 1398 1399 1388 1
1011 9 1 1167 1178 1179 1168 1398 1409 1410 1399 1
1021 9 1 1178 1189 1190 1179 1409 1420 1421 1410 1
1031 9 1 1189 1200 1201 1190 1420 1431 1432 1421 1
1041 9 1 1200 1211 1212 1201 1431 1442 1443 1432 1
1051 9 1 1211 1222 1223 1212 1442 1453 1454 1443 1
1061 9 1 1222 1233 1234 1223 1453 1464 1465 1454 1
1071 9 1 1233 1244 1245 1234 1464 1475 1476 1465 1
1081 9 1 1244 1255 1256 1245 1475 1486 1487 1476 1
1091 9 1 1255 1266 1267 1256 1486 1497 1498 1487 1
1101 9 1 1266 1277 1278 1267 1497 1508 1509 1498 1
1111 9 1 1277 1288 1289 1278 1508 1519 1520 1509 1
1121 9 1 1288 1299 1300 1289 1519 1530 1531 1520 1
1131 9 1 1299 1310 1311 1300 1530 1541 1542 1531 1
1141 9 1 1310 1321 1322 1311 1541 1552 1553 1542 1
1151 9 1 1321 1332 1333 1322 1552 1563 1564 1553 1
1161 9 1 1332 1343 1344 1333 1563 1574 1575 1564 1
1171 9 1 1343 1354 1355 1344 1574 1585 1586 1575 1
1181 9 1 1356 1365 1366 1355 1585 1596 1597 1586 1
1191 9 1 1365 1376 1377 1366 1596 1607 1608 1597 1
1201 9 1 1387 1398 1399 1388 1618 1629 1630 1619 1
1211 9 1 1398 1409 1410 1399 1629 1640 1641 1630 1
1221 9 1 1409 1420 1421 1410 1640 1651 1652 1641 1
1231 9 1 1420 1431 1432 1421 1651 1662 1663 1652 1
1241 9 1 1431 1442 1443 14632 1662 1673 1674 1663 1
1251 9 1 1442 1453 1454 1443 1673 1684 1685 1674 1
1261 9 1 1453 1464 1465 1454 1684 1695 1696 1685 1
1271 9 1 1464 1475 1476 1465 1695 1706 1707 1696 1
1281 9 1 1475 1486 1487 1476 1706 1717 1718 1707 1
1291 9 1 1486 1497 1498 1487 1717 1728 1729 1718 1
1301 9 1 1497 1508 1509 1498 1728 1739 1740 1729 1
1311 9 1 1508 1519 1520 1509 1739 1750 1751 1740 1
1321 9 1 1519 1530 1531 1520 1750 1761 1762 1751 1
1331 9 1 1530 1541 1542 1531 1761 1772 1773 1762 1
1341 9 1 1541 1552 1553 1542 1772 1783 1784 1773 1
1351 9 1 1552 1563 1564 1553 1783 1794 1795 1784 1
1361 9 1 1563 1574 1575 1564 1794 1805 1806 1795 1
1371 9 1 1574 1585 1586 1575 1805 1816 1817 1806 1
1381 9 1 1585 1596 1597 1586 1816 1827 1828 1817 1
1391 9 1 1596 1607 1608 1597 1827 1838 1839 1828 1
1401 9 1 1618 1629 1630 1619 1849 1860 1861 1850 1
1411 9 1 1629 1640 1641 1630 1860 1871 1872 1861 1
1421 9 1 1640 1651 1652 1641 1871 1882 1883 1872 1
1431 9 1 1651 1662 1663 1552 1882 1893 1894 1883 1
1441 9 1 1662 1673 1674 1663 1893 1904 1905 1894 1
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1451 9 1 1673 1684 1685 1674 1904 1915 1916 1905 L
1461 9 1 1684 1695 1696 1685 1915 1926 1927 1916 1
1471 9 1 1695 1706 1707 1696 1926 1937 1938 1927 1
1481 9 1 1706 1717 1718 1707 1937 1948 1949 1938 1
1491 9 1 1717 1728 1729 1718 1948 1959 1960 1949 1
1501 9 1 1728 1739 1740 1729 1959 1970 1971 1960 1
1511 9 1 1739 1750 1751 1740 1970 1981 1982 1971 1
1521 9 1 1750 1761 1762 1751 1981 1992 1993 1982 1
1531 9 1 1761 1772 1773 1762 1992 2003 2004 1993 1
1541 9 11772 1783 1784 1773 2003 2014 2015 2004 1
1551 9 1 1783 1794 1795 1784 2014 2025 2026 2015 1
1561 9 1 1794 1805 1806 1795 2025 2036 2037 2025 1
1571 9 1 1805 1816 1817 1806 2036 2047 2048 2037 1
1581 9 1 1816 1827 1828 1817 2047 2058 2059 2048 1
1591 9 1 1827 1838 1839 1828 2058 2069 2070 2059 1
END OF 1E

1 8 231 0.60D+02 0.00D+00

2 8 231 0.45D+02 0.00D+00

3 8 231 0.30D+02 0.00D+00

4 8 231 0.25D+02 0.00D+00

5 8 231 0.20D+02 0.00D+00

6 8 231 0.15D+02 0.00D+00

7 8 231 0.10D+02 0.00D+00

8 8 231 0.50D+01 0.00D+00

9 8 231 0.00D+00 0.00D+00

10 8 231 -0.60D+01 0.00D+00

11 8 231 -0.12D+02 0.00D+00

12 8 231 0.60D+02 0.00D+00

13 8 231 0.45D+02 0.00D+00

14 8 231 0.30D+02 0.00D+00

15 8 231 0.25D+02 0.00D+00

16 8 231 0.20D+02 0.00D+00

17 8 231 0.15D+02 0.00D+00

18 8 231 0.10D+02 0.00D+00

19 8 231 0.50D+01 0.00D+00

20 8 231 0.00D+00 0.00D+00

21 8 231 -0.60D+01 0.00D+00

22 8 231 -0.12D+02 0.00D+00

23 8 231 0.60D+02 O0.00D+00

24 8 231 0.45D+02 0.00D+00

25 8 231 0.30D+02 0.00D+00

26 8§ 231 0.25D+02 0.00D+00

27 8§ 231 0.20D+02 0.CND+00

28 8 231 0.15D+02 0.006D+00

29 8§ 231 0.10D+02 0.00D+00
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.50D+01
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Table 3 (Continued)

210 8 231 0.60D+02 ©.00D+00
211 3 231 0.45D+02 0.00D+00
212 8 231 02.30D+02 0.00D+00
213 8 221 0.25D+02 G€.0GD:00
214 g 231 0.20D+02 0.03D+00
215 8 23i 0.15D+02 0.000+00
216 8 231 0.10D+02 0©0.00D+00
217 $ 23 0.50D+01 0.00D+00
2ig 3 231 0.00D+00 ©.00D+00
219 8§ 231 -0.66D+01 0.00D+00
220 8§ 231 -0.12D+02 0.002+00
221 § 231 0.60D+02 ©.00D+00
222 8 231 0.45D+02 0.00D+00
223 8 231 0.30D+02 0.00D+00
224 8§ 231 0.25D+02 0.00D+00
225 § 231 0.20D+02 0.00D+00
226 3 231 0.15D+02 0.00D+00
227 8§ 231 0.10D+02 ¢.00D+00
228 8 231 0.50D+01 0.00D+00
229 § 231 0.000+00 ©.COD+00
230 g 231 -0.60D+01 0.00D+00
231 8§ 231 -G.12D+02 0.060+00

END OF IC
0 0 0 0 0 0 0 0 0 0 0

1.0D0 606.0D0 .0D38 60.0D0

0.0D0 30.090 .0D38 30.0D0

1 2 3 & 5 6 7 8 9 232 233 234 235 236 237 238
239 240 463 464 465 466 467 468 469 470 471 694 695 696 697 698
699 7060 701 702 925 926 927 928 929 930 931 932 933 1156 1157 1158
1159 1160 1161 1162 1163 1164 1387 1388 1389 1390 1391 1392 1393 1394 1395 1618
1619 1620 1621 162, 1423 1624 1625 1526 1849 1850 1851 1852 1853 1854 1855 1856
1857 221 222 223 24 225 226 227 228 229 452 453 454 455 456 457
458 459 460 €32 684 685 686 687 688 689 690 691 914 915 916 917
918 919 920 92% 922 1145 1146 1147 1:48 1149 1150 1151 1152 1153 1376 1377
1378 1379 1380 1381 1382 1353 1384 1607 1608 1609 1610 1611 1612 1613 1614 1615
1838 1839 1840 1841 1842 1843 1844 1845 1846 2069 2070 2071 2072 2073 2074 2075
2076 20/7 11t 112

1 161 1 1 0
163 1 1 2 0

0
0 0 164 2 2
1
1

END OF IDTYP
FXD OF JOPB
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the following statements in BLOCK DATA  to specifv the maxiwum-control

integers:

we have to modify the subr utine SPROP given in Appendix A.

DATA MAXEL MAXNP,MAXBES ,MAXBNP,JBAND/160C,6 2079, 880,882 ,27/

DATA MAXNTI MXNDTC/1,1/

DATA LTMXNP, LMXNP K LMXBW MXREGN/693,231,25,9/

DATA MXSEL,MXSPR,MXSDP,MXWNP MXWPR,MXWDP,1,1,1,1,1,1/
DATA MXCNP,MXCES ,MXCPR ,MXCDP/1,1,1,1/

DATA MXNNP MXKES ,MXNPR,MXNDP/1,1,1,1/

DATA MXVES ,MXVNP ,MXVPR,MXVDP/1,1,1,1/

DATA MXDNP,MXDPR ,MXDDP/165,2,2/

DATA MAXMAT MXSPPM MXMPPM/1,5,6/

To reflect the sofl property function given by Egs.

(317) and (118),

Lines between

SPRO 405 and SPRO 535 in the subroutine SPROP must be modified zccording

to

WCR~THPROP (1,MTYP)
WCS~THPROP(2,MTYP)
HAA~-THPROP (3 ,MTYP)
ALPHA=THPROP (4 ,MTYP)
BETA=-THPROP (5, MTYP)
DO 800 KG-1,8
HNP=HKG (KG)
HNP=-HNP

ceeennme SATURATED CONDITION

IF(HNP.GT.0) GO TO 700
TH(KG,M)=UCS
AKR(KG,M)=1.0D0
DTH(KG,M)=0.0DO

GO TO 800

------- UNSATURATED CASE
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700 THMKG=WCS+(WCS-WCR) /(1.0D0+(ALPHA*DABS ( -HNP-HAA) ) **BETA)
TH(KG , M) -THMKG
AKR(KG M) = ( (THMKG-WCR) / (WCS -WCR) ) **2
DNOM=1 .0DO+(ALPHA*DABS ( -HNP-HAA) ) **BETA
DTH(KG ,M)=(WCS-WCR)* (ALPHA*DABS ( -HNP-THAA) ) #* (BETA- 1 . 0DO) /DNOM#+2

The pressure head simulated with 3DFEMWATER is plotted in Figs. 13(a)
and 13(b), respectively, for longitudinzl and transverse sections through
the pumping well. Numerical predictions of these pressure heads are in
good agreement with those given by Huyakorn (1986). This verifies the
three-dimensional algorithm of 3DFEMWATER. There are some differences
between the two model predictions around the pumping well, which are
probably due to different boundary conditions impnsed on the pumping well.
Because it is not clear what boundary conditious were imposed on the
pumping well by Huyakorn, we have imposed a constant total head on the

three nodes in the pumping well.
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APPENDIX A

Listing of FORTRAN Source Program of 3DFEMWATER
Code BLI (Block Iteration Version)
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3DFEMWATER *

WITH BLOCK ITERATION METHOD *

THIS COMPUTER CODE IS CONTAINED IN THE FOLLOWING REPORT:

YEH, G. T., 1987. "3DFEMWATER: A THREE-DIMENSIONAL FINITE ELEMENT
MODEL OF WATER FLOW THROUGH SATURATED-UNSATURATED MEDIA"
ORNL-6386, OAK RIDGE NATIONAL LABORATORY, OAK RIDE, TN 37831

FOR ANY QUESTION, PLEASE CONTACT G. T. YEH AT (615) 574-7285

MAXEL
MAXNP
MAXBES
MAXBNP
JBAND
MAXNTI
MXNDTC

NNP
NEL
NBNP
NBES
KGRAV
NTI
NDTCHG

NCYL
NITER
KSTR
KPRO
KDSKO

MAXIMUM NO.
MAXIMUM NO.
MAXIMUM NO.
MAXIMUM NO.
MAXIMUM NO.
MAXIMUM NO.
MAXIMUM NO.

NO. OF NODAL POINTS

NO. OF ELEMENTS

NO. OF BOUNDARY NODE POINTS

NO. OF BOUNDARY ELEMENT-SIDES

GRAVITY TERM CONTROL, 0 = NOT INCLUDED, 1 = INCLUDED
NO. OF TIME INCREMENTS

NO. OF DEL”

NO. OF CYCLES FOR ITERATING RAINFALL-SEEPAGE

NO. OF ITERATIONS ALLOWED FOR SOLVING NONLINEAR EQATIONS
STORE CONTROL INTEGER

LINE-PRINTING CONTROL FOR INITIAL TIME

DISK STORE CONTROL INTEGER
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*

*

OF ELEMENTS

OF NODES

OF BOUNDARY ELEMENT-SIDES
OF BOUNDARY NODAL POINTS
OF NON-ZERO ELEMENTS IN ANY ROW OF THE MATRIX*
OF TIME STEPS
OF DELT CHANGES

%o % ok e e % N R % % % ok % % N R % % % % H % % % N N %

CHANGES

* % % X % % % % % % % % % % ¥ % %

COM
coM
COoM
COM
CoM

005
010
015
020
025
030
035
040
045
050
055
060
065
070
075
080
085
090
095
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
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KSS

KCP

DELT
CHNG
DELMAX

DELTO
TOLA
TOLB

OMI

TIME

MXSEL
NSEL
MXSPR
MXSDP
NSPR
NSDP
MXWHP
NUNP
MXWPR
MXWDP
NWPR
NWDP

MXCNP
MXCES
MXCPR
MXCDP
NCNP
NCES
NCPR
NCDP

164

STEADY STATE SOLUTION CONTROL
0 = STEADY STATE SOLUTION IS WANTED EITHER AS FINAL

SOLUTION OR AS INITIAL CONDIITION OF TRANSIENT STATE

SOLUTTION
1 = ONLY TRANSIENT SOLUTION IS NEEDED
SOIL PERMEABiLITY INPUT CONTROL

0 = INPUT SATURATED HYDRAULIC CONDUCTIVITY TO ARRAY PROP

1 ~ INPUT SATURATED PERMEABILITY TO ARRAY PROP

TIME STEP SI1ZE

PERCENTAGE CHANGE OF TIME STEP SIZE

MAXIMUM TIME STEP SIZE ALLOWED

MAXIMUM SIMULATION TIME ALLOWED

INITIAL TIME STEP SIZE

TOTLERANCE FOR ITERATING STEADY STATE SOLUTION
TOLERANCE FOR ITERATING TRANSIENT SOLUTION OF PRESSURE
TIME INTEGRATION PARAMETERS

0.5 = CRANK-NICOLSON CENTRAL DIFFERENCE

1.0 = BACKWARD DIFFERENCE (COMPLETE IMPLICIT SCHEME)
ITERATION PARAMETER FOR SOLVING NONLINEAR EQUATION
ITERATION PARAMETER FOR SOLVING THE LINEARIZED MATRIX
0.0 TO 1.0 = UNDER RELAXATION

1.0 TO 2.0 = OVER-RELAXATION

TIME SINCE THE BEGINNINC

MAXIMUM NO. OF SOURCE ELEMENTS

NO. OF SOURCE ELEMENTS

MAXIMUM NO. OF SOURCE PROFILES

MAXIMUM NO. OF DATA POINTS ON EACH SOURCE PROFILE

NO. OF SOURCE PROFILE

NO. OF DATA POINTS ON EACH OF THE SOURCE PROFILES
MAXIMUM NO. OF WELL NODAL POINTS

NO. OF WELI. NODAL POINTS

MAXTMUM NO. OF WELL SOURCE PROFILES

MAXIMUM NO. OF DATA POINT IN EACH WELL SOURCE PROFILE
NO. OF WELL SOURCE/SINK PROF1LES

NO. OF DATA POINTS IN EACH OF ALL SOURCE/SINK PROFILES

MAXIMUM NO. OF CAUCHY NODAL POINTS

MAXIMUM NO. OF CAUCHY ELEMENT SIDES

MAXIMUM NO. OF CAUCHY FLUX PROFILES

MAXIMUM NO. OF CAUCHY DATA POINTS ON EACH PROFILE
NO. OF CAUCHY NODAL POINTS

NO. OF CAUCHY ELEMENT SIDES

NO. OF CAUCY FLUX PROFILES

NO. OF CAUCY FLUX DATA PNINTS ON FACH PROFILE
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C * MXNNP - MAXIMUM NO. OF NEUMANN NODAL POINTS
C * MKNES - MAXIMUM NO. OF NEUMANN ELEMENT SIDES
C 7 MKNPR =~ MAXIMUM NO. CF NMEUMANN-FLUX PROFILES

C * MXNDP = MAXIMUM NS_. OF NEUMANN-FLUX DATA POINTS ON EACH PROFILE

C * NNNP = NO.
C * NNES =~ NO.
C * NNPR = NO.

CT NEUMANN NODAL POINTS

OF NEUMANN ELEMENT SIDES

OF NEUMANN-FLUX PROFILES

C * NNDP = NO. OF NEUMANN-FLUX DATA POINTS ON EACH PROFILE

C * MXVES = MAXIMUM NO. OF VARIABLE ELEMENT SIDES
C * MXVNP =~ MAXIMUM NO. OF VARIABLE NODAL POINTS
C * MXRPR ~ MAXIMUM NO. OF RAINFALL PROFILES

C * MXRDP = MAXIMNUM NO. OF DATA POINT ON EACH RAINFALL PROFILE

C * NVES = NO.
C * NNNP =~ NO.
C * NRPR = NO.
C * NRDP =~ NO.

OF VARIABLE ELEMENT SIDES

OF VARIABLE NODAL POINTS

OF RAINFALL PROFILES

OF DATA POINTS ON EACH RAINFALL PROFILE

C * MXDNP =~ MAXIMUM NO. OF DIRICHLET NCDAL POINTS
C * MXDPR - MAXIMUM NO. OF DIRICHLET TOTAL HL..D PROFILES

AOOOAONAAAANNAONAAAQANAONONNONOO0O00N
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MXDDP - MAXIMUM NO. OF DATA POINTS ON EACH DIRICHLET PROFILE
NO. OF DIRICHLET NODAL POINTS

NO. OF DIRICHLET TOTAL HEAD PROFILES
NO. OF DIRICHLET DATA POINTS ON EACH DIRICHLET PROFILE

-]
ik

MAXIMUM NO. OF MATERIAL TYPES (MEDIUM FORMATIONS)
MAXIMUM NO. OF SOIL PARAMETERS PER MATERIAL TO DESCRIBE

SOIL CHARACTERISTIC CURVES.

:
2
[}

NMAT
NSPPM

MAXIMUM NO. OF MATERIAL PROPERTIES PER MATERIAL

NO. OF MATERIAL TYPES THAT FORM THE REGION OF INTEREST
NO. OF SOIL PARAMETERS PER MATERIAL

FRATE(I) = FLOW RATE THROUGH I-TH TYPE BOUNDARY SEGMEN:

L N B )

FLOW(I) = AMOU

VO NAWME WN =

NT

OF FLOW THROUGH I-TH TYPE BOUNDARY IN THE STEP
TFLOW(I) = ACCUMULATED AMOUNT OF FLOW THROUGH I-TH TYPE BOUNDARY
NOTE: POSITIVE VALUES MEAN OUT FROM THE REGION, NEGATIVE VALUES

DIRICHLET BOUNDARY

NEUMANN BOUNDARY

CAUCHY BOUNDARY

SEEPAGE BOUNDARY

INFILTRATION BOUNDARY

NUMERICAL LOSSES

ENTIRE BOUNDARY

ARTIFICIAL SOURCE INTO THE REGION
INCREASE IN THE WHOLE REGION OF INTEREST

MEAN INTO THE REGION.
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C * X(N) = X-COORDINATE OF N-TH NODAL POINT, (L): X(MAXNP) * COM 715
C * Y(N) - Y-COORDINATE OF N-TH NODAL POINT, (L): Y(MAXNP) * COM 720
C * Z(N) = Z-COORDINATE OF N-TH NODAL POINT, (L): X(MAXNP) * COM 725
C * IE(M,I) — GLOBAL NODE NUMBER OF THE I-TH NODE OF M-TH ELEMENT IF * COM 730
C* I IS BETWEEN 1 AND 8 * COM 735
C * TIE(M,9) = INTEGER TO INDICATE THE MATERIAL TYPE OF M-TH ELEMENT * COM 740
C * NOTE: 1IE IS DIMENSIONED IE(MAXEL,9) * COM 745
C* * COM 750
C * CMATRIX(N,I) = AN ARRAY TO STORE THE ASSEMBLED GLOBLE MATRIX * COM 755
C * SHOULD BE DIMENSIONED AS C(MAXNP,JBAND) * (WM 760
C * GNOQJCN(I,N) -~ GLOBAL NODE NUMBER OF THE I-TH CONNECTING NODE * COM 765
C* SURRGUNDING THE N-TH GLOBAL NODE. THIS ARRAY IS * COM 770
C* GENERATED BASED ON THE INPUT ARRAY IE. * COM 775
C * RLD(X) - AN ARRAY TO STORE THE ASSEMBLED LOAD VECTOR * CoOM 780
cC* SHOULD BE DIMENSIONED AS RLD(MAXNP) * COM 785
C * RI(N) = PRESSURE HEAD ITERATE IN SUBROUTINE BLKITR * COM 790
C * BL(N) = A WORKING ARRAY TO CONTAIN FINAL SOLUTION FOR THE PRES- * COM 795
C* SURE HEAD IN SUBROUTINE BLKITR * COM 800
C * NINPLR(K) =~ TOTAL NUMBER OF NODES FOR K-TH SUBREGION INCLUDING * COM 805
C* INTERIOR & GLOBAL BOUNDARY AND INTRA-BOUNDARY NODES * COM 810
C* THIS ARRAY IS GENERATED BASED ON THE INPUT ARRAYS IE +* COM 815
C * &%D GNLR(I,K) FOR I-1,2,...,NNPLR(K). * COM 820
C * NNPLR(K) = NUMBER OF INTERIOR NODES FOR K-TH SUBREGION, INCLUDING * COM 825
C * GLOBAL BOUNDARY NODES. INPUT. * COM 830
C * GNLR(I,K) = GLOBAL NODAL NUMBER OF I-TH LOCAL NODAL NUMBER FOR * COM 835
C * K-TH SUBREGION. THIS ARRAY IS AN INPUT FOR 1I-1,2,...,% COM 840
T * NNPLR(K). BUT IT IS GENERATED BASED ON IE(KEL,8) AND * COM 845
C * GNiR(I,K) WITH I-1,2,...,NNPLR(K) FOR I-NNPLR(K)+1 TO * COM 850
C * NTNPLR(K). * COM 855
C * INOJCN(J,I,K) = LOCAL NODE NUMBER OF J-TH CONNECTING NODE SUR- * COM 860
C * ROUNDING I-TH LOCAL NODE FOR K-TH SUBREGION. * COM 865
C * THIS ARRAY IS GENERATED BASED ON IE AND GNLR. * COM 870
C * IMAXDF(K) = MAXIMUM DIFFERENCE BETWEEN ANY TWO NODES OF AN * COM 875
C * ELEMENT IN K-TH SUBREGION. THIS ARRAY IS GENERATED * COM 880
C* FROM LNOJCHN * COM 885
C * CMTRXL(N,I) = ASSEMBLED MATRIY FOR A SUBREGION * COM 890
C * RIDL(N) = ASSEMBLED LOAD VECTOR FOR A SUBREGION * COM 895
C * * COM 900
C * H(N) = PRESSURE HEAD AT N-TH NODE, (L): H({MAXNP) * COM 905
C * HP(N) = PRESSURE HEAD OF N-TH NODE AT PREVIOUS TIME * COM 910
C * HW(N) = NONLINEAR PRESSURE HEAD ITERATE OF N-TH NODE * COM 915
C * HT(N) = TOTAL HEAD OF N-TH NODE * COM 920
C * VX(N) = X-COMPONENT VELOCITY AT N-TH NODE * COM 925
C * VY(N) «~ Y-COMPONENT VELOCITY AT N-TH NODE =~ COM 930
C * VZ(N) = Z-COMPONENT VELOCTYTY AT N-TH NODE * COM 935
C % NPCNV(N) = NODAL POINT OF N-TH NONCONVERGENT NODE * COM 940
C * TH(I /M) ~ MOISTURE CONTENT AT I-TH GAUS>IAN POINT OF M-TH * COM 945
Cc * ELFMENT * COM 950
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C * DTH(I,X) = DTH/DH = WATER CAPACITY OF I-TH GAUSSIAN POINT OF M- * COM 955
C* TH ELEMENT * COM 960
C * AKR(I.M) = RELATIVE HYDRAULIC CONDUCTIVITY AT I-TH GAUSSIAN * COM 965
Cc* POINT OF M-TH ELEMENT * COM 970
C * DCOSB(1,1) = X-DIRECTIONAL COSINE OF I-TH BOUNDARY ELEMENT SIDE * COM 975
C * DCOSB(2,1) = Y-DIRECTIONAL COSINE OF I-TH BOUNDARY ELEMENT SIDE * COM 980
C * DCOSB(3,1I) = Z-DIRECTIONAL COSINE OF I-TH BOUNDARY ELEMENT SIDE * COM 985
C * NOTE: DCOSB SHOULD BE DIMENSIONED AS DCOSB(3,MAXBES). * COM 990
C * ISB(1,1) = BOUNDARY NODE NUMBER OF THE FIRST NODE OF I-TH * COM 995
C * BOUNDARY ELEMENT SIDE * COM 1000
C * ISB(2,1) = BOUNDARY NODE NUMBER OF THE SECGND NODE OF I-TH * COM 1005
C* BOUNDARY ELEMENT SIDE * COM 1010
C * ISB(3,1) = BOUNDARY NODE NUMBER OF THE THIRD NODE OF I-TH * COM 1015
C* BOUNDARY ELEMENT SIDE * COM 1020
C * ISB(4,1) = BOUNDARY NODE NUMBER OF THE FOURTH NODE OF 1-TH * COM 1025
C * - BOUNDARY ELEMENT SIDE * COM 1030

- C * ISB(5,1) = ELEMENT SIDE INDEX OF I-TH BOUNDARY ELEMENT SIDE * COM 1035
C * =1 = LEFT SIDE, =2 = FRONT SIDE, =3 =RIGHT SIDE * COM 1040
C* =4 = BACK SIDE, =5 = BOTTOM SIDE, =6 = TOP SIDE * COM 1045
C * ISB(6,1) = ELEMENT NUMBER TO WHICH THE I-TH BOUNDARY ELEMENT-SIDE * COM 1050
C * BELONG * COM 1055
C * NPBB(1) = GLOBAL NODE NUMBER OF I-TH BOUNDARY NODE * COM 1060
C * BFLX(I) - BOUNDARY FLUX AT I-TH BOUNDARY NODE, (L**3/T) * COM 1065
C * SHOULD BE DIMENSIONED AS BFLX(MAXBNP) * COM 1070
C * BFLXP(I) - BOUNDARY FLUX AT PREVIOUS TIME OF I-TH BOUNDARY NODE * COM 1075
C * SOULD BE DIMENSIONED AS BFLXP(MAXBNP) * COM 1080
C * * COM 1085
C * * COM 1090
C * * COM 1095
C * SOS(I) = SCURCE STRENGTH OF I-TH SOURCE PROFILE, * COM 1100
C * ((L**3/T)/L**3): SOS(MASPR). * COM 1105
C * SOSF(I,J) = SOURCE STRENGTH OF I-TH DATA POINT IN J-TH ELEMENT * COM 1110
C * SOURCE VS TIME PROFILE, ((L**3/T)/L**) * COM 1115
C * TSOSF(I,J) = TIME OF I-TH DATA POINT IN J-TH SOURCE VS TIME * COM 1120
C* PROFILE, (T) * COM 1125
C * MSEL(1) = ELEMENT NUMBER OF I-TH SOURCE/SINK ELEMENT * COM 1130
C * ISTYP(I) = SOURCE TYPE ASSIGNED TO I-TH SOURCE/SINK ELEMENT * COM 1135
C * WSS(I) = VALUE OF 1-TH WELL SOURCE/SINK AT PRESENT TIME, (L#*3/T) * COM 1140
C * WSSF(I,J) = WELL SOURCE/SINK FUNCTION OF I-TH DATA POINT OF J-TH * COM 1145
C* PROFILE, (L**3/T) * COM 1150
C * TWSSF(I1,J) = TIME OF I-TH DATA POINT OF J-TH PPOFILE * COM 1155
C * NPW(I) = GLOBAL NODE NUMBER OF I-TH WELL SOURCE/SINK POINT * COM 1160
C * IWTYP(I) = TYPE OF WELL SOURCE/SINK ASSGCINED TO I-TH SOURCE/SINK * COM 1165
C * POINT * COM 1170
C * * COM 1175
C * * COM 1180
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C * QCB(I) = VALUE OF CAUCHY FLUX AT THE PRESENT TIME OF I-TH CAUCHY

Cc

C * QCBF(1,J) = FLUX OF I-TH DATA POINT IN J-TH CAUCHY FLUX VS TIME

COaAOOAONAAAO0aANaAON0AO0AQAANANNNANNNANAANNNaAANNONON
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*

FLUX VS TIME PROFILE, (L**x3/T/L#**2)

TIEM PROFILE, (L**3/T/L4i#2)
TQCBF(1,J) - TIME OF I-TH DATA POINT IN J-TH CAUCHY FLUX VS TIME
PROFILE
ICTYP(MP) = TYPE OF CAUCHY FLUX VS TIME PROFILE ASSIGNED TO MP-TH
CAUCHY SIDE
NPCB(NP) - GLOBAL NODE NUMBER OF NP-TH CAUCHY NODE FOR INPUTTING,
THEN IS CHANGED TO CONTAIN BOUNDARY NODE NUMBER

ISC(1,1) = GLOBAL NODE NUMBER OF THE FIRST NODE OF I-TH CAUCHY
ISC(2,I) ~ giSEAL NODE NUMBER OF THE SECOND NODE OF I-TH CAUCHY
ISC(3,I) = zigiAL NODE NUMBER OF THE THIRD NODE OF I-TH CAUCHY
ISC(4,1) = zingL NODE NUMBER OF THE FOURTH NODE OF I-TH CAUCHY
ISC(5,1) - :;3§DARY SIDE NUMBER OF I-TH CAUZHY SIDE

% %k % %k ke % % ok ok ok ok ke ok % %k % % % % ¥ %
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QNB(I) = VALUE OF FLUX AT THE PRESENT TIME OF I-TH NEUMANN FLUX VS*

TIME PROFILE FOR NEUMANN BOUNDARY, ((L*#*3/T)/L**2) *
QNB(MXNPR) *
QNBF(I,J) = FLUX OF I-TH DATA POINT IN J-TH NEUMANN FLUX VS TIME +
PROFILE, ((L#*3/T)/L#*2) *

TQ..sF(1,J) = TIME OF I-TH DATA POINT IN J-TH NEUMANN FLUX VS TIME *
PROFILE FOR NEUMANN BOUNDARY, (T) *

INTYP(MP) -~ TYPE OF NEUMANN FLUX VS TIME PROFILE TO BE ASSIGNED TO*

MP-TH NEUMANN SIDE: INTYP(MXNNP) *

NPNB(NP) = GLOBAL NODE NUMBER OF NP-TH NEUMANN NODE FOR INPUTTING *
THEN 1S CHANGED TO CONTAIN BOUNDARY NODE NUMBER *

ISN(1,I) = GLOBAL NODE NUMBER OF THE FIRST NODE OF I-TH NEUMANN %
SIDE *

ISN(2,1) = GLOBAL NODE NUMBER OF THE SECOND NODE OF I-TH NEUMANN *
SIDE *

ISN(3,I) = GLOBAL NODE NJMBER OF THE THIRD NODE OF I1-TH NEUMANN *
SIDE *

I5N(46,1) = GLOBAL NODE NUMBER OF THE FOURTH NODE OF I-TH NEUMANN *
SIDC *

ISN(5,1) =~ BOUNDARY SIDE NUMBER OF I-TH NEUMANN SIDE *
*

RFALL(I) = VALUE OF RAINFALL AT THE PRESENT TIME OF I-TH RAIN- *
FALL VIS TIME PROFILE, (L/T) *

TRF(1,J) « TIME OF I-TH DATA POINT ON J-TH RAINFALL VS TIME *
PROFILE *

RF(I,J) = RAINFALL VALUE OF 1-TH DATA POINT ON J-TH RAINFALL V§
TIME PROFILE, (L/T; *

IRTYP(MP) = TYPE OF RAINFALL PROFILE ASSEGNED TO MP-TH VARIABLE
BOUNDARY SIDE *
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C * ISV(1,1) = GLOBAL NODE NUMBER OF THE FIRST NODE OF I-TH VB SIDE * COM 1435
C * FOR INPUTTING, THEN IS CHANGED TO CONTAIN COMPRESSED * COM 1440
C * VB NODE NUMBER. * COM 1445
C * ISV(2,1) = GLOBAL NODE NUMBER OF THE SECOND NODE OF I-TH VB SIDE * COM 1450
C * FOR INPUTITING, THEN IS CHANGED TO CONTAIN COMPRESSED * COM 1455
C* VB NODE NUMBER. * COM 1460
C * ISV(3,1) = GLOBAL NODE NUMBER OF THE THIRD NODE OF I-TH VB SIDE #* COM 1465
C* FOR INPUTTING, THEN IS CHANGED TO CONTAIN COMPRESSED * COM 1470
C * VB NODE NUMBER. * COM 1475
C * ISV(4,1) = GLOBAL NODE NUMBER OF THE FOURTH NODE OF I-TH VB SIDE +* COM 1480
C * FOR INPUTTING, THEN IS CHANGED TO CONTAIN COMPRESSED * COM 1485
C* VB NODE NUMBER. * COM 1490
C * ISV(5,1) - BOUNDARY SIDE NUMBER OF I-TH RS SIDE, BETWEEN 1 & NBES * COM 1495
C * NOTE: "ISV” SHOULD BE DIMENSIONED AS ISV(5,MXVES) * COM 1500
C * * COM 1505
C * NPVB(NP) - GLOBAL NODE NUMBER OF NP-TH VB NODE FOR INPUTTING, * COM 1510
C* THEN IS CHANGED TO CONTAIN BOUNDARY NODE NUMBER. * COM 1515
g C* * COM 1520
i C * DCYFLX(NP) = DARCY FLUX THROUGH NP-TH RAINFALL-SEEPAGE NODE * COM 1525
| C* (L**3/T) * COM 1530
C * FLX(NP) = RAINFALL RATE THROUGH NP-TH RAINFALL-SEEPAGE NODE * COM 1535
C * (L**3/T) * COM 1540
{ C * HCON(NP) = PONDING DEPTH ALLOWED FOR THE NP-TH NODE OF RAINFALL/ * COM 1545
| C * EVAPORATION SEEPAGE NODES, (L): HCON(MXRSNP) * COM 1550
: C * HMIN(NP) = MINIMUM PRESSURE HEAD ALLOWED FOR THE NP-TH RAINFALL/ * COM 1555
| C* EVAPORATION SEEPAGE NODES, (L): HMIN(MXVNP) * COM 1560
| C * NPFLX(NP) = CAUCHY BOUNDARY CONDITION INDICATOR FOR THE NP-TH * COM 1565
C* NODE OF RAINFALL(+)/EVAPORATION(-)-SEEPAGE NODE, 0 = * COM 1570
C* THIS NP-TH RS NODE IS NOT A CAUCHY NODE FOR THE * COM 1575
C* TIME STEP, GLOBAL NODE NUMBER OF NP-TH RS NODE = THIS * COM 1580
C* NP-TH RS NODE IS A CAUCHY NODE * COM 1585
C* * COM 1590
C * NPCON(NP) = PONDING DEPTH DIRICHLET BOUNDARY CONDITION INDICATOR * COM 1595
C* FOR THE NP-TH RS NODE, O ~ THIS NP-TH NODE IS NOT A * COM 1600
C * PONDING DEPTH DIRICHLET NODE, GLOBAL NODE NUMBER OF * COM 1605
C* NP-TH RS NODE =~ THIS NP-TH RS NODE IS A PONDING DEPTH * COM 1610
C* DIRICHLET NODE * COM 1615
C* * COM 1620
C * NPMIN(NP) = MINIMUM PRESSURE HEAD DIRICHLET BOUNDARY CONDITION * COM 1625
C* INDICATOR FOR THE NP-TH RS NODE, 0 = NP-TH RS NODE IS t COM 1630
C* NOT A MINIMUM PRESSURE HEAD DIRICHLET NODE, GLOBAL  * COM 1635
C* NODE NUMBER OF NP-TH RS NODE ~ THIS NP-TH RS NODE IS * COM 1640
C * PRESCRIBED MINIMUM PRESSURE HEAD DIRICHLET NODE * COM 1645
C* * COM 1650
C * * COM 1655
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C * HDB(I) = VALUE OF TOTAL HEAD AT THE PRESENT TIME OF I-TH TOTAL  * COM 1660
C * HEAD VS TIME PROFILE FOR DIRICHELT BOUNDARY, * COM 1665
C * SHOULD BE DIMENSIONED AS HDB(MXDPR) * COM 1670
C * HDBF(1,J) = TOTAL HEAD OF I-TH DATA POINT IN J-TH DIRICHLET TOTAL * COM 1675
C* HEAD VS TIME PROFILE, (L): HDBF(MXDDP,MXDPR) * COM 1680
C * THDBF(I,J) = TIME OF I-TH DATA POINT IN J-TH DIRICHLET TOTAL HEAD * COM 1685
C* VS TIME PROFILE, (T): THDBF(MXDDP,MXDPR) * COM 1690
C * IDTVP(NP) ~ TYPE OF DIRICHLET TOTAL HEAD VS TIME PROFILE TO BE  * COM 1695
C* ASSIGNED TO NP-TH DIRICHLET RODE: IDTYP(MXDKP) * COM 1700
C * NPDB(NP) - GLOBAL NODE NUMBER OF NP-TH DIRICHLET NODE FOR * COM 1705
C* INPUTTING, THEN TS CHANGED TO CONTAIN BOUNDARY NODE  * COM 1710
C * NUMBFR * cOM 1715
, C* * COM 1720
& C* * COM 1725
t C * PROP(J,I) - J-TH MATERIAL PROPERTY OF I-TH MATERIALS * COM 1730
C* J = 1 - SATURATED X-HYDRAULIC CO’IDUCTIVITY, (L/T),  * COM 1735
C* OR PERMEABILITY, (L%*2). * COM 1740
" C* J = 2 - SATURATED Y-HYDRAULIC CONDUCTIVITY, (L/T),  * COM 1745
C* OR PERMEABILITY, (L¥*2). * COM 1750
C * J = 3 = SATURATED Z-HYDRAULIC CONDUCTIVITY, (L/T),  * COM 1755
C* OR PERMEABILITY, (L**2). * COM 1760
C* J = 4 = SATURATED XY-HYDRAULIC CONDUCTIVITY, (L/T), * COM 1765
C * OR PERMEABILITY, (L#%2). * COM 1770
C * J = S - SATURATED XZ-HYDRAULIC CONDUCTIVITY, (L/T), #* COM 1775
C * OR PERMEABILITY, (L#%2). * COM 1780
C * 5 = 6 = SATURATED YZ-HYDRAULIC CONDUCTIVITY, (L/T), * COM 1785
c * OR PERMEABILTY, (L#*2). * COM 1790
C *kk¥¥%k% NOTE: "PROP" SHOULD BE DIMENSIONED AS PROP(MXMPPM, MAXMAT) * COM 1795
C * * COM 1800
C * * COM 1805
C * THPROP(J,I) = J-TH PARAMETER TO DESCRIBE THE MOISTURE CONTENT AS * COM 1810
C + FUNCTION OF PRESSURE HEAD FOR I-TH MATERIAL. * COM 1815
C * AKPROP(J,I) = J-TH PARAMETER TO DESCRIBE THE RELATIVE HYDRAULIC * COM 1320
C # CONDUCTIVITY FOR I-TH MATERIAL. * COM 1825
C Wkk**%* NOTE: "THPKOP AND AKPROP™ SHOULD BE DIMENSIONED * COM 1830
C Hrkickkk AS (MXSPPM,MAXMAT) * COM 1835
C * * COM 1840
C * * COM 1845
C * KPR(1) = LINE PRINT CONTROL FOR I-TH TIME STEP, SIMILAR TO KPRO +* COM 1850
C * KDSK(I) = DISK STORAGE CONTROL FOR I-TH TIME STEP SIMILAR TO KDSKO* COM 1855
C #ikkix* NOTE: BOTH KPR AND KDSK" SHOULD BE DIMENSIONED AS (MAXNTI) * COM 1860
C * TDTCH(I) = TIME OF I-TH TIME TO RESET TIME STEP SIZE = DELTO, (T) * COM 1865
C* SHOULD BE DIMENSIONED AS TDTCH(MXNDTC) * COM 1870
C * * COM 1875
C * * COM 1880
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c MAIN 005
C ------- MAIN PROGRAM OF 3DFEMWATER - BLOCK ITERATION METHOD. MAIN 010
c MAIN 015

IMPLICIT REAL*8(A-H,0-2) MAIN 020
INTEGER*4 GNLR,GNOJCN MAIN 025

[ : MAIN 030
COMMON /SGEOM/ MAXEL ,MAXNP,MAXBES,MAXBNP,JBAND ,MAXNTI .MXNDTC MAIN O35
COMMOR /CGEOM/ NNP,NEL,NBNP,NBES,KGRAV,NTI , NDTCHC MAIN 040
COMMON /LGEOM/ LTMXNP,LMXNP,LMXBW, MXREGN,NREGN MAIN 045
COMMON /CINTE/ NCYL,NITER,KSTR,KPRO, KDSKG,KSS,NPITER, IGEOM MAIN 050
COMMON /CREAL/ DELT,CHNG,DELMAX, TMAX ,DELTO, TOLA, TOLB,W, OME,OMI MAIN 055

' MAIN 060
COMMON /CS/ MXSEL,MXSPR,MXSDP,NSEL,NSPR,NSDP MAIN 065
COMMON /CW/ MXVWNP ,MXWPR,MXWDP ,NWUNP,NWPR , NWDP MAIN 070

C MAIN 075
" COMMON /CCBC/ MXCNP,MXCES ,MXCPR,MXCDP ,NCNP ,NCES,NCPR,NCDP MAIN 080
COMMON /CNBC/ MXNNP,MXNES ,MXNPR,MXNDP ,NNNP,NN=S NNPR,NNDP MAIN 085
COMMON /CVBC/ MXVES ,MXVNP,MXRPR,MXRDP,NVES, NUNP,NRPR, NRDP MAIN 090

. COMMON /CDBC/ MXDNP,MXDPR,MXDDP,NDNP,NDPR,NDDP MAIN 095

c : MAIN 100
COMMON /SMTL/ MAXMAT ,MXSPPM, MXMPPM MAIN 105

. COMMON /CMTL/ NMAT,NMPPM,NSPPM MAIN 110

c ‘ MAIN 115
COMMON /CFLOW/ FRATE(10),FLOW(10),TFLOW(10) MAIN 120

c MAIN 125
- DIMENSION X(6000),Y(6000),Z(6000),TE(4959,9) MAIN 130
DIMENSION CMATRX(6000,27),GNOJCN(27,6000),RLD(6000) MAIN 135
DIMENSION RI(6000),RL(6000) . MAIN 140
DIMENSION NTNPLR(20),NNPLR(20),LMAXDF(20) MAIN 145
DIMENSION GNLR(900,20),LNOJCN(27,300,20) MAIN 150
DIMENSION CMTRXL(300,23),RLDL(300) MAIN 155
DIMENSION H(6000),HP(6000),HW(6000) ,HT(6000) MAIN 160
DIMENSION VX(6000),VY(6000),VZ(6000) MAIN 165
DIMENSION TH(8,495%),DTH(8,4959) ,AKR(8,4959), NPCNV(6000) MAIN 170

c MAIN 175
DIMENSION DCOSB(3,1966),ISB(6,1966) ,NPBB(1968) MAIN 180
DIMENSION BFLX(1968),BFLXP(1968) MAIN 185

c MAIN 190
DIMENSION SOS(3),SO0SF(4,3),TSOSF(4,3) MAIN 195
DIMENSION ISTYP(11),MSEL(11) MAIN 200
DIMENSION WSS(5),WSSF(8,5),TWSSF(8,5) MAIN 205

~ DIMENSION IWTYP(10),NPW(10) MAIN 210

c HAIN 215
DIMENSION QCB(2),QCBF(4,2),TQCBF(4,2) MAIN 220
DIMENSION ICTYP(171,1SC(5,171), NPCB(200) MAIN 225

c MAIN 230
DIMENSION QNB(1),QNBF(2,1),TQNBF(2,1; MAIN 235
DIMENSION INTYP(551),ISN(5,551), NPNB({€00) MAIN 240

c MAIN 245
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DIMENSION RFALL(3),RF(24,3),TRF(24,3) MAIN 250
DIMENSION IRTYP(551),ISV(5,551), NPVB(600) MAIN 255
DIMENSION DCYFLX(600),FLX(600),HCON(600) , HMIN(600) MAIN 260
DIMENSION NPFLX(600),NPCON(600) ,NPMIN(600) MAIN 265

. MAIN 270
‘DIMENSION HDB(20) ,HDBF(8,20),THDBF(8,20)" MAIN 275
DIMENSION IDTYP(200),NPDB(200) MAIN 280

MAIN 285

DIMENSION PROP(6,3) MAIN 290

DIMENSION THPROP(4,3),AKPROP(4,3) MAIN 295

, : MAIN 300

.- DIMENSION KPR(500),KDSK(500) ,TDTCH(2C) MAIN 305

: ' ' MAIN 310
:==~---- PASS THE PROGRAM TO GW3D MAIN 315 -

MAIN 320

CALL GW3D(X,Y,2,IE, CMATRX,GNOJCN,RLD,RI,RL, H,HP, HW, HT, MAIN 325

1 VX,VY,VZ, TH,DTH,AKR, NPCNV, DCOSB,ISB,NPBB, BFLX,BFLXP, MAIN 330

2 S0S,SOSF,TSOSF, ISTYP,MSEL, WSS,WSSF,TWSSF,IWTYP NPW, MAIN 335

3 QCB,QCBF,TQCBF, ICTYP,ISC,NPCB, QNB,QNBF,TQNBF,INTYP, ISN,NPNB, MAIN 340

& RFALL,RF,TRF,IRTYP,ISV,NPVB, DCYFLX,FLX,HCON, HMIN, MAIN 345
5 NPFLX,NPCON,NPMIN, HDB,HDBF,THDBF,IDTYP,NPDB, MAIN 350
6 PROP,THPROP,AKPROP, KPR,KDSK,TDTCH, MAIN 355
7 NINPLR,NNPLR,IMAXDF,GNLR,LNOJCN,CMTRXL,RLDL) MAIN 360

. MAIN 365

STOP MAIN 370

END MAIN 375

BLOCK DATA BLOC 005

BLOC 010

_ IMPLICIT REAL*8(A-H,0-Z) BLOC 015
C ‘ BLOC 020
_ COMMON /SGEOM/ MAXEL,MAXNP,MAXBES ,MAXBNP,JBAND,MAXNTI , MXNDTC BLOC 025
COMMON /LGEOM/ LTMXNP,LMXNP,LMXBW, MXREGN,NREGN BLOC 030
COMMON /CS/ MXSEL,MXSPR,MXSDP,NSEL,NSPR,NSDP BLOC 035
COMMON /CW/ MXWNP,MXWPR,MXWDP,NWNP,NWPR, NWDP BLOC 040
COMMON /CCBC/ MXCNP,MXCES ,MXCPR,MXCDP,NCNP,NCES ,NCPR,NCDP BLOC 045
COMMON /CNBC/ MXNNP,MXNES ,MXNPR,MXNDP ,NNNP ,NNES ,NNPR ,NNDP BLOC 050
COMMON /CVBC/ MXVES,MXVNP,MXRPR,MXRDP,NVES ,NVNP,NRPR,NRDP BLOC 055
COMMON /CDBC/ MXDNP,MXDPR,MXDDP,NDNP,NDFR, NDDP BLOC 060
COMMON /SMTL/ MAXMAT ,MXSPPM MXMPPM BLOC 065

c BLOC 070
DATA MAXEL,MAXNP,MAXBES ,MAXBNP,JBAND/4959,6000,1966,1968,27/ BLOC 075

DATA MAXNTI,MXNDTC/500,20/ BLOC 080

DATA LTMXNP, LMXNP,LMXBW,MXREGN/900,300,23,20/ ELOC 085
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DATA MXSEL,MXSPR,MXSDP ,MXUNP ,MXWPR ,MXWDP/11,3,4,10,5,8/ BLOC 090
DATA MXCNP,MXCES ,MXCPR,MXCDP/200,171,2,4/ BLOG 095

S DATA MXNNP,MXNES ,MXNPR,MXNDP/600,551,1,2/ BLOC 100
e DATA MXVES,MXVNP,MXRPR,MXRDP/551,600,3,24/ BLOC 105
: DATA MXDNP,MXDPR,MXDDP/200,20,8/ BLOC 110

. DATA MAXMAT,MXSPPM,MXMPPM/3,4,6/ BLOC 115

c BLOC 120

END BLOC 125

SUBROUTINE GW3D(X,Y,Z,IE, CMATRX,GNOJCN,RLD,RI,RL, H HP HW,HT, GW3D 005

- 1 VX,VY,VZ, TH,DTH,AKR, NPCNV, DCOSB, ISB,NPBB, BFLX,BFLXP, GW3D 010

2 SOS,SOSF,TSOSF,ISTYP ,MSEL, WSS,WSSF,TWSSF, IWTYP,NPV, : Gw3D 015

3 QCB,QCBF,TQCBF,ICTYP,ISC,NPCB, QNB,QNBF,TQNBF, INTYP, ISN,NPNB, GW3D 020

4 RFALL,RF,TRF, IRTYP,ISV,NPVB, DCYFLX,FLX,.iCON, HMIN, GwW3Dp 025

S NPFLX,NPCON,NPMIN, HDB,HDBF,THDBF, IDTYP,NPDB, Gw3D 030

6 PROP,THPROP,AKPROP, KPR,KDSK, TDTCH, Gw3D 035

7 NTNPLR,NNPLR, LMAXDF,GNLR, LNOJCN, CMTRXL,RLDL) GW3D 040

c GW3D 045
IMPLICIT REAL*8(A-H,0-2) GW3D 050
REAL*4 SUBHD GW3D 055
INTEGER*4 GNLR,GNOJCN GW3D 060

c GW3D 065
COMMON /SGEOM/ MAXEL,MAXNP,MAXBES ,MAXBNP , JBAND, MAXNTI ,MXNDTC GW3D 070
COMMON /CGEOM/ NNP,NEL,NBNP,NBES,KGRAV,NTI, NDTCHG GW3D 075
COMMON /LGEOM/ LTMXNP,LMXNP,LMXBW, MXREGN, NREGN GW3D 080
COMMON /CINTE/ NCYL,NITER,KSTR,KPRO,KDSKO,KSS,NPITER, IGEOM GW3D 085
COMMON /CREAL/ DELT,CHNG,DELMAX,TMAX,DELTO,TOLA,TOLB,W,OME,OMI GW3D 090

c GW3D 095
COMMON /CS/ MXSEL,MXSPR,MXSDP,NSEL,NSPR,NSDP GW3D 100
COMMON /CW/ MXWNP,MXWPR,MXWDP, NWNP,NWPR, NWDP GW3D 105

c GW3D 110
COMMON /CCBC/ MXCNP,MXCES ,MXCPR,MXCDP,NCNP,NCES ,NCPR,NCDP GW3D 115
COMMON /CNBC/ MXNNP MXNES ,MXNPR,MXNDP ,NNNP,NNES ,NNPR,NNDP GW3D 120
COMMON /CVBC/ MXVES,MXVNP,MXRPR,MXRDP,NVES,NVNP, NRPR, NRDP GW3D 125
COMMON /CDBC/ MXDNP,MXDPR ,MXDDP ,NDNP,NDPR,NDDP GW3D 130

c Gw3D 135
COMMON /SMTL/ MAXMAT ,MXSPPM,MXMPPM GW3D 140
COMMON /CMTL/ NMAT,NMPPM,NSPPM GW3D 145

c GW3D 150
COMMON /CFLOW/ FRATE(10),FLOW(10),TFLOW(10) GW3D 155

c GW3D 160
DIMENSION X(MAXNP),Y(MAXNP),bZ(MAXNP), IE(MAXEL,9) GW3D 165
DIMENSION CMATRX(MAXNP,JBAND),GNOJCN(JBAND,MAXNP),RLD (MAXNP) GW3D 170
DIMENSION RI(M/.XNP),RL(MAXNP) GW3D 175
DIMENSION NTNPLR(MXREGN) ,NNPLR(MXREGN) , IMAXDF(MXREGN) GW3D 180
DIMENSION GNLR(LTMXNP,MXF.ZGN), LNOJCN(JBAND, LMXNP ,MXREGN) GW3D 185
DIMENSION CMTRXL(LMXNT,IMXBW),RLDL (LMXNP) GW3D 190

DIMENSION H(MAXNP),HP(MAXNP) ,HW(MAXNP) HT (MAXNP) GW3D 195
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ana

‘DIMENSTON
DIMENSION

DIMERSION
DIMENSION

DIMENSION
DIMENSION
DIMENSION
DIMENSION

DIMENSION
DIMENSION

DIMENSION
DIMENSION

DIMENSIOR
DIMENSION
DIMENSION
DIMENSION

DIMENSION
DIMENSION

DIMENSION
DIMENSION

DIMENSION

DIMENSION
DIMENSION
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VK (MAXNP) , VY (MAXNP) , VZ (MAXNP)
TH(8,MAXEL) ,DTH(8 ,MAXEL) ,AKR(8 ,MAXEL), NPCNV(MAXNP)

DCOSB( 3 ,MAXBES) , ISB(6 ,MAXBES), NPBB(MAXBNP)
BFLX(MAXBNP) , BFLXP (MAXBNP)

SOS (MXSPR) , SOSF(MXSDP, MXSPR) , TSOSF (MXSDP ,MXSPR)
ISTYP(MKSEL) ,MSEL(MXSEL)

WSS (MXWPR) ,WSSF(MXWDP ,MXWPR) , TWSSF (MXWDP , MXWPR)
INTYP (MXWNP) , NPW (MXWNP)

QCB(MXCPR) ,QCBF (MXCDP ,MXCPR) , TQCBF (MXCDP ,MXCPR)
ICTYP(MXCES),ISC(5,MXCES), NPCB(MXCNP)

QNB (MXNPR) ,QNBF (MXNDP , MXNPR) , TQNBF (MXNDP ,MXNPR)
INTYP(MXNES) , ISN(S,MXNES), NPNB(MXNNP)

RFALL(MXRPR) ,RF (MXRDP ,MXRPR) , TRF(MXRDP , MXRPR)
IRTYP(MXVES),ISV(5,MXVES), NPVB(MXVNP)

DCYFLX (MXVNP) , FLX (MXVNP) , HCON (MXVNP) , HMIN (MXVNP)
NPFLX (MXVNP) , NPCON (MXVNP) , NPMIN(MXVNP)

HDB (MXDPR) , HDBF(MXDDP , MXDPR) , THDBF (MXDDP , MXDPR)
IDTYP(MXDNP) ,NPDB(MXDNP)

PROP(MXMPPM , MAXMAT)
THPROP (MXSPPM ,MAXMAT) , AKPROP (MXSPPM , MAXMAT)

KPR (MAXNTI) ,KDSK (MAXNTI) , TDTCH (MXNDTC)

TITLE(9)
SUBHD(8,3)

DATA SUBHD/4GHINPU,4HT IN, 4HITIA,4HL CO,4HNDIT,4HIONS, 2%4H
> GHSTEA,4HDY-S,GHTATE,GH INI,4GHTIAL,4H CON,4HDITI,4HONS , 8%

>/

*WFAARN DATA S

ET 1: PROBLEM IDENTIFICATION AND DESCRIPTION

100 READ 10, NPROB,(TITLE(I),I~1,9),IGEOM, IBUG,ICHNG

IF (NPROB,

LE.O) GO TO 990

PRINT 1000, NPROB, (TITLE(I),I~1,9),IGEOM,IBUG, ICHNG

------- READ AND PRINT INPUT DATA BY CALLING DATAIN

KOUT=0
TIME=~0.0

Gw3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
cw3D
Gw3D
cw3D
GW3D
cw3D
GW3D
GW3D
GW3D
GW3D
GW3D
cw3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GWD
GW3D
CW3D
GW3D
cW3D
GW3D
GW3D
GW3D
cW3D
GW3D
cW3D

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
399
395
400
405
410
415
420
425
430
435
440
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c GW3D 445
C *kikkick DATA SETS 2 TEROUGH 17 WILL BE READ IN DATAIN GW3D 450
c GW3D 455
CALL DATAIN(TITLE,NPROB, KPR,KDSK,TDTCH, CW3D 460

1 PROP,THPROP,A¥PROP, X,Y,Z, IE,H, DCOSB,ISB,NPBB, GW3D 465

2 SOSF,TSOSF,ISTY®,MSEL, WSSF,TWSSF, IWTYP,NPW, GW3D 470

3 QCBF,TQCBF,ICTYP,ISC,NPCB, QNBF,TQNBF, INTYP, ISN,NPNB, GuW3D 475

& RF,TRF,IRTYP,ISV,NPVB, HCON,HMIN, HDBF,THDBF,IDTYP,NPDB, GW3D 480

S ISTOP, NNPLR,GNIR) Gu3D 485

c GW3D 490
IF(IGEOM.LE.3) CALL PAGEN(GNOCN,LNOJCN,LMAXDF,NTNPLR.GNLR, GU3D 495

1 IE,NNPLR) , GW3D 500

. REWIND & GW3D 505
IF(IGEOM.LE.3) WRITE(4) ((GNOJCN(J,I),J=1,JBAND),I~-1,NNP), GW3D 510

1 (NTNPLR(K) ,K=1,MXREGN) , (LMAXDF(K) ,K~1,MXREGN) , GW3D 515

2 (((LNOJCN(J,I,K),J=1,JBAND),I=1,LMXNP) K=1, MXREGN), GW3D 520

3 ((GNLR(I,K),I-1,LTMXNP),K=1,MXREGCN), (NNPLR(K) ,K=1,MXREGN) CW3D 525
IF(IGEOM.CGT.3) READ(4) ((GNOJCN(J,I),J=1,JBAND),I~1,NNP), GW3D 530

1 (NTNPLR(K),K=1,MXREGN) , (LMAXDF(K) ,K=1,MXREGN), GW3D 535

2 (((LNOJCN(J,I,K),J=1,JBAND),I=1,LMXNP), ,K~1,MXREGN), GW3D 540

3 ((GNLR(I,K),I=1,LTMXNP),K=1,MXREGN), (NNPLR(K) ,K=1,MXREGN) GW3D 545

c CW3D 550
KDIG=0 GU3D 555

IF (ISTOP.GT.0) GO TO 990 GW3D 560

c Gu3D 565
C-ivnmu-- PREPARE INITIAL OR PRE-INITIAL VARIABLES GW3D 570
v GW3D 575
IF(NSEL.NE.O0) CALL INTERP(SOS,TSOSF,SOSF,TIME, GW3D 580

1 MXSPR ,MXSDP ,NSPR , NSDP) GW3D 585
IF(NWNP.NE.O) CALL INTERP(WSS,TWSSF,WSSF,TIME, GW3D 590

1 MXWPR ,MXWDP , NWPR , NWDP) GW3D 595

v GW3D 600
IF(NCES.NE.0) CALL INTERP(QCB,TQCBF,QCBF,TIME, GW3D 605

1 MXCPR ,MXCDP ,NCPR ,NCDP) GW3D 610
IF(NNES.NE.O) CALL INTERP(QNB,TQNBF,QNBF,TIME, GW3D 615

1 MXNPR ,MXNDP , NNPR , NNDP) GW3D 620
IF(NVES.NE.O) CALL INTERP(RFALL,TRF,RF,TIME, GW3D 625

1 MXRPR ,MXRDP , NRPR , NRDP) GU3D 630
IF(NDNP.NE.0) CALL INTERP(HDB,THDBF,HDBF,TIME, GW3D 635

1 MXDPR,MXDDP , NDPR , NDDP) GW3D 640

c GW3D 645
Creevnn- PUT DIRICHLET BOUNDARY VALUES TO INITIAL CONDITIONS GW3D 650
v GW3D 655
DO 130 T=1,NDNP GW3D 660
NI=NPDB(I) GW3D 665
NP=NPBB(NI) GW3D 670
ITYP-IDTYP(I) GW3D 675
H(NP)=HDB(ITYP) - Z(NP) *DFLOAT (KGRAV) GW3D 680

130 CONTINUE GW3D 685
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c GW3D 690
CALL SPROP(TH,DTH,AKR, IE,H,THPROP,AKPROP) GW3D 695

c GW3D 790
CALL VELT(VX,VY,VZ,CMATRX,X,Y,Z, IE,H,HT,AKR, PROP) GW3D 705
KFLOW=-1 GW3D 710

c Gu3D 715
CALL SFLOW(X,Y,Z,IE, H,HP,VX,VY,VZ, TH,DTH, GW3D 720

1 BFLX,BFLXP,DCOSB, ISB,NPBB, MSEL,SOS,ISTYP, NPW,USS,IVTYP, GW3D 725

2 NPVB,NPDB,NPCB,NPNB, DELT, KFLOW) GW3D 730

c Gw3D 735
DO 140 I-1,9 GW3D 740
IF(1.EQ.9) GO TO 140 GW3D 745
FLOW(I)=).0 GW3D 750
TFLOW(1)=0.0 Gw3D 755

140 CONTINUE GW3D 760
FLOW(9)=0.0 GW3D 765

c cW3D 770
C ---vem- PRINT INITIAL OR PRE-INITIAL VARIABLES GuW3D 775
c GW2D 780
KDIAG=0 CM3D 785

c GW3D 790
CALL PRINTT(VX,VY,VZ H,HT,TH, NPBB,BFLX, NPVB,DCYFLX,NPCON, GW3D 795
INPFLX,NPMIN, SUBHD(1,1), TIME,DELT,KPRO,KOUT, KDIAG,-1) GW3D 800

c GW3D 805
IF(KSTR.EQ.1 .AND. KSS.EQ.1 .AND. KDSKO.EQ.1) GW3D 810

> CALL STORE(X.Y,Z,IE, H,HT,TH,VX,VY,VZ,DCOSB,6ISB,NPBB, GW3D 815

1 NNPLR,GNIR, TITLE, TIME, NPROB) GW3D 820

c GW3D 825
IF (KSS.NE.O) GO TO 500 GW3D 830

c GW3p 835
C $5899%% GW3D 840
C $$$$$5$ PERFORM STEADY-STATE CALCULATION GW3D 845
C $5999%8 GW3D 850
c GW3D 855
IF (NVES.EQ.0) GO TO 170 GW3D 860

c -GW3D 865
DO 150 NPP=1,NVNP GW3D 870
NI=NPVB(NPP) GW3ID 875

NPCON (NPP)=NPBB(NI) GW3D 880

NPMIN (NPF)=0 GW3D 885

150 NPFLX(NPP)=0 GW3D 890

c CW3D 895
NCHG=-1 GW3D 900

CALL BCPREP(IE,X,Y,Z,H,VX,VY,VZ,DCOSB,ISB,NPVB,ISV,DCYFLX,FLX, GW3D 905

> HCON,HMIN, NPFLX,NPCON ,NPMIN, IRTYP,RFALL, NCHC) GW3D 910

c GW3D 915
170 DO 180 NP=1,NNP GW3D 920

180 HP(NP)=H(NP) GW3D 925
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c GW3D 930
KDIG-KDIG+1 GW3D 935
IF(IBUG.NE.0) PRINT 10400,KDIG,TIME,DELT GW3D 940

c GW3D 945
[ SRS ITERATION LOOP ON SEEPAGE-RAINFALL BOUNDARY CONDITIONS BEGINS GW3D 950
c : GW3D 955
EPS=0. 5DO*TOLA GW3D 960

c GW3D 965
DO 390 ICY-1,NCYL Gw3D 970

c Gw3D 975
DO 210 NP-1,NNP GW3D 980
HW(NP)=OME*H (NP) +(1.0DO-OME)*HP (NP) Gw3D 985
RI(NP)~HW(NP) GW3D 990

210 CONTINUE GW3D 995
c GW3D1000
[ S ITERATION LOOP ON THE NON-LINEAR EQUATION BEGINS GW3D1005
c GW3D1010
IF(IBUG.NE.O) PRINT 10401, ICY GW3D1015

c GW3D1020
[ PUT DIRICHLET BOUNDARY VALUES OF THE VARIABLE BOUNDARY GW3D1025
Cceeonn- INTO H, RI, HW, AND RL GW3D1030
c GW3D1035
IF(NVES.EQ.6) GO TO 250 GW3D1040

DO 230 NPP-1,NUNP GW3D1045
NI-NPMIN(NPP) GW3D1050
IF(NI.EQ.0) GO TO 220 ' GW3D1055
H(NI)=HMIN(NPP) GW3D1060
RI(N1)=HMIN(NPP) GW3D1065
HW(NT)~=HMIN(NPP) GW3D1070
RL(NT)=HMIN(NPP) GW3D1075

GO TO 230 GW3D1080

220 N1-NPCON(NPP) GW3D1085
IF(NI.EQ.0) GO TO 230 GW3D1090
H(NI)=HCON(NPP) CW3D1095
RI(NI)=HCON(NPP) GW3D1100
HW(NT)=HCON (NPP) CW3D1105
RL(NI)~HCON(NPP) GW3D1110

230 CONTINUE GW3D1115
250 CONTINUE GW3D1120
c GW3D1125
. DO 350 IT=1,NITER GW3D1130
c CW3D1135
Crerenn- EVALUATE SOIL PROPERTIES FOR PREVIOUS ITERATE GW3D1140
c GW3D1145

CALL SPROP(TH,DTH,AKR, IE,HW,THPROP,AKPROP) GW3D1150
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ASSEMBLE STEAD-STATE ELEMENT MATRICES QA AND QB INTO THE
GLOBAL MATRIX C AND CONSTRUCT GLOBAL LOAD VECTOR R FROM
ELEMENT LOAD VECTOR RQ.

CALL ASEMBL(X,Y,Z,IE, CMATRX,RLD,GNOJCN,HW HP, DTH,AKR, PROP,

> SO0S ,MSEL,ISTYP,WSS,NPW, IWTYP, KSS,W,DELT)

320

APPLY STEADY-STATE BOUNDARY CONDITIONS

CALL BC(CMATRX,RLD,GNOJCN, IE,X,Y,Z, AKR,PROP, DCOSB,ISB,NPBB,

1 QCB,ISC,ICTYP, QNB,ISN,INTYP, FLX, HCON,(HMIN NPFLX NPCON NPMIN,

2 HDB,IDTYP,NPDB, KSS)

SOLVE THE MATRIX EQUATION BY BLOCK ITERATION

CALL BLKITR(RL,RI,CMTRXL,RLDL, CMATRX,RLD, GNLR,LNOJCN,NNPLR,
1 LMAXDF, EPS,NPITER,IBUG,KPRO,OMI)

OBTAIN MAXIMUM RELATIVE DEVIATION FROM PREVIOUS ITERATE

NPP-0

RD=-1.0D0

RES=-1.0D0

DO 320 NP-1,NNP

RESNP=DABS (RL(NP) -H(NP))
RES=DMAX1 (RES ,RESNP)
IF(H(NP).NE.0.0DO) RD~DMAX1(RD,DABS(RESNP/H(NP)))
IF(RESNP .LE. TOLA) GO TO 320
NPP=NPP+1

NPCNV(NPP)=NP

CONTINUE

NNCVN=NPP

UPDATE PRESSURE WITH CURRENT ITERATE

DO 330 NP=1,NNP
H(NP)=OME*RL(NP)+(1.0D0-OME)*H(NP)
RI(NP)=H(NP)

HW(NP)=H(NP)

CONTINUE

---- ESCAPE FROM ITERATION LOOP IF THE MAXIMUM RESIDUAL IS
---- SUFFICIENTLY SMALL

IF(IBUG.NE.O) PRINT 10200, IT,RES,RD,NNCVN
IF(IT.EQ.1) GO TO 350

IF(RES.LT.TOLA) GO TO 360

GW3D1155
GW3D1160
GW3D1165
GW3D1170
GW3D1175
GW3D1180
GW3D1185
GW3D1190
GW3D1195
GW3D1200
GW3D1205
GW3D1210
GW3D1215
GW3D1220
GwW3D1225
GW3D1230
GW3D1235
GW3D1240
GW3D1245
GW3Db1250
GW3D1255
GW3D1260
GW3D1265
GU3b1270
GW3D1275
GW3D1280
GW3D1285
GW3D1290
GW3D1295
GW3D1300
GW3D1305
GW3p1310
GW3D1315
GW3D1320
GW3D1325
GW3D1330
GW3D1335
GW3D1340
GW3D1345
GW3D1350
GW3D1355
GW3D1360
GW3D1365
GW3D1370
GW3D1375
GW3D1380
GW3D1385
GW3D1390
GW3D1395
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350 CONTINUE
------- END OF ITERATION LOOP ON THE NON-LINEAR EQUATION
PRINRT 10210, ICY,1T,NITER,RES,RD NNCVN
------- PRINT NONCONVERGENING NODES
IF(IBUG.EQ.0) GO TO 360
PRINT 10500
PRINT 10600, (NPCNV(NPP) ,NPP-1,NNCVN)

360 IF(ICHNG_EQ.0) GO TO 380
IF(NVES_EQ.0) GO TO 380

------- PRINT RAINFALL-SEEPAGE B. C. CHANGE INFORMATION
PRINT 10402, ICY
DO 370 I-1,NVNP
NI=-N"VB(I)
NP=NPBB(NI)
PRINT 10403, I NP NPCON(I), HCON(I) NPMIN(I),HMIN(I) NPFLX(I),
1 FLX(I),DCYFLX(I)

370 CONTINUE

------- CALCULATE DARCY’S VELOCITY

380 CALL SPROP(TH,DTH,AKR, IE, H, THPROP,AKPROP)
CALL VELT(VX,VY,VZ CMATRX,X,Y.Z,1E,H HT,AKR, PROP)
IF(NVES .EQ. 0) GO TO 440

------- PREPARE BOUNDARY CONDITIONS ON THE VARIABLE-TYPE BOUNDARY FOR
------- NEXT CYCLE COMPUTATIONS.

CALL BCPREP(IE.X.Y,Z, H.VX,VY,VZ, DCOSB,ISB, NPVB, ISV, DCYFLX,FLX,
> HCON HMIN,NPFLX,NPCON,NPMIN,K IRTYP,RFALL, NCHG)

IF(NCHG.EQ.0) 70 TO 440
390 CONTINUE

------- END OF ITERATION LOOP ON SEEPAGE-RAINFALL BOUNDARY CONDITIONS
PRINT 10610, ICY,IT,NCYL NITER,RES,RD,NNCVN

440 IF(NNCVN.EQ.0) GO TO 445
PRINT 10610, ICY,IT NCYL,NITER,RES,RD,NNCVN
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c GW3D1645
C ------- COMPUTE FLUXES THROUGK ALL T(P¥S GF BOUNDARIES. GW3D1650

c GU3D1655

445 KFLOW~y GW3D1660

CALL SFLOW(X,Y.Z,IE, H, HP, VX,¥Y,V¥Z, TH,DTH, GW3D1665

1 BFLX,BFLXP,DCOSB,ISB,NPBB MSEL,SOS,ISTYP NPY,JSS, IWTYP, GU3D1670

2 NPVB NPDB,NPCB,NPNB, DELT, KFLOW) GW3D1675

c GU3D1680

DO 450 I-1,9 GW3D1685

IF{1.EQ.9) GC TO 450 GW3D1690

FLOW(1)=0.0 GU3D1695

TFLOW(I)=-0.0 GW3D1700

450 CONTINUE GW3D1705
FLOW(9)=0_0 CW3D1710

c GW3D1715

C ------- PRINT STEADY-STATE VARIABLES GW3D1720

c GW3D1725

CALL PRINTT(VX,KVY,VZ,H, iT,TH, NPRB,BFLX, NPYVB,DCYFLX,NPCON, GW3D1730

1 NPFLX,NPMIN, SUBHD(1,2)., TiME,DELT, KPRO,KOUT,KDIAG,0) GW3D1735

c GW3D1740
IF(KSTR_ED.1 .AND. KDSKO.EN.1) CaALL STORE(X.Y,Z,IE, GW3D1745

| > H,HT.TH,VX,VY,VZ,DCGSB, ISR NPES. NNPLR,CNLR, TITLE,TIME,NPROB) GW3D1750
| c . GW3ID1755
| IF (NTL.EC.0) GG TO LGO GW3D1760
c Cw3D1765

| KSS=1 GW3D1770
c GW3D1775
| C $55955S GW3D1780
! C $$5555$ PERFORM TR:LNSIENT-STATE CALCULATION GW3D1785
C $593998 GW3D1790

c GW3D1795

500 IF (NVES.EQ.0) 50 TG 530 GW3D1800

c GW3D1305

00 S1d N2P-1 NUNP GuU3D1810

NI-YPUB(NPP) GW3D1815
NPCON(NPP=N2BU/ND . GuW3iDn1g20

NPMIN/NPP)=0 GW3D1825

510 KPFLY(NPP)-0 cw3D183e

c GW3D1835

NCHG= - 1 GW3D1840

c CW3D1845

| 550 TIMF~-T'"ME-Di..0 GW3D1850
* Wi~ GW3D1855
W2~1.5D% GW3D1860

VELO GW3ID1865

TFiNW 9,-0 6 GW3D1870
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------- BEGIN THE TIME-MARCHING LOOP

EPS~(0.5D0*TOLB
IDELT=0

DO 890 ITM=-1,NTI
ITMITM=-ITM

------- PREPARE TRANSIENT BOUNDARY CONDITIONS AND SOURCE FOR THE STEP

IF(NSEL_NE_O) CALL INTERP(SOS,TSOSF,SOSF,TIME,é MXSPR,MXSDP,
1 NSPR,NSDP)

IF(NWNP_NE.O) CALL INTERP(WSS,TWSSF,WSSF,TIME,MXWPR,MXWDP,
1 NWPR,NWDP)

IF(NCES.NE.0) CALL INTERP(QCB,TQCBF,QCBF,TIME,

1 MXCPR,MXCDP , NCPR, NCDP)
IF(NNES .NE.0) CALL INTERP(QNB,TQNBF,QNBF,TIME,

1 MXNPR ,MXNDP , NNPR, NNDP)
IF(NVES_.NE.O) CALL INTERP(RFALL,TRF,RF,TIME,

1 MXRPR , MXRDP , NRPR, NRDP)
IF(NDNP.NE.0) CALL INTERP(HDB,THDSF,HDBF,TIME,

1 MXDPR, MXDDP , NDPR, NDDP)

IF(NVES.EQ.0) GO TO 560

NCHG=-1

CALL BCPREP(IE.X,Y,Z, H,VX, VY, VZ, DCOSB,ISB, NPVB,ISV,DCYFLX, FLX,
1 HCON,HMIN,NPFLX NPCON,NPMIN, IRTYP,RFALL, NCHG)

560 DO 570 NP-1, NP
RL(NP)=H(NP)
HP(NP)=H(NP)

570 CONTINUE

KDIG-KDIG+1
IF(IBUG.NE.O .AND. KPR(ITM).NE.O) PRINT 10400, KDIG,TIME,DELT

------- BECIN ITERATION LOOP ON SEEPAGE-RAINFALL BOUNDARY CONDITIONS

DO 690 ICY=1 ,NCYL
IF(IBUG.NE.O .AND. KPR(ITM).NE.O) PRINT 10401, ICY

DO 580 ¥NP=1,NNP

H(NP)=OME*RL/NP)+(1.0DO-OME)*H(NP)

RI(NP)=H(NP)

HW(NP)=W1*(OME*H(NP) +(1.0D0-OME)*HP(NP) ) +W2*HP (NP)
580 CONTINUE
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>
e BEGI‘HITERATION LOOP ON THE RON-LINEAR EQUATION

------- PUT DIRICHLET BOUNDARY VALUES OF THE VARIABLE BOUNDARY
------- INTO H, RI, HW, AND RL

IF(NVES.EQ-0) GO TO 595
DO 590 NPP=1,NVNP
NI-NPMIN(NPP)
IF(NI.EQ.0) GO T. 585

" H(NI)=HMIN(NPP)
RI(NI)~HMIN(NPP)

HW (NI )-HMIN(NPP)

L RL(NI)-HMIN(NPP)

GO TO 590

' 585 NI-NPCON(NP?)
IF(NI.EQ.0) GO TO 590
H(N1~HCON(NPP)
RI(NI)~HCON(NE?)
HW(NI)=HCON(NPP)
RL(NI)=HCON(NPP) .

590 CONTINUE

595 CONTINUE

DO 650 IT=-1,NITER
------- EVALUATE SOIL PROPERTIES FOR PREVIOUS ITERATE

CALL SPROP(TH,DTH,AKR, IE,HW,THPROP,AKPROP)
------- ASSEMBLE ELEMENT MATRICES QA AND QB INTO THE GLOBAL MATRIX C
------- AND CONSTRUCT THE GLOBAL LOAD VECTOR R FROM ELEMENT LOAD
------- VECTOR R(,.

CALL ASEMBL(X,Y,Z,1E, CMATRX,RLD,GNOJCN,HW HP,DTH, AKR,PROP,
> SOS,MSEL,1STYP,WSS,NPW, IWTYP, KSS,W, DiLT)

------- APPLY BOUNDARY CONDITIONS TO MODIFY THE GLOBAL MATRIX C AND
------- THE LOADL VECTOR R.

CALL BC(CMATRX,RLD,GNOJCN, IE,X,Y,Z, AKR,PROP, DCOSB,1SB,NPBB,
1 QCB,ISC,ICTYP, QNB,ISN,INTYP, FLX,KHCON,HMIN,NPFLX,NPCON,NPMIN,
2 HDB,IDTYP,NPDB, KSS)

------- SOLVE THE MATRIX EQUAITON BY BLOCK ITERATION

CALL BLKITR(RL,RI,CMTRXL,RLDL, CMATRX,RLD, GNLR, LNOJCN, NNPLR,
1 LMAXDF, EPS,NPITER, IBUG,KPR(ITM),OMI)
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-~~~ OBTAIN MAXIMUM RELATIVE DEVIATION FROM PREVIOUS ITERATE

NPP=0
RD=-1_0D0
RES=-1.0D0

DO 620 NP=1 NNP

RESNP—DABS(RL(NP) H(NP))

RES-=DMAX1 {RES ,KESNP)

IF(H(NP) _NE. 0.0D0O) RD=DMAX1(RD, DABS(RESNP/H(NP)))
IF(RESNP ._LE. TOLB) GO TO 620

NPP=-NPP+1

NPCNV (NPP)=NP

"CONTINUE

NNCVN-NPP

--- UPDATE PRESSURE WITH CURRENT ITERATE
DO 630 NP-1,NNP
H(NP)~OME*RL(NP)+(1.0DO0-OME)*H(NP)
RI(NP)=H(NP)

HW(NP)=W1*H(NP)+W2*HP (NP)
CONTINUE

--- ESCAPE FROM ITERATION LOOP IF THE MAXIMUM RESIDUAL IS
--- SUFFICIENTLY SMALL.

IF(IBUG.NE.O .AND. KPR(ITM).NE.0) PRINT 10200, IT,RES,RD,NNCVN
IF(IT.EQ.1 .AND. ITM.EQ.1) GO TO 650

IF(RES.LT.TOLB) GO TO 660

CONTINUE

--- END THE ITERATION LOOP ON THE NON-LINEAR EQUATION

PRINT 10710, ITM,ICY,IT,NITER,RES,RD,NNCVN

IF(IBUG.EQ.0 .OR. KPR(ITM).EQ.0) GO TO 660

--- PRINT NONCONVERGING NODES

PRINT 10500
PRINT 10600, (NPCNV(NPP),NPP=1,NNCVN)

IF(ICHNG.EQ.0 .OR. KPR(ITM).EQ.0) GO TO 680
IF(NVES.EQ.0) GO TO 680
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C
C------- PRINT RAINFALL-SEEPAGE BOUNDARY CONDITION CHANGE INFORMATION
C
PRINT 10492, ICY
DO 670 I=-1, NVNP
NI=-NPVB(I)
NP=-NPBB(NI)
PRINT 10403, I, NP, NPCON(I),HCON(I) NPMIN(I), HMIN(I),NPFLX(I),
1 FLX(I),DCYFLX(I)
670 CONTINUE
c
C------- CALCULATE DARCY’S VELOCITY
G
680 CALL SPROP(TH,DTH,AKR, IE,H,THPROP,AKPROP)
Cc
CALL VELT(VX,VY,VZ,CMATRX,X,Y,Z,IE,H, HT,AKR, PROF)
C
IF(KVES.EQ.0) GO TO 710
c
CALL BCPREP(IE,X,Y,Z,H,VX,VY VZ, DCOSB,ISB, NPVB,6 ISV, DCYFLX,FLX,
> HCON,HMIN,NPFLX ,NPCON,NPMIN, IRTYP ,RFALL, NCHG)
c
IF(NCHG.EQ.J) GO TO 710
c
690 CONTINUE
c
C ------- END ITERATION LOOP ON SEEPAGE-RAINFALL BOUNDARY CONDITIONS
c
PRINT 10810, ITM,ICY,IT,NCYL,NITER,RES,RD,NNCVN
710 IF(NNCVN.EQ.0) GO TO 740
PRINT 10810, ITM,ICY,IT,NCYL NITER,RES,RD,NNCVN
c
C ------- COMPUTE FLUXES THROUGH ALL TYPES OF BOUNDARIES
c
740 CALL SFLOW(X,Y,Z,IE, H,HP,VX,VY,VZ TH,DTH,
1 BFLX,BFLXP,DCOSB,ISB,NPBB, MSEL,S0S,ISTYP,NPW,WSS, IWTYP,
2 NPVB,NPDB,NPCB ,NPNB, DELT, KFLOV)
C
C-eev--- PRINT VARIABLES AT EACH TIME STEP
C
CALL PRINTT(VX,VY,VZ,H,HT,TH, NPBB,BFLX, NPVB,DCYFLX,KNPCON,
1 NPFLX NPMIN SUBHD(1,3), TIME,DELT, KPR(ITM), KOUT,KDIAG, ITMITM)
C
IF(KSTR.EQ.1 .AND.KDSK(ITM).EQ.1) CALL STORE(X,Y,Z,IE,
> H,HT,TH,VX,VY,VZ, DCOSB,ISB NPBB, NNPLR,CNLR, TITLE, TIME NPROB)
c
C -cccu-- PREPARE FOR NEXT TIME STEP
C

IF(TIME.GT.TMAX) GO TO 100
DELT=DELT*(1.0DO+CHNG)
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DELT=DMIN1 (DELT , DELMAX) : 6U3D2835
IDELT:EQ.0) GO TO 880 : ' GW3D2840
crluz,aq . TDTCH(IDELT)) DELIHDELTO . , g GW3D2845

T o o ' GW3D2850
TF(TIME.LT. TDTCH(IDELT+1)) GO TO 890 GW3D2855

- GW3D2870
DELT: LE 0.0) DELIHDEETU : : - GU3D2875;

- - GW3D2915
o ‘ : - CW3D2920
“FORMAT(I5,9A8,311) - GW3D2925
) FORMAT(’1 PROBLEM’,I5,’.. ',9A8,1X,3I1/) , _ CW3D2930
0200 FORMAT(5X,110,3X,E12.4, X, 512 4,15X,110) o GW3D2935

S | 'mmmm***t*ﬁ*mmmm' GV3D29(55

<

.2 "¥kaaxr//7° DIAGNOSTLC TABLE',I4,”.. AT TIME = ,1PD12.4, _ GW3D2950

. .3 (DELT =*,1PD12.4,°)"5 GW3D2955
" '10401 FORMAT(//’ TABLE OF ITERATIVE PARAMETERS FOR’,I3,’-TH CYCLE’ //6X, GW3D2960
1 *ITERATION’,7X, RFSIDUAL’,6X, ' DEVIATION' ,6X, CW3D2965
.7 2 'NO. NON-CONV. NODES’) GW3D2970
- 10402 FORMAT(//’ TABLE OF RAINFALL/EVAPORATION-SEEPAGE B. C. USED FOR’, GW3D2975
- 1 13,’-TH CYCLE’//7X,” 1 NPVB NPCON HCON NPMIN HMIN’ ,GW3D2980
2 NPFLX FLX DCYFLX FROM PREVIOUS CYCLE'/7¥,  GW3D2985

3 P e aeee- ceee s — GW3D2990

4 e --- e ) GW3D2995

10403 FORMAT(1H ,18,16,17,D12.4,17,D12.4,17,D12.4,12X,D12.4) GW2D3000
10500 FORMAT(//’ TABLE OF NON-CONVERGING NODES') GW3D3005
10600 FORMAT(/(5X,2015)) GW3D3010

10210 FORMAT(1HO,’WARING: NON-CONVERGENCE OCCUR DURING STEADY STATE SOLUGW3D3015
ITION AT’ ,13,’ -TH CYCLE'/1H ,’IT - ’,13," .GT. MAXIT = ', I3, GW3D3020

: 2’, RES =',D]2.5,’, RD =" ,D12.4,’, NNCVN =',14) GW3D3025
10610 FDRHAT(IHO 'ABSOLUTBLY WARNING STEADY STATE SOLUTION IS NG'/1H , GW3D2030
>'ICY = *,13," IT = 7,1I3," MAXCY = ’,I3,’ MAXIT - ',13, GW3D3035

’, RES -',012.6,', RD -',D12.4,7, NNCVN -',14) GW3D3040

10710 FORMAT(1HO,’'WARNING: NON-CONVERGENCE OCCUR AT’,I5,’ -TH TIME STEP’GW3D3045
>,13,’ -TH CYCLE'/1H ,’IT - ’,I13,’ .GT. MAXIT ~ ’',13,2D12.4,1I5) GW3D3050
10810 FORMAT(1HO, ' ABSOLUTELY WARNING: TRANSIENT SOLUTIUN IS NG AT ’,I5, GW3D3055
> * -TH TIME STEP'/1H ,'ICY - ',13,* IT - ,I3,’ MAXCY - ', I3, GW3D3060

>’ MAXIT = * ,13,’, RES =',D12.4,’, RD =',D12.4,', NNCVN -’ 14)CW3D3065

C GW3D3070
END GW3D3075

GU3D2860” .
'GUBDZBGSQJM
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SUBROUTINE DATAIN(TITLE,NPROB, KPR,KDSK,TDTCH, DATA 005
) 1 PROP,THPROP,AKPROP, X,Y,Z,IE,H, DCOSB,ISB,NPBB, DATA 010
: 2 SOSF,TSOSF, ISTYP,MSEL, WSSF,TWSSF,IWTYP,NPW, DATA 015
. 3 QCBF, TQCBF, ICTYP,ISC,NPCB, QNBF,TQNBF,INTYP,ISN,NPNB, DATA 020
- & RF,TRF,IRTYP,ISV,NPVB, HCON,HMIN, YDBF,THDBF,IDTYP,NPDB, DATA 025
5 ISTOP,NNPLR,GNLR) DATA 030
c DATA 035
[ S TO READ AND PRINT SYSTEM PARAMETERS, GEOMETRY, BOUNDARY AND DATA 045
Coeecn-- INITIAL CONDITIONS, AND PROPERTIES OF THE MEDIA. DATA 050
Clickk ik ik } dokkkdkkickk D dokkdciioickk Yk ik dokd by dok K ikh ok § kk kkkk ki k Gk kxikk ] xxDATA 055
c DATA 060
IMPLICIT REAL*8(A-H,0-Z) DATA 065
REAL#*4 PMAT, THPAR,AKPAR DATA 070
- INTEGER*4 GNLR DATA 075
c DATA 080
COMMON /SGEOM/ MAXEL ,MAXNP ,MAXBES ,MAXBNP , JBAND , MAXNTI , MXNDTC DATA 085

COMMON /CGEOM/ NNP,NEL,NBNP,NBES,KGRAV,NTI,NDTCHG DATA 090 -
COMMON /LGEOM/ LTMXNP,LMXNP,LMXBW,MXREGN ,NREGN DATA 095
COMMON /CINTE/ NCYL,NITER,KSTR,KPRO,KDSKO,KSS,NPITER, IGEOM DATA 100
COMMON /CREAL/ DELT,CHNG,DELMAX,TMAX ,DELTO,TOLA,TOLB,W,OME,OMI  DATA 105
- c DATA 110
| COMMON /CS/ MXSEL,MXSPR,MXSDP,NSEL,NSPR, NSDP DATA 115
COMMON /CW/ MXWNP ,MXWPR ,MXWDP , NWNP ,NWER , NWDP DATA 120
c DATA 125
| COMMON /CCBC/ MXCNP,MXCES,MXCPR,MXCDP,NCNP,NCES ,NCPR, NCDP DATA 130
COMMON /CNBC/ MXNNP,MXNES,MXNPR,MXNDP,NNNP,NNES ,NNPR, NNDP DATA 135
COMMON /CVBC/ MXVES,MXVNP,MXRPR,MXRDP,NVES,NVNP,NRPR, NRDP DATA 140
COMMON /CDBC/ MXDNP,MXDPR,MADDP,NDNP,NDPR,NDDP DATA 145
c DATA 150
COMMON /SMTL/ MAXMAT ,MXSPPM ,MXMPPM DATA 155
COMMON /CMTL/ NMAT,NMPPM,NSPPM DATA 160
c DATA 165
DIMENSION TITLE(9) DATA 170
c DATA 175
DIMENSION KPR(MAXNTI),KDSK/MAXNTI) , TDTCH(MXNDTC) DATA 180
C DATA 185
DIMENSION PROP(MXMPPM,MAXMAT) DATA 190
DIMENSION THPROP(MXSPPM,MAXMAT) ,AKPROP(MXSPP}{,MAXMAT) DATA 195
c DATA 200
DIMENSION X(MAXNP),Y(MAXNP) ,Z(MAXNP), IE(MAXEL,9), H(MAXNP) DATA 205
DIMENSION DCOSB(3,MAXBES),1SB(6,MAXBES), NPBB(MAXBNP) DATA 210
c DATA 215
DIMENSION MSEL(MXSEL),ISTYP(MXSEL) DATA 220
DIMENSION SOSF(MXSDP,MXSPR),TSOSF(HXSDP,MXSPR) DATA 225
DIMENSION NPW(MXWNP), IWTYP(MXWNP) DATA 230
DIMENSION WSSF(MXWDP,MXWPR) ,TWSSF(MXWDP, MXWPR) DATA 235
c DATA 240
DIMENSION QCBF(MXCDP,MXCPR) ,TQCBF(MXCDP,MXCPR), ICTYP(MXCES) DATA 245

DIMENSION ISC(5,MXCES),NPCB(MXCNP) DATA 250
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QNBF (MXNDP ,MXNPR) , TQNBF(MXNDP , MXNPR) , INTYP (MXNES)
ISN(5 ,MXNES) ,NPNB(MXNNP)

RF(MXRDP ,MXRPR) , TRF (MXRDP ,MXRPR), IRTYP(MXVES)
ISV(5,MXVES) ,NPVB{MXVNP)

HCON (MXVNP) , HNIN(MXVNP)

HDBF (MXDDP ,MXDPR) , THOBF (MXDDP ,MXDPR) , IDTYP (MXDNT)
NPDB (MXDNP)

NNPLR(MXREGN) ,GNLR (LTMXNP ,MXREGN)

NIMI(4) ,NJMI(4),TeM(8)
PMAT(3,6) ,AKPAR(3,8),THPAR(3,8)

DATA PMAT/4H  S,4HAT K,4HXX ,4H  S,4HAT K,4HYY ,4H S,
> 4HAT K,4HZZ ,4H  S,4HAT K,GHXY ,4H  S,4HAT K,4HXZ ,4H
SLHAT K,4HYZ /

DATA THPAR/4H ,4H TH1,G4H AT ,GH TH2,GH ,GH
> 4H TH3,4H ,GH ,4H THG ,GH LGH ,4H THS,4H ,GH
> 4H TH6,4H ,4H ,GH TH7,4H LGH ,GH TH8,LH  /
DATA AKPAR/4H JGH KL,4H ,4H J4H  K2,4H JGH
> 4H ¥3,4H LGH JGH K& GH GH LGH K5,4H ,

> 4H JGH  K6,4H ,GH JGH K7,4H ,GH ,4H KB, GH

ISTOP=0

*xxkxkk* ATA SET 2: BASIC INTEGER PARAMETERS

READ 10, NNP,NEL,NMAT,NCM,NTI,KSS,NSPPM,NMPPM, KSTR,
1 KCP,KGRAV ,NITER,NCYL,6 NDTCHG,NPITER ,NREGN

IF(NDTCHG

.LE.0) UDTCEG=-1

PRINT 1000, NNP,NEL, NMAT, NCM, NTI,KSS,NSPPM NMPPM, KSTP,
1 KCP,KGRAV,NITER,NCYL,NDTCHG,NPITER,NREGN

*xk*xk* DATA SET 3: BASIC REAL PARAMETERS

READ 20, DELT,CHNG,DELMAX,TMAX,TOLA,TOLB,RHO,GRAV, VISC W,

1 OME,OMI

DELTO=DELT
IF(TMAX.LE.0.0) TMAX-1.0D38

PRINT 1100, DELT,CHNG,DELMAX, TMAX,TOLA,TOLB,6RHO,GRAV,VISC W,

1 OME, OMI

dkkkdk® DATA SET 4: LINE PRINT CONTROL AND DISK STURE CONTROL

READ 30, KrRO,(KPR(ITM),ITM=1,KTI)
READ 39, KDSKO, (KDSK(ITM) K ITM=1 NTI)

HEAD 20,

(TOTCH T, , I~1  NDTCHG)

ORNL-6386
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DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

255
260
265
2;0
275
280
285
90
295
300
305
310
315
320
325
5330
335
340
345
350
355
360
365
370
375
380
385
390
395
400
405
410
41%
420
425
430
435
440
445
450
55
460
465
470
475
480
485
490
495
500
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188
PRINT 1200
PRINT 1210, KPRO, (KPR(ITM) L ITM-1,NTI)
PRINT 1300

PRINT 1210, KDSKO,(KDSK(ITM),ITM=1,6NTI)
PRINT 1350, (TDTCH(I}),I-1,NDTCHG)

*xtrixk DATA SET 5: MATERIAL PROPERTIES

100

PRINT 1400, ((PMAT(I1,J),I-1,3),J-1,NMPPM)
DO 100 I-1,NMAT
READ 20, (PROP(J,i),J~1,NMPPM)

PRINT 1410, I, (PROP(J,I),J=-1,NMPPM)

*erkkk DATA SET 6& SOIL PROPERTIES

110

190

---- READ AND PRINT PARAMETERS REQUIRE TO COMPUTE
---- MOISTURE CONTENT GIVEN THE PRESSURE HEAD

IF (NSPPM_EQ.0) GO TO 200

PRINT 1500, ({THPAR(I,J),I-1,3),J=1,8)
DO 105 I-1,NMAT

READ 20, (THPROP(J,I),J=1,NSPPM)

PRINT 1510, I, (THPROP(J,1),J=1,NSPPM)
CONTINUE

--- READ AND PRINT PARAMETERS REQUIRED TO COMPUTE RELATIVE
--- HYDRAULIC CONDUCTIVITY

PRINT 1600, ((AKPAR(1,J),I=1,3),J=1,8)
DO 110 I=-1,NMAT

READ 20, (AKPROP(J,I1),J=1, NSPPM)

PRINT 1510, I, (AKPROP(J,I),J=1,NSPPM)
CONTINVIE,

IF (KCP.EQ.0) GO TO 200

--- CONVERT FROM SATURATED PERMEABILITY TO SATURATED CONDUCTIVITY

DO 190 I-1,NMAT
PKCF=RHO*GRAV/VISC

DO 190 J=1,6

PROP(J, 1)=PROP(J, I )*PKCF
CONTINUE

whkk¥¥% DATA SET 7: NODE COORDINATES

200

--- READ NODAL POINT COORDINATES

NPI=0

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

505
510
515
520
525
5330
535
54G
545
550
555
560
565
570
575
580
585
590
595
600
605
610
615
620
625
630
635
640
645
650
655
660
665
670
675
680
685
690
695
700
705
710
715
720
725
730
735
740
745
750
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210 READ 40, NI NSEQ,NIAD XI.YI,ZI,XIAD.¥7AR. 71

IF(NI.EQ.0) GO TO 240
NJ=NI+NSEQ
DU 220 NP=NI,6NJ
I=NI+NIAD*(NP-NI)
X(I)=Xi*XIAD*DFLOAT (NP-NI)
Y(I)=YI+YTAD*DFLOAT NP-NI)
Z(1)=ZI+ZIAD*DFLOAT(NP-NI)
NPI=NPI+1

220 CONTINUE
GO TO 210

240 IF(NPI.EQ.NNP) GC TO 250
PRINT 20090
STOP

250 CONTINUE

------- PRINT KODAL POINT COORDINATES

IF(MOD(IGEOM,2).EQ.0) GO TG 270
LINE=0

DO 265 NP=1,NNP.3

NJIMN=NP

NIMX-MINO(NP+2 ,NNP)

LINE=LINE+1
IF(MOD(LINE-1,50).EQ.C) PRINT 2100

()

PRINT 2110, (NJ,X(NJ),Y(NJ)Y,6Z(NJ) NJ=NIJMN, K NIMX)

265 CONTINUE
270 CONTINUE

*xkxkkk DATA SET 8: SUBREGION DATA

CALL READN(NNPLR ,MXREGN ,NREGYN)
IF(MOD(IGEOM,2) .NE.O) PRINT 2200
DO 280 K=1, NREGN

LNNP-NNPLR (K)

CALL READN(GNLR(1,K;,LTMXNP LNNP)

IF(MOD(IGEOM,2) . NE.O) PRINT 2210, K, (GNLR(I,K),I~1,LNNP)

280 CONTINUE

*kkkkkk DATA SET 9: ELEMENT DATA

CPNL-6386

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DAT

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

------- READ ELEMENT INDICES AND COMPUTE MAXIMUM NODAL DIFFERENCE FOR DATA

------- EACH ELEMENT

MMP-0
300 READ 10, MI NSEQ,MIAD, (IEM(I),I=~1,8).1EMAD
IF(MI.EQ.0) GO TO 23(¢

MJ=MI+NSEQ
DO 320 MP-MI M

DATA
DATA
DATA
DASA
DATA
DATA
DATA

755
760
765
770
775
780
785
790
795
800
805
810
815
820
825
830
835
840
845
850
855
860
865
870
875
880
835
890
895
900
905
910
915
920
925
930
935
940
945
950
955
960
955
970
975
980
985
990
995

DATA1000
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310

320

330

350
360

130

£=MI+(MP-MI)*MIAD

DO 310 IQ-1,8
NI=IEM(IQ)+(MP-MI)*IEMAD
IE(M,IQ)-NI

MMP-MMP+1

CONTINUE

GO TO 300

IF(MMP_EQ.NEL) GO TO 350
PRINT 3000, MMP NEL
STOP

DO 260 M-1 KEL
IE(M,9)=1

*%kkzrkk DATA SET 10: MATERIAL CORRECTIONS

410
415

420

IF (NCM.LE.O) GO TO 405
CALL READN(IE(1,97 ,MAXEL ,NCM)

--- PRINT ELEMENT INCIDENCE AND MATERIAL TYPES FOR EACH ELEMENT

CONTINUE

1F(MOD(1GEOM,2) .EQ.0) GO TO 415
LINE=0

DO 410 NI-1,NEL,2

NIMN=NI

NJIMX=~MINO(NT+1 ,NEL)

LINE=LINE+1
IF(MOD(LINE-1,50) .EQ.0) PRINT 2700
PRINT 3100, (NJ,(TE(NJ,K), K=1,9),NJ=NJMN,NIMX)
CONTINUE

CONTINUE

--- CHECK IF MATERIAL TYPE FOR EACH FLEMENT IS CORRECT

DO 420 M=1,NEL

MTYP=IE(Y,9)

IF(MTYP.GT.0 .AND. MTYP.LE.NMAT) GO TO 420
PRINT 4200, M

ISTOP=ISTOP+1

CONTINUE

IF(ISTOP.EQ.0) GO TO 430
PRINT 4300, ISTOP
STOP

--- IDENTIFY ROUNDARY ELFEMENTS AND COMPUTE DIRFCTIONAL COSINES

CONTINUF.

DATA1005
DATA1010
DATA1015
DATA1020
DATA1025
DATA1030
DATA1035
DATA1040
DATA1045
DATA1050
DATA1055
DATA1060
DATA1065
DATA1070
DATA1075
DATA1030
DATA1085
DATA1090
DATA1095
DATA1100
DATA1105
DATA1110
DATAL1115
DATA1120
DATA1125
DATA1130
DATA1135
DATA1140
DATA1145
DATA1150
DATA1155
DATA1160
DATAL165
DATA1170
DATA1175
DATA1180
DATA1185
DATA1190
DATA1195
DATA1200
DATA1205
DATA1210
DATAL1215
DATA1220
DATA1225
DATA1230
DATA1235
DATA1240
DATA1245
DATA1250



- C #thmaxt DATA SET 12: INTEGERS CONTROLLING SOURCES AND B.C.
R c~ S - B .

_ READ 10, NSEL.NSPR,NSDP, NWNP,NWPR,NWDP, NCES, KCNP,NCPR,NCDP,
: 1 NNES,NNNP,KNPR,NNDP, NVES,NVNP,NRPR,NRDP, NDNP,NDFPR,NDDP

c :

PRINT 5100, NSEL,NSPR,NSDP, NWNP,NWPR,NWDP
PRINT 5150, NCES,NCNP,NCPR,NCDP,NNES,NNNP,NNPR,NNDP,
1 NVES,NUNP,NRPR,NRDP_ NDNP,NDPR,NDDP

c

C *#%sa4* DATA SET 13: SOURCE DATA

c

IF(NSEL.EQ.0) GO TO 560
PRINT 5300
DO 510 I-1,NSPR
READ 20, (TSOSF(J,I),SOSF(J,I),J-1,NSDP)
PRINT 5500, I
PRINT 5510, (TSOSF(J,1),SOSF(J,1),J=1,NSDP)
510 CONTINUE

c _

Coermmnn- READ SOURCE TYPE ASSIGNED TO EACH ELEMENT

c

READ 10, (MSEL(M),M-1,NSEL)
CALL READN(ISTYP,MXSL'.,NSEL)

c -

C -emonnn PRINT ELEMENT SOURCE/SINK PROFILES AND TYPE

lad

LINE=0
DO 520 I-1,NSEL,S
LINE=LINE+1
| IF(MOD(LINE-1,50) .EQ 0) PRINT 5600
NJMN=T
NJMX=MINO (I +4 ,NSEL)
PRINT 5650, (J,MSE.(J),ISTYP(]),J=HIMN,NIH)
520 CONTINUE

--

191

IF(IGEOM_LE.1) CALL SURF(X,Y,Z,1IE, DCOSB,ISE NPBB)
REVIND 3

ORNL-6386

vVATA1255
DATA1260

IF(IGEOM.LE.1) WRITE(3) NBES,NBNP,{(DCOSB(J,I;.1~1,3),I-1 NBES). DATA1265

1 ((ISB(J,I),J-1,6),1=1,NBES), (NPBB(I1),I~1 NBNF)

DATA1270

IF(IGEOM.GT.1) READ{3}) NBES,NBNP,((DCOSB(J,1).j=1,3),I=1 ,NBES), DATA1275

1 ((ISB(J,I),J~1,6),I~=1,KBES), (NPBB(I),h I~1,NBNP)

g DATA SET 11: INITIAL CONDITIONS

---- READ INITIAL OR PRE-INITIAL CONDITIONS VIA CARDS

CALL READR(H,MAXNP ,NNP)

DATA1280
DATA1285
DATA1290
DATA1295
DATA1300
DATA1305
DATA1310

DATA1315- -

DATA1320
DATA1325
DATA1330
DATA1335
DATA1340
DATA1345
DATA1350
DATA1355
DATA1360
DATA1365
DATAL1370
DATA1375
DATA1380
DATA1385
DATA1390
DATA1395
DATA1400
DATA1405
DATA1410
DATAl415
DATA1420
DATA1425
DATA1430
DATAY435
DATA1440
DATA1445
DATA1450
DATA1455
DATA1460
DATA1465
DATA1470
DATA14T5
DATA1480
DATAL485
DATA1490
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560 IF(
PRI
DO

READ AND WRITE WELL SOURCE/SINK PROFILES

NWNP.EQ.0) GO TO 600
NT 5700
570 I-1,NWPR

152

‘READ 20, (TWSSF(J,I),WSSF(J,I),J=1,NWDP)
PRINT 5710, I

PRINT 5510,
570 CONTINUE

— .- -

READ WELL SOURCE/SINK NODES AND TYPE OF PROFILES ASSIGNED TO

EACH OF NWNP NODES.

READ 10, (NPW(I),I~1 NWNP)
* CALL READN(IWTYP.MXVKP NWAP)

PRINT GLOBAL WELL NODE NUMBERS AND PROFILE TYPE OF WELL NODE

LINE~O

DO

590 I~-1,NWNP,S

LINE=LINE+1
IF(MOD{LINE-1,50) JEQ.C) PRINT 5800
NIMN=I

NIMX=MINO(I+4 ,NUNP)

PRINT 5850,
590 CONTINUE

*hhEkLk DATA SET 14: R

6u0 IF(
PRI

-------

PRI
DO

PRI
PRI

CALL READN(IRTYP ,MXVES NVES)

-------

.......

NVES . EQ.9Q) GO TO 700

NT 6000

(T4SSF(J,1),WSSF(s,1),J=1 ,NWDP)

(J,NPW(J), INTYP(J) ,J=NJMN,NJMX)

"{FALL/EVAPORATION - SEEPAGE BOUNDARY CONDITIONS

READ AND WRITE RAINFALL (+)/EVAPORATION (-) PROFILES

NT 6100
610 I=-1,NRPR

READ 20, (TRF(J,I),RF(J,I}),J=1,NRDP)

NT 6150, I

NT 5516, (TRF(J,I),RF(J,I),J=1,NRDP)
610 CONTINUE '

READ RAINFALL/EVAPORATION TYPE ASSIGNED TO EACH RS SIDE

READ FOUR GIOBAL 'ﬂuF 0
BOUNDARY ELFMENT SILE

UMBEP FOR EACH OF

ALL

hap e .
JARITADRLE

DATA1495
DATA1500
DATA1505
DATA1510
DATA1515
DATA1520
DATA1525
DATA1530
DATA1535
DATA1540
DATA15645
DATA1550
DATA1555

" DATA1560

DATA1565
DATA1570
DATA1575
DATA1580
DATA1585
DATA1590
DATA1595
DATA1600
DATA1605
DATA1610
DATA1615
DATA1620
DAT/ 1625
DATA1630
DATA1635
DATA1640
DATA1645
DATA1650
DATA1655
DATA1660
DATA1665
DATA1670
DATA1675
DATA1680
DATA1685
DATA1690
DATAL695
DATAL700
DATA1705
DATA1710
DATALI71>
DATA1720
DATAL725
DATAL730
DATAL735
DATAL 240
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. - MP1=0
READ 10, MI NSEQ,MIAD,I1,12,13,14,11AD,I2AD 1I3AD, II»AD
IF(MI.EQ.0) GO TO 630
MI-MI+NSEQ
DO 625 MP=MI MJ
I=MI+(MP-MI)*MIAD
ISV(1,I)=I1+(MP-MI)*11AD
ISV(2,1)=12+(MP-MI)*12AD
ISV(3,I)=13+(MP-MI)*13AD
ISV(4, 1)=14+(M2- HI)*I’&AD
HPI-MPI+1
© 625 CONTINUE

.. GO TO 620
IF(MPI.EQ.NVES) GO TO 635
PRINT 6300 V
STOP

------- PRINT INPUTTED GLOBAL NODAL NUMBER AND RAINFALL TYPES OF ALL
------- VARIABLE BOUNDARY ELEMENT SIDES.

LINE=0
DO 640 MP-1,NVES,K3
; LINE=LINE+1
IF(MOD(LINE-1,50).EQ.0) PRINT 6400
NJMN-MP
NJMX-MINO(MP+2 ,NVES) '
PRINT 6450, (J,(IsSvV(1,J),I~1,4),IRTYP(J), J-NJHN NJHX)
640 CONTINUE

C ------- READ GLOBAL NODAL NUMBER FOR EACH OF ALL VARIABLE NODES.
CALL READN(NPVB,MXVNP,NVNP)

C------- READ PONDING DEPTH AND MINIMUM HEAD FOR EACH OF ALL RS NODES

CALL READR (HCON,MXVNP,NVNP)
CALL READR (HMIN MXVNP,KNVNP)

} C------- PRINT GLOBAL NODAL NUMBER, PONDING DEPTH AND MINIMUM PRESURE
C--ev--- RESSURE HEAD FOR ALL VARIABLE BOUNDARY NODES

LINE=(

DO 645 I-1,NVNP,3

LINE~LINE+}

IF(MOD(LINE-1,50).EQ.0) PRINT 6500

NJMN=1

NIMX=MING(I+2 ,NVNP)

PRINT 6550, (.J,NPVB(J),HCON(J), HMIN(J),J=NJMN K NJIMX)
645 CONTINUE

DATA1745
DATA1750
DATA1755
DATA1760
DATA1765
DATA1770
DATA1775
DATA1780
DATA1785

_ DATA1790 . _
" DATA1795

DATA1800
DATA1805
DATA1810
DATA1815
DATA1820
DATA1825
DATA1830 -
DATA1835
DATA1840
DATA1845
DATA1850
DATA1855
DATA1860
DATA1865
DATA1870
DATA1875
DATA1880
DATA1885

‘'DATA1890

DATA1895
DATA?900
DATA1905
DATA1910
DATA1915
DATA1920
DATA1925
DATA1930
DATA1935
DATA1940
DATA1965
DATA1950
DATA1955
DATA1960
DATA1965
DATA1970
DATA1975
DATA1980
DATA1985
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- R DATA1990

Sesee-- COMPUTF. BOUNDZARY SIDE NUMBER FOR EACH OF ALL VARIABLE DAYA1995

------- BOUNDARY SIDES. DATA2000

. , ] DATA2005

DO 659 MI-1,NVES DATA2010

DO 651 1Q-1,4 ) DATA2015

NIMI(IQ)}=ISV(IQ,MI) : DATA2020

: DATA2025

DO 657 MJ=1,NBES - DATA2030

DO 652 JQ=1,4 - DATA2035

1J=-ISB(JQ,MJ) - DATA2040

NTMJ(JQ)=RPBB(1J) , DATA2045

. 1EQ=0 DATA2050

. -DO 656 IQ=1,4 , - DATA2055

" NI-NIMI(IQ) - ‘ DATA2060

DO 653 JQ=1,4 . " DATA2065

NJ-RJMJI (JQ) , DATA2070

IF(NJ.EQ.NI} GO TO 655 ) DATA2075

CONTINUE ' DATA2080

GO TO 657 ] DATA2085

655 TEQ=IEQ+l ~ DATA2090

656 CONTINUE DATA2095

| IF(1EQ.EQ.4) GO TO 658 DATA2100
- 657 CONTINUE DATA2105

| c : DATA2110

: PRINT 6570, MI DATA2115

g ' STOP , DATA2120

X © 658 ISV(S5,MI)=MJ - DATA2125

. c DATA2130

: 659 CONTINUE DATA2135

T c DATA2150

P CHANGE NPVB FROM CONTAINING GLOBAL NODAL NUMBER TO DATA2145

C------- CONTAINING BOUNDARY NODAL NUMBER. DATA2150

- c DATA2155

| DO 669 NP=1,NVN?P DATA2160

NI=NPVB(NP) _ DATA2165

c DATA2170

. DO 665 I-1,NBNP DA1A2175

| NJ=NPBB(I) ’ DATA2180

IF(NJ.NE.NI) GO TO 665 DATA2185

| NII=-I DATA2190

| GO TO 667 DATA2195

| 665 CONTINUE DATA2200

‘ c DATA2205

| PRINT 6670, NP DATA2210

| “TOP DATA2215

667 NPVB(NP)=NII DATA2220

c DATA2225

669 CONTINUE DATA2230
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_ DATA2235

S PRINT COMPUTED BOUNDARY NODAL NUMBER FOR ALL VB NODES DATA2240

' DATA22645

LINE=0 'DATA2250

DO 670 I=1,NVNP,10 DATA2255
"LINE-LINE+1 : ‘ DATA2260

£ IF(MOD(LINE-1,50)_EQ.0) PRINT 6700 - DATA2265

- NIMN=I DATA2270

* . NJMX=MINO(I+9,NVNP) DATA2275

< v PRINRT 6750, (J,NPVB(J),J=NJMN,KNJMX) DATA2280

670 CONTINUE- DATA2285

- " DATA2290

---- CHANGE ISV(I,MP) I-1,4 FROM CONTAINING GLOBAL NODAL . DATA2295

----- NUMBER TO CONTAINING BOUNDARY NODAL NUMBER. ' " DATA2300

o ‘ : DATA2305

.+ DO 690 MP=1,NVES L DATA2310

' MPB~ISV(5,MP) ‘ DATA2315

DO 685 IQ=1,4 DATA2320

- NB=ISB(IQ,MPB) DATA2325

PO 675 I=1,NVNP DATA2330

NI-NPVB(I) DATA2335

IF(NI_NE.NB) GO TO 675 DATA2340

NII-I DATA2345

GO TO 680 DATA2350

675 CONTINUE DATA2355

PRINT 6751, IQ,MP , DATA2360

~ STOP DATA2365

680 ISV(IQ,MP)=NII ‘ DATA2370

685 CONTINUE DATA2375

690 CONTINUE DATA2380

c DATA2385

C------- PRINT COMPUTED BOUNDARY NODAL NUMBER & SIDE NUMBER AND DATA2390

C------- RAINFALL TYPES FOR ALL VB SIDFS DATA2395

c DATA2400

LINE=O DATA2405

DO 695 MP=-1,NVES,3 DATA2410

LINE=LINE+1 DATA2415

IF(MOD(LINE-1,50) .EQ.0) PRINT 6900 DATA2420

NIMN=MP DATA2425

NIMX=MINO (MP+2,NVES) DATA2430

PRINT 6950, (J,(ISV(I,J),I=1,5),IRTYP(T),J=NIMN,KNIMX) DATA2435

695 CONTINUE DATA2440

c DATA2445

C *%¥%¥k#% DATA SET 15: DIRICHLET BOUNDARY CONDITIONS DATA2450

c DATA2455

C---cv-- READ AND PRINT TOTAL DIRICHLET HEAD PROFILES DATA2460

c DATA2465

700 IF(NDNP.EQ.0) GO TO 800 DATA2470

PRINT 7000 DATA2475

DO 710 I=~1,NDPR DATA2480
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READ 20, (THDBF{J,I), HDBF(J,I),J=1,NDDP). DATA2485
PRINT 7100, 1 B DATA2490

=+ PRINT 5510, (THDBF(J,I) HDBF(J,1),J=1,NDDP) DATA2495
10 CONTINUE DATA2500
o : - DATA2505

4 -- READ GLOBAL NODAL NUMBER OF ALL DIRICHLET NODES AND DATA2510
C ------- THE TYPE' OF TOTAL HEAD ASSIGNED TG EACH OF THEM. DATA2515
- , DATA2520
READ 10, (NPDB(I),I=1,NDNP) : = ) " DATA2525

CALL READN(IDTYP MXDNP,NDNP) ; , DATA2530

, R 'DATA2535
------ PRINT GLOBAL NODAL NUMBER AND PROFILE OF DIRICHLET NODES - DATA2540
: ~ , - DATA2545
- LINE-O - _ - - DATA2550-
PO 720 I=1,NDNP,5 o = DATA2555 .
LINE~LINE+1 . , . o DATA2560
IF(MOD(LINE-1,50) .EQ.0) PRINT 7200 2 . DATA2565
‘NIMN=T . E DATA2570
NJIMX=MINO (I+4 ,NDNP) : DATA2575
~ PRINT 7250, (J,NPDB(J),IDTYP(J),J=NIMN NJMX) " DATA2580
~ 720 CONTINUE ' } DATA2585
c DATA2590
C---mn-- CHANGE NPDB FROM CONTAINING GLOBAL NODAL NUMBER TO DATA2595 -
C ------- CONTAINING BOUNDARY NODAI INUMBER. DATA2600
[+ : DATA2605
' DO 769 NP~1,NDNP DATA2610
NI-NPDB(NP) , DATA2615
c , , DATA2620
" DO 765 1-1 NBNP DATA2625
- NJ=NPBB(I) ' DATA2630
IF(NJ.NE.NI) GO TO 765 DATA2635
NII-I DATA2640
GO TO 767 DATA2645
765 CONTINUE DATA2650
c JaTa2655
PRINT 7670, NF DATA2660
STOP DATA2665
. 767 NPDB(NP)=NII DATA2670
c , DATA2675
769 CONTINUE DATA2680
c DATA2685
Cceevvn--n- PRINT COMPUTED BOUNDARY NODAL NUMBER AND TYPE OF PROFILES  DATA2690
C --rrvmnnr FOR DIRICHLET BOUNDARY NODES DATA2695
c DATA2700
LINE=0 DAT22705
DO 770 I~1 KDNP,5 DATA2710
LIME=LINE+] DATA2T71S
IF(MOD(LINE-1,50) .£G.0) PRINT 7700 DATA2720
NJIMN=T DATA2725

NIMX~MINOC(I+4 NDNT DATA2730
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PRINT 7750, (3,NPLB(J),IDTYP(J),J=NIMN NIMX) - DATA2735

DATA2740

, - T DATA274S5

DATA SET 16: CAUCHY BOUNDARY CONDITIONS DATA2750
- , : : DATA2755

- READ AND PRINT CAUCHY FLUX PROFILES o DATA2760

' ’ . DATA2755 e

IP(NCES.EQ.0) GO TO 900 DATA2770

PRINT 8000 : e

D 810 I-1,NCPR

READ 20, (TQCBF(J,I) QCBP(J 1),J=1,NCD®)

PRINT 8100, I R

NT. 5510, (TQCBF(J D, QCBF(J 1),J-1 ucov) o

nmz

~READ CIUCHY FLUX - TYPE ASSIGNED TO EACH CAUCHY SIDE

CALL READN(ICTYP MXCES ,NCES) — DATA2820 -
C o DATA2825
“ee----- READ FOUR GLOBAL NODE NUMBER FOR EACH OF ALL CAUCHY SIDES .- DATA2830
c - DATA2835
MPI=0 DATA2840
, 820 READ 10, MI NSEQ.MIAD,11,12,13,14,11AD,12AD,13AD,14AD DATA2845
SN IF(MI.EQ.0) GO TO 830 DATA2850
e MI-MI+NSEQ : DATA2855
DO 825 MP-MI,MJ DATA2860
T=MI+(MP-MI)*MIAD ] ' DATA2865
. " ISC(1,1)~I1+(MP-MI)*I1AD ; DATA2870
_ 18C(2,1)~12+(MP-MI)*I2AD : - DATA287S.
ISG(3,1)~13+(MP-MI)*13AD DATA2880
1SC(4, 1)=14+(MP-MI)*I4AD DATA2885
MPI-MPI+1 DATA289(
825 CONTINUE DATA2895
‘ GO TO 820 DATA2900
830 IF(MPI.EQ.NCES) GO TO 835 DATA2905
PRINT 8300 ~ DATA2910
STOP : DATA2915
c DATA2920
C ------- PRINT INPUTTED GLOBAL NODAL NUMZER AND CAUCHY FLUX TYPES DATA2925
C crvve-- FOR ALL CAUCHY BOUNDARY ELEMENT SIDES. DATAZ2930
c DATA2935
835 LINE=0 DATA2940
DO 840 MP-1,NCES,3 DATA2945
LINE=LINE+] DATA2950
IP(MOD(LINE-1,50) .EQ.0) PRINT 8400 DATA2955
NIMN=MP DATA2960
NJMX=-MINO (MP+2,NCES) DATA2965
PRINT 8450, (J,(ISC(I,J),I~1,56),ICTYP(J),J=NIMN, NIMX) " DATA2970

840 CONTINUE DATA2975
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DATA2980
READ GLOBAL NODAL N'WBER FOR EACH OF ALL CAUCHY NODES. DATA2985

DATA2990

, READ 10, (NPCB(1),I=1,NCNP) DATA2995
‘c : DATA3000
C ------- PRINT GLOBAL NODAL NUMBER FOR ALL CAUCHY NODES DATA3005
c "~ DATA3010
) LINE=0 DATA3015
DO 845 I=1,NCNP,10 DATA3020
LINE=LINE+1 , : DATA3025
IF(MOD(LINE-1,50).EQ.0) PRINT 8500 DATA3030
NIMN=I , ‘ DATA3035
NJMX=-MINO(I+9,6NCNP) o DATA3040

PRINT 8550, (J,NPCB(J),J=NIMN,NJIMX) DATA3045

- 845 CONTINUE - - ' DATA3050
c ‘ : DATA3055
Y T COMPUTE BOUNDARY SIDE NUMBER FOR ALL CAUSHY SIDES DATA3060
c DATA3065
DO 859 MI=1,NCES i DATA3070

- DO 851 IQ=1,4 DATA3075

. 851 NIMI(1Q)=ISC(IQ,MI) DATA3080
C DATA3085
DO 857 MJ=~1,NBES DATA3090

DO 852 JQ=1,4 DATA3095
1J=1SB(JQ,MJ) ~ DATA3100

852 NJMJ(JQ)-=NPBB(1J) DATA3105
1EQ=0 DATA3110

DO 856 IQ=1,4 DATA3115
NI=NIMI(1Q) DATA3120

DO 853 JQ=1,4 DATA3125
NJ=NIMJ (JQ) DATA3130
IF(NJ.EQ.NI) GO TO 855 DATA3135

253 CONTINUE DATA3140
GO TO 857 DATA3145

855 1EQ=IEN+1 DATA3150
856 CONTINUE DATA3155
IF(1EQ.EN.4) ¢©D TO 858 DATA3160

857 CONTINUE DATA3165

c DATA3170
PRINT 8570, MI DATA3175

STOP DATA2180

858 1SC(5,MI)=MJ , DATA3185

c DATA3190
859 CONTINUE DATA3195

c DATA3200
C -vv--ve- CHANGE NPCB FR™ ° CONTAINING GLOBAL NODAIL NUMBER TO DATA3205
C wevvre- CONTAINING BOUNDARY NODAL NUMBER. DATA3210
c , DATA3215
DO 869 NP-1, NCNP DATA3220

NI~-NPCB(NP) DATA3225
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DO 865 I-1,NBNP
NJ=NPBB(I)
IF(NJ.NE.NI1) GO TO 865

" NII=I

' 865

867
. 869

870

GO TO 867
CONTINUE

PRINT 8670, NP
STOP
NPCB(NP)=NII

CONTINUE

----- PRINT COMPUTED BOUNDARY NODAL NUMBER FOR ALL CAUCHY NODES

LINE=0

DO 870 I~1,NCNT 10

LINE=LINE+1
IF(MOD\LINE-1,50) .£9.0) PRINT 8700
NIMN=-1 i
NIMX=MINO(I+9,NCNP) ‘ :
PRINT 8750, (J,NPCB(J),J=NJMN,6NJMX)

CONTINUE

g

*kkkkkk DATA SET 17: NEUMANN BOUNDARY CONDITIONS

900

I

--- READ AND PRINT NEUMANN FLUX PROFILES

IF(NNES.EQ.0) GO TO 999

PRINT 9000

DO 910 I-1,NNPR

READ 20, (TQNBF(J,I1),QNBF(J,I),J=1,NNDP)
PRINT 9100, 1

PRINT 5510, (TQNBF(J,I),QNBF(J,I),J=1,NNDP)
CONTINUE

--- READ NEUMANN FLUX TYPE ASSIGNED TO EACH NEUMANN SIDE
CALL READN(INTYP MXNES,6NNES)

--- READ FOUR GLOBAL NODE NUMBER FOR EACH OF ALL NEUMANN SIDES

MPI=0

READ 10, MI,NSEQ,MIAD,I1,12,13,14,11AD,T72AD, 134D, I4AD
IF(MI.EQ.0) GO TO 930

MJ=MI+NSEN

DO 925 MP=MI MJ

[=MI+(MP-MI)*MIAD

ISN(L,1)~I1+(MP-MI)*11AD

DATA3230
DATA3235
DATA3240
DATA3245
DATA3250
DATA3255
DATA3260
DATA3265
DATA3270
DATA3275
DATA3280
DATA3285
DATA3290
DATA3295
DATA3300

DATA3305

DATA3310

"~ DATA3315

DATA3320
DATA3325
DATA33130
DATA3325
D£TA3340
DATA3345
DATA3320
DATA3355
DATA3360
DATA3365
DATA3370
DATA3375
DATA31380
DATA3385
DATA3390
DATA3395
DATA3400
DATA3405
DATA3410
DATA34) 5
DATA3420
DATA3425
DATA3430
DATA3435
DATA3440
DATA3445
DATA3450
DATASGSS
DATA3460
DATA3465
DATAY: T
DATAZ47S
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951

952

ISN(2,1)=12+(MP-MI)*I2AD
ISN(3,1)=I3+(MP-MI)*I3AD
ISN(4,1)=14+(MP-MI)*14AD
MPI-MPI+1

CONTINUE

GO TO 920

IF(MPI.EQ.NNES) GO TO 935
PRINT 9300

STOP

--- PRINT INPUTTED GLOBAL NODAL NUMBER AND NEUMANN FLUX TYPES
--- FOR ALL NEUMANN BOUNDARY £LEMENT SIDES.

LINE=0

DO 940 MP=1,NNES,3

LINE-LINE+1 :

IF(MOD(LINE-1,50) .EQ.C) PRINT 9400

NIMN=MP

NJMX=-MINO (MP+2 ,NNES)

PRINT 9450, (J,(ISN(I,J),I=1,4),INTYP(J),J=NJMN, NJMX
CONTINUE :

--- READ GLOBAL NODAL NUMBER FOR EACH OF ALL NEUMANN NODES.
READ 10, (NPNB(I),I-1,NNNP)
--- PRINT GLOBAL NODAL NUMBER FOR ALL NEUMAKN NODES

LINE=0

DO 945 I~=1,NNNP,10

LINE~LINE+1

IF(MOD(LINE-1,50) .EQ.0) PRINT 9500
NJIMN=1

NIMX=MINO(I+9,NNNP)

PRINT 9550, (J,NPNB(J),J=NJMN,NJIMX)
CONTINUE

--- COMPUTE BOUNDARY SIDE NUMBER FOR EACH OF NEUMANN
- -- BOUNDARY SIDES.

DO 959 MI=1,NNES
DO 951 IQ-1,4
NIMI(IQ)=ISN(IQ,MI)

DO 957 MJ=1,NBES
DO 952 JQ=1,4
1J=I1SB(JQ,MJ)
NJMJ (JQ)=NPBB(1J)
1EQ=0

DO 956 1Q-1,4

DATA3480
DATA3485
DATA3490
DATA3495
DATA3500
DATA3505
DATA3510
DATA3515
DATA3520
DATA3525
DATA3530
DATA3535
DATA3540
DATA3545
DATA3550
DATA3555
DATA3560
DATA3565
DATA3570
DATA3575
DATA3580
DATA3585
DATA3590
DATA3595
DATA3600
DATA3605
DATA3610
DATA3615
DATA3620
DATA3625
DATA3630
DATA3635
DATA3640
DATA3645
DATA3650
DATA3655
DATA3660
DATA3665
DATA367C
DATA3675
DATA3680
DATA3685
DATA3690
DATA3695
DATA3700
DATA3705
DATA3710
DATA3715
DATA3720
DATA372S




953

955
956

957

965

967

%9

970

999
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NI-NIMI(IQ) DATA3730
DO 953 JQ-1,4 DATA3735
NJ=-NJMJ (JQ) DATA3740
IF(NJ .EQ.NI) GG TO 955 DATA3745
CONTINUE _ DATA3750
GO TO 957 DATA3755
IEQ=IEQ+1 DATA3760
CONTINUE DATA3765
IF(IEQ.EQ.4) GO TO 958 DATA3770
CONTINUE DATA3775
: DATA3780
PRINT 9570, MI DATA3785
STOP ‘ DATA37990
ISN(5,MI)=MJ DATA3795
DATA3800
CONTINUE DATA3805
DATA3810
--- CHANGE NPNB FROM CONTAINING GLOBAL NODAL NUMBER TO DATA3815
--- CONTAINING BOUNDARY NODAL NUMBER. DATA3820
: DATA2825
DO 969 NP-1,NNNP DATA3830
NT-NPNB(NT) DATA3835
DATA3840
DO 965 I=1,NBNP DATA3845
NJ=NPBB(I) DATA3850
IF(NJ .NE.NI) GO TO 965 DATA3855
NII-T DATA3860
GO.TO 967 DATA3865
CONTINUE DATA3870
DATA3875
PRINT 9670, NP DATA3880
STOP DATA3885
NPNB(NP)=N11 DATA3890
DATA3895
CONIINUE DATA3900
DATA3905
----- PRINT COMPUTED BOUNDARY NODAL NJMBER FOR ALL NEUMANN NODES DATA3910
DATA3915
LINE=O DATA3920
DO 970 I~1,NNNP,10 DATA3925
LINE=LINE+1 DATA3970
IF(MOD(LINE-1,50).EQ.0) PRINT 9700 D.TA3S3S
NIMN=1 DATA3940
NJIMX=MINO (I1+9 ,NNNP) DATA3945
PRINT 9750, (J,NPNB(J),J=NJMN,NJIMX) DATA3950
CONTINUE DATA3955
DATA3960
CONTINUE DATA3965
DATA3970
RETURN DATA3975
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c
10 FORMAT(1615)
20 FORMAT(8D10.3)
30 FORMAT(8011)
40 FORMAT(31S,5X,6D10.3)
c
1000 FORMAT (40HO *&++ BAISC INTEGEk “ARAMETERS #¥%%%//SK,
1 4OH NUMBEP. OF NODAL POINTS. . . . . . . . .,IS/ 5K, -
2 40H NUMBER OF ELEMENTS. . . . . . . . . . .,I5/ 5%,
3 4OH NUMBER OF DIFFERENT MATERIALS . . . . .,I5/ 5K,
4 4OH NUMBER OF CORRECTION MATERIALS. . . . .,I5/ S5X,
5 4OH NUMBER OF TIME INCREMENTS . . . . . . .,IS5//5X,
6 4OH STEADY-STATE I.C. CONTROL . . . . . . .,I5/ SX,
8 4OH NUMBER OF SOIL PARAMETERS . . . . . . .,I5/ SX,
9 40H NUMBER OF MATERIAL PROPERTIES . . . . .,IS5//5K,
A 4OH AUXILIARY STORAGE CONTROL . . . . . . .,I5/ 5X,
B 40H CONDUCTIVITY-PERMEABILITY CONTROL . . ..IS/ SX,
C 40H GRAVITY CONTROL . . . . . . . .. .15/ 5K,
E 40H NO. NF ITERATIONS PER CYCLE . . . . . ..15/ SX,
F 4OH NO. OF CYCLES PER TIME STEP . . . . . .,I5/ 5K,
G 40H NO. OF TIMES TO RESET TIME STEP SIZE ..15/ SX,
H 40H NO. OF BLOCKWISE ITERATIONS ALLOWED . .15/ SX,
I 40H NO. OF SUBREGIONS .. . . . . . . . . . ,I5/)
1100 FORMAT(5X,40H TIME INCREMENT. . . . . . . . . . . . .,E15.6/ 5X,
1 40H MULTIPLIER FOR INCREASING DELT. . . . .,E15.6/ SX,
2 4OH MAXIMUM VALUE OF DELT . . . . . . . . .,E15.6/ SX,
3 4OH MAXIMUM VALUE OF TIME . . . . . . . . .,E15.6//5K,
S 4OH STEADY-STATE TOLERANCE. . . . . . . . .,E15.6/ SX,
6 4OH TRANSIENT-STATE TOLERANCE . . . . . . .,E15.6//5X,
7 40H DENSITY OF WATER. . . . . . . . . . . .,E15.6/ 5X,
8 4OH ACCELERATION OF GRAVITY . . . . . . . .,E15.6/ SX,
9 4OH VISCOSITY OF WATER. . . . . . . . . . .,E15.6//5X%,
A 40H TIME-INTEGRATION PARAMETER. . . . . . .,E15.6/ SX,
B 4OH ITERATION PARAMETER FOR NONLINEAR EQ ,E15.6/ 5X,
C 4OH RELAXATION PARAMETER FOR POINTWISE SOL.,E15.6//)

1200 FORMAT(//6X,14HOUTPUT CONTROL)

1210 FORMAT(10X,5012)

1300 FORMAT(//6X,19HDISK OUTPUT CONTROL)
1350 FORMAT(1HO,6X,’'TIME OF CHANGING DELT'/(10X,8D12.4))

1400 FORMAT (36H1
> 3A4))

*%%* MATERIAL PROPERTIES ***% // 9H MAT. NO., 9(

1410 FORMAT(18,9D12.4)

1500 FORMAT (44H1INPUT TABLE 3. MOISTURE-CONTENT PARAMETERS//
> 9H MAT. NO.,8(3A4))

1510 FORMAT(18,9D12.4/(8X,9D12.4))

1600 FORMAT (40H1
> B(3A4))

*¥%% CONDUCTIVITY PARAMETERS ##%¥%* // 9H MAT. NO.

2000 FORMAT(1HO/S5X,’*%** ERROR IN READING COORDINATE STOP #*%’/)

PATA3980
DATA3985
DATA3990
DATA3995
DATA4000
DATA4005
DATA4010
DATA4015
DATA4020
DATA4025
DATA4030
DATA4035
DATA4 240
DATA4045
DATA4050
DATA4055
DATA4060
DATA4065
DATA4070
DATAG075
DATA4080
DATA4085
DATA4090
DATA4095
DATA4100
DATA4105
DATA4110
DATA4115
DATA4120
DATA4125
DATA4130
DATA4135
DATA4140
DATA%4145
DATA4150
DATA4155
DATA4160
DATA4165
DATA4170
DATA4175
DATA4180
DATA4185
DATA4190
DATA4195
DATA4200

, DATA4205

DATA4210
DATAG215
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2100 FORMAT (38H1 *xk+ NODAL COORDINATE DATA **#+ //IX, DATA4220
> 3(1X.SH NODE,11lH X J11H Y J11H z ,1X)/1X, DATA4225
> 3(IX,SH #hik 33H dkbbbbbik  doobkobbbt  dobbokkt | 1X)) DATA4230

2110 FORMAT(1H ,3(1X,I5,3D11.3,1X)) DATA4235

2200 FORMAT(1H1,5X,25H #+*x QUTPUT GNLR(I,K) #¥+) DATA4240

2210 FORMAT(1HO,S5X,26H ---- SUBREGION NUMBER K =-,14/(6X,10I5)) DATA4245

2700 FORMAT (62H1 %%kt ELEMENT DATA: GLOBAL INDICES OF ELEMENT NODESDATA4250
1 *a%x //2(5X,5H ELM,SH NOD1,S5H NOD2,S5H NOD3,SH NOD4, SH NODS, DATA4255
2 SH NOD6,5H NOL7,5H NOD8,5H MTYP)/2(SX,5H ---,5H ----,5H ----, DATA4260
354 ----,5H ----,5H ----,5H ----,5H ----,5H ----,5H ----)) DATA4265

3000 FORMAT(////’ERROR IN READING IE, MMP =’,I5,’ NEL =’,I5,° STOP’) DATA4270

3100 FORMAT(2(5X,1015)) DATA4275

4200 FORMAT(////40H ERROR IN MATERIAL TYPE CODE FOR ELEMENT,I5///) DATAG280

4300 FCIMAT(////28H EXECUTION HALTED BECAUSE OF,I5,13H FATAL ERRORS///)DATA4285

5100 FORMAT('1 **+% TRANSIENT INTEGERS *+*% *// SX, DATA4290
1 * NO. OF SOURCE ELEMENTS . . . . . . . . ', ,I5/ 5K, DATAG6295
2 ' NO. OF SOURCE PROFILES . . . . . . . .’,I5/ 5K, DATA4300
3 * NO. OF DATA POINTS FOR EACH SOURCE PROF’,15/ 5X, DATA4305
& * NO. OF WELL SOURCES/SINKS NODES . . . ',I5/ SX, DATA6310
5 * NO. OF WELL SOURCE PROFILES . . . . . .’,I5/ 5X, DATAG4315
6 ' NO. OF DATA POINTS IN EACH WELL PROF. .’,I5/) DATA4320

5150 FORMAT(1H /SX, DATA4325
1 4OH NO. OF CAUCHY SIDES . . . . . . . . . .,15/ SX, DATA4330
2 4OH NO. OF CAUCHY NODES . . . . . . . . . .,IS/ SX, DATA4335
3 40H NO. OF CAUCHY FLUX PROFILES . . . . . .,IS/ S5X, DATA4340
4 4OH NO. OF DATA POINTS IN EACH CAUCHY PROF..15/ SX, DATAG345
S 40H NO. OF NELMANN SIDES . . . . . . . . . ,15/ 5X, DATAG350
6 40H NO. OF NFUMANN NODES . . . . . . . . . ,15/ SX, DATA4355
7 4OH NO. OF NEUMANN FLUXES . . . . . .,15/ SX, DATA4360
8 40H NO. OF DATA FOINTS IN NEUMANN PROF. . ..15/ SX, DATAG365
9 40OH NO. OF VARTIABLE BOUNDARY SIDES. . . . .,15/ °X, DATA4370
A 4LOH NO. OF VARIABLE BOUNDARY NODES. . . . .,15/ SX, DATA4375
B 40H NO. OF RAINFALL PROFILES . . . . . ,15/ SX, DATA4380
C 40H NO. OF DATA POINTS IN RAINFALL PROF. . .15/ SX, DATA4385
D 40H NO. OF DIRICHLET NODES . . . . . . ,15/ 5%, DATA4390
E 4OH NO. OF DIRICHLET TOTAL HEAD PROF. . . ..1L/ SX, DATA4395
F 40H NO. OF DATA POINTS IN DIRICHLET PROF. .,15/) DATA4400

5300 FORMAT (1H1/5X,27H #%* SOURCE INFORMATION #¥¥) DATA4405

5500 FORMAT(1HO/5X,12H PROFILE NO.,I2,/ 5(4X,4HTIME,6X,6HSOURCE,2X)/ DATA4410
> 5(4X,4H---- ,6X,6H-c---- ,2X)) DATA4415

5510 FORMAT(1H .5(2D11.3)) DATA4420

5600 FORMAT(1HO//10X,65H ELEMENT NUMBER AND PROFILE TYPES OF ELEMENT  DATA4425
1 //5%,5(5H  1,5H MSEL,5H STYP,5X)) DATA4430

5650 FORMAT(1H ,64X,5(315,5X)) DATA4435

5700 FORMAT(1HO///5X,37H #¥* WELL SOURCE/SINK INFORMATION ##*) DATAL440

5710 FORMAT(1HO/5X,12H PROFILE NO., 12/ 4(4X,4HTIME,6X,6HSOURCE,2X)/  DATAGGLGLS
1 4(4X,4H---- 6X,6H «---- ,2X)) DATA4450

5800 FORMAT(1HO//10X,65H GLOBAL NODAL NUMBER AND PROFILE TYPE OF WELLS DATA4455
1OUCE/SINK NODES  //5X,5(5H I,5H NPW,5H WTYP,5X)) DATAGL60




CRNI.-63E6 204

5850 FORMAT(1H ,4X,5(3I5,5X)) DATA4465
6000 FORMAT(1H1/5X,46H %%kt RAINFALL-SEEPAGE BOUNDARY CONDITIONS #¥*) DnTA4470

6100 FORMAT(1HO///10X,25H --- RAINFALL PROFILE ---; DATA4475

6150 FORMAT(1HO/SX,12H PROFILE NO.,12,//5(4X,4HTIME,6X,6H RAINS,2X)/ DATA4480

> S(4X,4H---- ,6X,6H------ ,2X)) DATA4485

: 6300 FORMAT(1HO,10X,61H #&+ ERRCR IN READING RAINFALL-SEEPAGE FLEMENT DATA4490
o 1SIDE STOP k%) ‘ DATA4495
- 6400 FORMAT(1HO/10X,36H --- INPUTTED VARIABLE SIDE DATA ---//5X, DATA4500
. 2 3(SH MP,5H CN1,5H GN2,5H GN3,5H GN&4,SH RTYP,S5X)/5X, DATA4505
: 3 3(30H -- --- o= eee mee eme- ,5X)) ) DATA4510
6450 FORMAT(1H ,4X,3(6I5,5X)) DATA4515

- 6500 FORMAT(1HO/iOX,36H --- INPUTTED VARIABLE NODE DATA ---//1X, DATA4520

1 3(1X,5H  1,5H NPVB,12H HCON ,12H HMIN  ,1X)/IX, DATA4525

2 3(1X,54  -,5H ----,124 ceee L12F ceee L1X)) DATA4530

6550 FORMAT(1H ,3(1X,2I5,2D12.4,1X)) DATA4535

6570 FORMAT(1H1/5X,44H CANHOT FIND A BOUNDARY SIDE COINCIDING WITH,  DATA4540

1 I3,36H-TH VARIABLE BOUNDARY SIDE: STOP #¥+) DATA4545

- 6670 FORMAT(1H1/5X,44H #%%* CANNOT FIND A BOUNDARY NODAL NUMBER FOR,  DATA4550
1 13,31H-TH VARIABLE BOUNDARY NODE STOP) DATA4555

6700 FORMAT(1HO//10X,47H COMPUTED BOUNDARY NODAL NUMBER OF ALL VB NODESDATA4560

1 //5X,10(SH  I,5H NPVB,2X)/SX,10(5H  -,5H ----,2X)) DATA4565

6750 FORMAT(1H ,4X,10(2I5,2X)) DATA4570

6751 FORMAT(1HO,5X,42H #%* CAN NOT FIND A COMPRESSED RS NODE FOR, DATA4575

1 12,12H-TH POINT OF,14,20H-TH RS SIDE STOP ##%) DATA4580

6900 FORMAT(1HO/10X,30H --- COMPUTED VB SIDE DATA ---,//1X, DATA4585

1 3(5H MP,SH CNP1,5H CNP2,5H CNP3,5H CNP4,5H MPB,5H RTYP,1X)/1X,DATA4590

2 3(54 --,5H ----,5H ----,5H ----,5H ----,5H ----,5H ----,1X))  DATA4595

6950 FORMAT(1H ,3(715,1X)) DATA%600

7000 FORMAT(1H1/5X,40H %%%* DIRICHLET BOUNDARY CONDITIONS ****) -  DATA4605

7100 FORMAT(1HO/SX,12H PROFILE NO.,I2,/ &4(4X,4HTIME,6X,6H HEAD ,2X)/  DATA4610

> 4(4X,4H---- ,6X,6H ---- ,2X)) DATA4615

7200 FORMAT(1HO//10X,65H GLOBAL NODAL NUMBER AND PROFILE TYPE OF DIRICHDATA4620

1LET BOUNDARY NODES//5X,5(5H  I,5H NPDB,SH TYPE,SX)/ DATA4625

1 5X,5(54  -,5H ----,5H ----,5X)) DATA%630

7250 FORMAT{1H ,4X,5(315,5X)) DATA4635

7670 FORJAT(1H1/5X,44H #%%* CANNOT FIND A BOUNDARY NODAL NUMBER FOR,  DATA4640

1 13,32H-TH DIRICHLET BOUNTARY NODE STOP) DATA4645

7700 FORMAT(1HO//10X,66H COMPUTED BOUNDARY NODAL NUMBER & TYPE OF DIRICDATA4650

1HLET BOUNDARY NODES//SX,5(5H  I,5H NPDB,5H TYPE,5X)/ DATA4655

1 5X,5(5H  -,5H ----,5H ----,5K)) DATA4660

7750 FORMAT(1H ,4X,5(315,5X)) DATA4665

8000 FORMAT(1H1/5X,38H #%%% CAUCHY BOUNDARY CONDITIONS #¥##) DATA4670

8100 FORMAT(1HO/5X,12H PROFILE NO.,12/ 4(4X,4HTIME,6X,6H FLUX ,2X)/  DATA4675

> 4(4X,6H----,6X,6H ---- ,2X)) DATA4680

8300 FORMAT(1HO,10X,61H ##% ERROR IN READING CAUCHY BOUNDARY ELEMEN DATA4685

1T SIDE STOP *) DATA4690

8400 FORMAT(1HO/10X,34H --- INPUTTED CAUCHY SIDE DATA ---//5X, DATAG695

1 3(5H MP,SH GON1,5H GN2,5H GN3,5H GN&,SH CTYP,5X)/5X, DATA4700

3 3(30H - e e cee eer een. ,5%)) DATA4705
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8450 FORMAT({1H ,4X,3(6I5,5X)) DATA4710
8500 FORMAT(1HO/10K,34H --- IEPUTTED CAUCHY NODE DATA ---//5K, DATAG715
1 10(54  I,5H NPCB,2X)/5X,10(5H  -,SH ----,2X)) DATA4720
8550 FORMAT(1¥ ,4X,10(2I5,2X)) ' DATA4725
8570 FORMAT(1H1/5K,44H CANNOT FIND A BOUNDARY SIDE COINCIDING WITH,  DATA4730
1 I3,36H-TH CAUCY BOUNDARY SIDE:  STOP *&#) DATA4735
8670 FORMAT(1H1/5K,44H +++ CANNOT FIND A BOUNDARY NODAL NUMBER FOR,  DATA4740
1 I3,31H-TH CAUCHY BOUNDARY NODE: STOP) DATAG745
8700 FORMAT(1HO/10X,34H --- COMFUTED CAUCHY NODE DATA ---//5X, DATA4750
1 10(54  I,5H NPCB,2X)/5X,10(SH  -,SH ----,2X)) - DATAATSS
8750 FORMAT(1H ,4X,10(215,2X)) DATA4760
9000 FORMAT(1H1/5X,38H *++* NEUMANN BOUNDARY CONDITIONS ##++) DATAS765
9100 FORMAT(1HO/S5X,12H PROFILE NO. K12/ &4(4X,4HTIME,6X,6H FIUX ,2K)/  DATA4770
> 4(4X,6H---- ,6X,6H ---- ,2X)) DATA4775
9300 FORMAT(1HO,10X,61H ++* ERROR IF READING NEUMANN BOUNDARY ELEMEN DATAG780
 >T SIDE STOP %) DATA5785
9400 FORMAT(1HO/10X,35H --- INPUTTED NEUMANN SIDE DATA ---//5SX, DATA4790
1 3(5H MP,5H GN1,5H GN2,5H GN3,5H GN&,SH NTYP,SX)/SX, DATA4795
23300 -- --- --- <--- --= ---,5K)) _ DATA4800
9450 FORMAT(1H ,4X,3(615,5X)) DATA4805
9500 FORMAT(1HO/10X,35H --- INPUTTED NEUMANN NODE DATA ---//5X, DATA4810
1 10(5H  I,5H NPNB,2X)/SX,10(5H  -,SH ----,2X)) DATA4815
9550 FORMAT(1H ,4X,10(215,2K)) DATA4820
9570 FORMAT(1H1/5X,44H CANNOT FIND A BOUNDARY SIDE COINCIDING WITH,  DATA4825
1 I3,37H-TH NEUMANN BOUNDARY SIDE: STOP #+#) DATA4630
9670 FORMAT(1H1/5X,44H *** CANNOT FIND ,. BOUNDARY NODAL NUMBER FOR,  DATA4835
1 13,31H-TH NEUMANN BOUNDARY NODE: STOP) DATA4840
9700 FORMAT(1HO/10X,35H --- COMPUTED NEUMANN NODE DATA ---//5K, DATA4845
1 1054  1,5H NPNB,2X)/5X,10(5H  -,SH ----,2X)) DATA%4850
9750 FORMAT(1H ,4X,10(215,2X)) DATA4855
c DATA4860
END DATA4865
SUBROUTINE SURF(X,Y,Z,IE, DCOSB,ISB,NPBB) SURF 005
c SURF 010
c SURF 020
Ceomonns TO GENERATE BOUNDARY GEOMETRY. SURP 025
c SURF 030
CHdrdedrdededri ] de e ek 2 A v ok ik dh o 3 A e e ik 4 e i e sl S sk e Ak e ok o § ek bk X 7w SURF 035
c SURF 040
C revane- INPUT: X(NNP), Y(NNP), Z(NNP), IE(NEL,9). SURF 045
c SURF 050
Crevennn OUTPUT: DCOSB(3,NBES), ISB(6,NBES), NPBB(NBNP), NBES, NBKP.  SURF 055
c SURF 060

C FRARWsk ] Wl sk sk oo D Aok ko de ok ob 3ok ekl Aok A e Al ik Sk ik Gk Wik A A % 7w SURF 065
c SURF 070
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IMPLICIT REAL*8(A-H,0-Z)

COMMON /SGENM/ MAXEL,MAXNP MAXBES,MAXBNP,JBAND,MAXNTI ,MXDTCH
COMMON /CGEOM/ NNP,NEL,NBNP,NBES,KCRAV,NTI ,NDTCHG

COMMON /CINTE/ NCYL NITER,KSTR, KPRO,KDSKO,KSS NPITER,IGEOM

DIMENSION X(MAXNP),Y{MAXNP),Z(MAXKP), K IE(MAXEL,9)

'DIMENSION DCOSB(3,MAXBES),ISB(6,MAXBES) ,NPBB(MAXBNP)

DIMENSION IEMI(4),IEMJ(4)

DIMENSIUN KGB(4,6)

~ DATA KGB/1,4,8,5, 1,2,6,5, 2,3,7,6, 4,3,7,8, 1,2,3,4, 5,6,7,8/

NBES=0

NBNP=-0

DO 390 MI-1,NEL
DO 380 Ls-1,6

--- STORE FOUR GLOBAL NODAL NUMBERS OF 1S-TH SIDE OF MI-TH
--- ELEMENT IN ARRAY IEMI(4) FOR LATER USE.

DO 120 IQ-1.4
K=-KGB(IQ,LS)
IEMI(IQ)=IE(MI K)
CONTINUE

--- CHECK IF THE LS-TH SIDE OF ELEMENT MI 1S A BOUNDARY
--- SIDE BY LOOPING OVER EACH OF THE SIX SIDES OF ALL ELEMENTS
--- OTHER THAN THE ELEMENT MI.

DO 270 MJ-1,NEL
IF(MJ.EQ.MI) GO TO 290

DO 280 J=1,6

--- STORE THE FOUR GLOBAL NODAL NUMBERS OF J-TH SIDE OF ELEMENT
--- MJ 1N ARRAY IEMJ(4).

DO 140 JQ=1,4
K=KGB(JQ,J)
IEMJ(JQ)~TE(MJ ,K)
CONTINUE

--- CHECx IF IEMI(4) CONTAINS THE SAME FOUR GLOBAL NODES AS
--- TEMI(4).

1EQ=0

SURF 075
SURF 080
SURF 085
SURF 090
SURF 095
SURF 100
SURF 105
SURF 110
SURF 115
SURF 120
SURF-125
SURF 130
SURF 135
SURF 140
SURF 135
SURF 150
SURF 155
SURF 160
SURF 165
SURF 170
SURF 175
SURF 180
SURF 185
SURF 190
SURF 195
SURF 200
SURF 205
SURF 210
SURF 215
SURF 220
SURF 225
SURF 230
SURF 235
SURF 240
SURF 245
SURF 250
SURF 255
SURF 260
SURF 265
SURF 270
SURF 275
SURF 280
SURF 285
SURF 290
SURF 295
SURF 300
SURF 305
SURF 310
SURF 315
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DO 180 IQ-1,4 SURF 320
NI-IEMI(IQ) SURF 325
DO 160 JQ-1,4 SURF 330
NJ-1EMJ (JQ) SURF 335
IF(NJ.EQ.NI) GO TO 170 SURF 340
CONTINUE SURF 345
GO TO 180 SURF 350
1EQ=IEQ+1 SURF. 355
CONTINUE " SURF 350
, SURF 365
--- IF 1EQ.EQ.4, THEN IEMJ(4) CONTAINS THE SAME FOUR GLOBAL SURF 370
--- NODES AS IEMI(4). THUS THE LS-TH SIDE OF ELEMENT MI IS NOT  SURF 375
--- A BOUNDARY SIDE. HENCE GO TO 380 TO START A NEV SIDE. SURF 380
: SURF 385
IF(1EQ.EQ.4) GO TO 380 SURF 390
_ SURF 395
CONTINUE SURF 400
CONTINUE SURF 405
SURF 410
--- AFTER LOOPING OVER J FROM 1 TO 6 AND MJ FROM 1 7O NEL, WE SURF 415
--- STILL CANNOT FIND A STDE CONTAINING THE SAME FOUR GLOBAL SURF 420
--- NODES AS THE LS-TH SIDE OF ELEMENT MI. THUS THE LS-TH SIDE  SURF 425
--. OF ELEMENT MI IS A BOUNDARY SIDE. SURF 430
SURF 435
NBES=NBES+1 SURF 440
ISB(5,NBES)=LS SURF 445
1SB(6,NBES)=MI SURF 450
SURF 455
--- COMPUTE DIRECTIONAL COSINES FOR THE NBES-TH SIDE. SURF 460
SURF 465
K=KGB(1,LS) SURF 470
NI=-IE(MI,K) SURF 475
K=KGB(2,LS) SURF 480
NJ=IE(MI .K) SURF 485
Al=X(NJ)-XINI) SURF 490
AZ-Y(NJ)-Y(NI) SURF .95
A3=Z(NJ)-2(NI) SURF 500
K=KGB(3,LS) SURF 505
NJ=IE(MI ,K) SURF 510
Bl=X(NJ)-X(NI) SURF 515
B2=Y(NJ)-Y(NI) SURF 520
B3=Z(NJ) -Z(NI) SURF 525
AB23=A2%B1-A3%B2 SURF 530
AB31=A3%B1-Al¥B3 SURF 535
AB12~A1%B2-A2#%B1 SURF 560
AREA=DSQRT (AB23*AB23+AB31*AB31+AB12#AB12) SURF 545
DCOSB(1,NBES)~AB23/AREA SURF 550
DCOSB(2,NBES)=AB31/AREA SURF 555
DCOSB(3,NBES)=AB12/ARFA SURF 560
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IF(LS.EQ.2 .OR. LS.EQ.3 .OR. LS.EQ.6) GO TO 305 SURF 565
DCOSB(1,NBES)~-DCOSB(1,NBES) SURF 570
DCOSB(2 ,NBES)=-DCOSB(2,NBES) SURF 575
DCOSB (3 ,NBES)=-DCOSB(3,NBES) SURF 580

SURF 585

IF(NBES.GT.1) GO TO 320 SURF 590

DO 310 1IQ-1,&4 SURF 595
K~KGB(IQ,LS) SURF 600
NI-IE(MI,K) SURF 605
NBNP=NBNP+1 SURF 610
NPBB(NBNP)-NI : ~_ SURF 615
CONTINUE SURF 620

DO 340 1Q-1.4 SURF 625
K=KGB(1Q,LS) _SURF 630
NI=-1E(MI,K) : SURF 635
DO 330 1J-1,NBNP SURF 640
NJ=-NPBB(1J) SURF 645

- IF(NJ.EQ.NI) GO TO 340 : SURF 650

330 CONTINUE - SURF 655
NBNP=NBNP+1 ' , SURF 660
NPBB(NBNP)=NI SURF 665

340 CONTINUE SURF 670

c SURF 675
380 CONTINUE ) SURF 680
390 CONTINUE SURF 685

c SURF 690
C ------ PRINT BOUNDARY NODE INFORMATION SURF 695
c SURF 700
IF(MOD(IGEOM,2) .EQ.0) GO TO 396 SURF 705
LINE=0 SURF 710

DO 395 I-1,NBNP, 10 SURF 715
LINE=LINE+1 SURF 720
IF(MOD(LINE-1,50).EQ.0) PRINT 3900 SURF 725
NJMN=-1 SURF 730
NJMX=MINO(I+9,NBNP) SURF 735

PRINT 3950, (J,NPBB(J),J=NJMN,NJMX) SURF 740

395 CONTINUE SURF 745

- 396 CONTINUE SURF 750
(v SURF 755
C --eve-- COMPUTE THE COMPRESSED BOUNDARY NODE NUMBER FOR EACH OF THE SURF 760
C -oevv-- FOUR NODES OF A BOUNDARY SIDE SURF 765
c SURF 770
DO 490 MP=-1,NBES SURF 775
LS=ISB(5,MP) SURF 780
M=ISB(6,MP) SURF 785

DO 460 1Q-1,4 SURF 790
1=KGB(1Q,LS) 'SURF 795

NI=-IE(M,1) SURF 800
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DO 420 NB~1,NBNP
NP-NPBB(NB)
IF(NP.NE.NI) GO TO 420
NII-NB
GO TO 440
' 420 CONTINUE
~ PRINT 4000, IQ,MP
4000 FORMAT(1HO,10X,’ CAN NOT FIND A COMPRESSED BOUNDARY NODE FOR’,
.1 12,°-TH POINT GF’,I4,’ -TH BOUNDARY SIDE STOP')
M srop :
440 ISB(IQ,MP)-NII
460 CONTINUE
490 CONTINUE

R P PRINT BOUNDARY SIDE INFORMATION

~ IF(MOD(IGEOM,2).EQ.0) GO TO 696

LINE~O0

DO 695 MP=-1,NBES

LINE-LINE+1

IF(MOD(LINE-1,50) .EQ.0) PRINT 6900

PRINT 6950, MP, (DCOSB(I,MP),I=-i,3),(ISB(I,MP),1~1,6)
695 CONTINUE
696 CONTINUE

3900 FORMAT (1H1//10X,’ *¥%&* COMPUTED BOUNDARY MODE DATA *¥¥%’//5X,
1 1¢(’ 1 NPBB’,2X)/5X,10(’ - ----',2X))
3950 FORMAT(1H ,4X,10(215,2X))

SURF 805
SURF 810
SURF 815
SURF 820
SURF 825
SURF 830
SURF 835
SURF 840
SURF 8545
SURF 850
SURF 855
SURF 860
SURF 865
SURF 870
SURF 875
SURF 880
SURF 885
SURF 890
SURF 895
SURF 900
SURF 905
SURF 910
SURF 915
SURF 920
SURF 925
SURF 930
SURF 935
SURF 940

6900 FORMAT(1H1//10X, *%* COMPUTED BOUNDARY ELEMENT SIDE INFORMATION'’,SURF 945

1 "*kk’//5K, MP DCOSXB DCOSYB DCOSZB’ ,
2’ BP1 BP2 BP3 BP4 LS M'/SX,
3 [ e eewwe= e eeeww | memeees ’
4 [ 4 - - .o o PR --- - _')
6950 FORMAT(1H ,4X,15,3D15.6,615)
c
RETURN
END

SURF 950
SURF 955
SURF 960
SURF 965
SURF 970
SURF 975
SURF 980
SURF 985

it A A e e T
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SUBROUTIRE PAGEN(GROJCX,LNOJCN,LMAXDF,NTNR, GNP, IE,NNR) PAGE 005

Cc ) PAGE 010

CRtdrioiedckd ] Foikeioickedcick 2 hirkicicktoiok 3 otk dede e dek by otk dede ke de 5 dedok kR Aok 6 ke de itk ik Tk PAGE. 015

C PAGE 020

C-ecvnove- TO GENERATE POINTER ARRAYS. ' PAGE 025

c PAGE 030

Chiihiiink ] Fiiiniok 2 ik 3k ik ik Sk G ki ik ko THAPAGE 035

C ‘ ' PAGE 040

C------- INPUT: 1E(NEL,9), GNP(NNR(K),NREGN), NNR(NREGN). PAGE 045

L+ ‘ PAGE 050

C------- OUPUT: GNROJCN(JBAND,NNP), GNP(NNR(K)+1l TO NTNR(K),NREGN), PAGE 055

C------- NTNR(NREGR), LNOJCN(JBAND,NNR(K) ,NREGN), LMAXDF(NREGN).PAGE 060

c ' ‘ PAGE 065
: ,’c***i****1*********2*********3*1*******ﬁ*********5*********5*********7**21&3‘0705
G _ PAGE 075

" IMPLICIT REAL*8(A-H,0-Z) PAGE 080

- INTEGER*4 GNP,GNOJCN ‘ PAGE 085

L ~ PAGE 090

COMMON /SGEOM/ MAXEL,MAXNP ,MAXBES ,MAXBNP ,JBAND ,MAXNTI ,MXNDTC PAGE 095

COMMON /CGEOM/ NNP,NEL,NBNP,NBES,KGRAV,NTI ,NDTCHG PAGE 100

COMMON /15EOM/ MXTNR,MXNR , LMXBW ,MXKR ,NREGN PAGE 105
COMMON /CINTE/ NCYL,NITER,KSTR,KPRO,KDSKO,KSS,NPITER,1GEOM PAGE 110

C PAGE 115

DIMENSION GNOJCN(JBAND,MAXNP) , LNOJCN(JBAND ,MXNR,MXKR) , LMAXDF(MXKR)PAGE 120

DIMENSION IE(MAXEL,9),GNP(MXINR,MXKR) ,NNR(MXKR),NTNR (MXKR) PAGE 125

DIMENSION IEM(8) PAGE 130

c PAGE 135

C *¥ikikt GENERATE GNOJCN(JBAND,MAXNP) BASED ON IE(MAXEL,9) PAGE 140

C . PAGE 145

DO 490 NP~1,NNP ' PAGE 150

c PAGE 155

DO 110 I=-1,JBAND PAGE 160

110 GNOJCN(I,NP)=0 PAGE 165

c PAGE 170

NLNOD=0 PAGE 175

KOUNT-0 PAGE 180

c PAGE 185

DO 390 M~1,NEL PAGE 190

c PAGE 195

DO 160 1Q-1,8 PAGE 200

160 IEM(IQ)~IE(M,6IQ) PAGE 205

c PAGE 210

DO 170 1Q-1,8 PAGE 215

NI=-IEM(IQ) PAGE 220

IF(NI.NE.NP) GO TO 170 PAGE 225

GO TO 220 PAGE 230

170 CONTINUE PAGE 235

GO TO 390 PAGE 240
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PAGE 245

220 PO 290 1Q-1,8 PAGE 250

NI-IE(M,1Q) PAGE 255

A PAGE 260

"C memeee- COMPRESS THE NODES TO 1 TO JBAND PAGCE 265

5 PAGE 270

- NLNOD~NLNOD+1 PAGE 275

IF(NLNOD.GT.1) GO TO 230 PAGE 280

, PAGE 285
e THE FIRST NODE IS ENCOUNTERED ﬂ PAGE 290 .

o PAGE 295

KOUNT-KOUNT+1 . PAGE 300

. " GNOJCN(KOUNT NP)=NI PAGE 305

-~ GO TO 290 3 PAGE 310

c PAGE 315

} meeeee- IF NLNOD IS GREATER THAN 1, WE HAVE TO CHECK IF NI IS THE PAGE 320

—emmee- NODE ALREADY COMPRESSED? IF YES, SKIP. IF NOT INCREASE THE PAGE 325

, ------- KOUNT. : PAGE 330

, : ) PAGE 335

230 DO 240 J=1,KOUNT PAGE 340

NJ=GNOJCN(J ,NP) PAGE 345

1IF(NI.EQ.NJ) GO TO 290 PAGE 350

240 CONTINUE PAGE 355

| c PAGE 360

C -evnnn- THE NODE NI HAS NOT BEEN COMPRESSED YET. HENCE COMPRESS IT. PAGE 365

1 c PAGE 370

KOUNT-KOUNT+1 PACE 1375

GCNOJCN(KOUNT, NP)=NI PAGE 380

c PAGE 385

290 CONTINUE ' PAGE 390

c PAGE 1395

390 CONTINUE PAGE 400

c PAGE 405

IF(KOUNT.LE.JBAND) GO TO 490 : PAGE 410

KONT=KOUNT - 1 PAGE 415

JBND=JBAND-1 PAGE 420

WRITE(6,1000) NP,KONT,JBND ' PAGE 425

STOP PAGE 430

C PAGE 435

490 CONTINUE ~ PAGE 440

C PAGE 445

C wkkk%%% PRINT GENERATED ARRAY GNOJCN PAGE 450

c PAGE 455

IF(MOD(IGEOM,2).EQ.0) GO TO 595 PAGE 460

LINE=0 PAGE 465

DO 590 NP-1,NNP PAGE 470

LINE=LINE+1 PACE 6475

IF(MOD(LINE-1,50).EQ.0) PRINT 5000 PAGE 480

PRINT 5100, NP, (GNOJCN(I,NP), I~1,JBAND) PAGE 485

590 CONTINUE PAGE 490
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C
c
c
C
c

595 CONTINUE

*kkkikk 1, FILL-UP GNP(I,MXKR) FROM I-MXNR+l TO I=~MXTNR BASED ON
*kktdkk  JE(MAXEL,8) AND ON GNP(I,MXKR) FROM I=-1 TO I=MXNR,
*kktiak 2. GENERATE NTNR(MXKR) ALSO BASED ON IE(MAXEL,8) AND ON
*hkddkkx  GNP(I,MXKR) FROM I=1 TO I~MXNR. :

DO 690 K=1,NREGN
LNNP=NNR (K)
LTNNP=LNNP

DO 680 M=1,NEL

DO 630 IQ-1,8
NI-IE(M,IQ)
DO 620 J=1,LNNP
 NJ=GNP(J ,K)

IF(NI.NE.NJ) GO TO 620
GO TO 650

620 CONTINUE

630 CONTINUE

------- NONE OF THE EIGHT NODES IS ONE OF THE INTERIOR NODES
------- HENCE SKIP THIS ELEMENT AND GO TO 680.

GO TO 680

------- ONE OF THE EIGHT NODES IS ONE OF THE INTERIOR NODES,
------- HENCE EACH OF THE EXGHT NODES IS EITHER AN INTERIOR NODE
------- OR AN INTRA-BOUNDARY NODE.

650 DO 670 TQ-1,8
NI-IE(M,1Q)

------- CHECK IF NI IS ONE OF THE POINTS IN GNP(I,K) FOR I=1,LTNNP
DO 660 J=1,LTNNP
NJ=GNP(J ,K)
------- NJ.EQ.NI MEANS NI IS ALREADY ONE OF THE GNP(I,K) rOINTS,
------- HENCE SKIP AND GO TO 670
IF(NJ.EQ.NI) GO TO 670
660 CONTINUE
------- THE 1Q-TH NODE, 1.E. NI, IS NOT ONE OF THE GNP(I,K) POINTS,
------- HENCE FACTOR THIS NODE INTO THE ARRAY GNP(I,K) BY FILLING-UP.

LTNNP=LTNNP+1
GNP (LTNNP,K)=NI
670 CONTINUE

PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
FAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE

495
500
505
510
515
520
525
530
535
540
545
550
555
560
565
570
575
580
585
590
595
600
605
610
615
620
625
630
635
640
645
650
655
660
665
670
675
680
685
690
695
700
705
710
715
720
725
730
735
740
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c PAGE 745
680 CONTINUE PAGE 750

c PAGE 755
NTNR(K)=LTNNP PAGE 760

c PAGE 765
690 CONTINUE PAGE 770

c PAGE 775
C F¥iikkk GENERATE LNOJCN({JBAND,MXNR,MXKR) BASED ON GNP(MXTNR,MXKR) PAGE 780
C #*kixikk AND GNOJCN(JBAND,MAXNP) AND PRODUCE IMAXDF(MXKR) BASED ON PAGE 785
C ##akkkt LNOJCN(JBAND, ,MANR,MXKR) FOR ALL SUBREGIONS. PAGE 790
c PZ"E 795
DO 790 K=1,NREGN PAGE 800
LNNP=NNR (K) PAGE 805
LTNNP=NTNR(K) PAGE 810

c , PAGE 815
DO 710 J=1,JBAND PAGE 820

DO 710 LI-1,LNNP PAGE 825
LNOJCN(J ,LI,K)=0 . PAGE 830

710 CONTINUE PAGE 835

c PAGE 840
C----- GENERATE LNOJCN(JBAND,MXNR, MXKR) PAGE 845
c PAGE 850
DO 770 LI=1,LNNP PAGE 855
NI=GNP(LI,K) PAGE 860

c PAGE 865
DO 750 J=1,JBAND PAGE ‘870
NJ=GNOJCN(J ,NI) PAGE 875

c PAGE 880
IF(NJ.EQ.0) GO TO 740 PAGE 885

c PAGE 890
DO 720 LI=1,LTNNP PAGE 895
NLJ=GNP(LJ,K) ' PAGE 900
IF(NLJ.EQ.NJ) GO TO 730 PAGE 905

720 CONTINUE PAGE 910

c PAGE 915
WRITE (6,7000) K,J,NJ,NI,LI PAGE 920

| STOP PAGE 925
| c PAGE 930
| 730 LNOJCN(J,LI,K)=LJ , PAGE 935
GO TO 750 PAGE 940

c PAGE 945
740 LNOJCN(J,LI,K)=0 PAGE 950

c PAGE 955
750 CONTINUE PAGE 960
770 CONTINUE PAGE 965

c PAGE 970
C-evn-- GENERATE LMAXDF(MXKR) PAGE 975

C PAGE 980
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(2]

anaaon

| C

c

MAXDF=0

214

DO 780 LI-1,LNNP
DO 780 J=1,JBAND
LJ=LNOJCN(J,LI,K)
IF(LJ.GT.LNNP _OR. LJ.EQ.0) GO TO 780

IDIF=-LI-LJ

IF(IDIF.LT.0) IDIF=LJi-LI
IF(MAXDF.LT.IDIF) MAXDF~IDIF

780 CONTINUE

LMAXDF (K)=-MAXDF

790 CONTINUE

**kkkkk  PRINT GENERATED ARRAYS LNOJCN(J,AND,MXNR,MXKR) AND
*hkkidk  GNP(MXTNR,MXKR) .

IF(MOD(IGEOM,2) .EQ.0) GO TO 895
DO 890 K=1,NREGN
PRINT 8000, K

LNNP=NNR(K)

LNNP1=LNNP+1
LTNNP=NTNR(K)

DO 820 I-1,LNNP
PRINT 8200, I,GNP(I,K),(LNOJCN(J,I,K),J=1,JBAND)

820 CONTINUE

DO 830 I-LKNP1,LTNNP
PRINT 8200, I,GNP(I,X)

830 CONTINUE

890 CONTINUE
895 CONTINUE

WRITE(6,9000) (IMAXDF(K),K=1,NREGN)

1000 FORMAT(1HO//5X, " *%**' 14 '-TH NODE HAS',I4,’ NODES SURROUNDING',
1 * IT, WHICH IS
5000 FORMAT (1H1/5¥.’

1 5%,” NP
2°' 9 10
317 18 19
b /5%,28(’

1
11
20

--7))

MORE THAN JBAND - 1 =',I5,' STOP *%*')

** GENERATED SURROUNDING NODES OF ALL NODES *’,//
2 3 4 5 6 7 8,

12 13 14 15 16 17°,

21 22 23 24 25 26 27',

5100 FORMAT(1H ,AX,2814)

PAGE 985
PAGE 990
PAGE 995
PAGE1000
PAGE1005
PAGE1010
PAGE1015
PAGE1020
PAGE1025
PAGE1030
PAGE1035
PAGE1040
PAGE1045
PAGE1050
PAGE1055
PAGE1060
PAGE1065
PAGE1070
PAGE1075
PAGE1080
PAGE1085
PAGE1090
PAGE1095
PAGE1100
PAGE1105
PAGE1110
PAGE1115
PAGE1120
PAGE1125
PAGE1130
PAGE1135
PAGE1140
PAGE1145
PAGE1150
PAGE1155
PAGE1160
PAGE1165
PAGE1170
PAGE1175
PAGE1180
PAGE1185
PAGE1190
PAGE1195
PAGE1200
PAGE1205
PAGE1210
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7000 FORMAT(1HO//SX,’ WE CANNOT FIND A LOCAL NODE IN REGION‘,I3, PAGE1215
1 * CORRESPONDING TO’,13,’-TH COMPRESSED GLOBAL NODE',1I4, PAGE1220

2 * CONNECTING TO GLOBAL NODE’,I4,’ OR CONNECTING TO THE LOCAL ‘', PAGE1225

3 * NODE ',I3) PAGE1230
8000 FORMAT(1H1,10X,’ *** ARRAY GNLR AND INOJCN #***’///5X, PAGE1235
1 * -- SUBREGION K =*,I3,' --'//5X, PAGE1240

2 * LNODE GNODE SURROUNDING AND INCLUDING LOCAL NODES’/SX, PAGE1245
Y ") PAGE1250
8200 FORMAT(1H ,4X,216,2714) PAGE1255
9000 FORMAT(1HO//5X,’ LIST OF HALF BAND WIDTH FOR ALL SUBREGIONS’/S5X, PAGE1260
1 (3014)) PAGE1265

c : PAGE1270
RETURN PAGE" 275

END PAGE1280
SUBROUTINE VELT(VX,VY,VZ, CMATRX, X,Y,Z,1E,H,HT,AKR, PROP) VELT 005

c VELT 010
c********1*********2*********3*********4*********5*********6*********7**VELT 015
c VELT 020
C --mvmn- TO COMPUTE DARCY'S VELOCITY. VELT 025
c VELT 030
Chhdkhdhhkk] kkkkhkhkkkDhhkikkkhkkkJhkhkkkkkkkkhkhkhkhkkkkhkShkkkkhkkkkkhhkhkkkkkkkk]h**xYELT 035
c VELT 040
C --v-v-- INPUT: X(NNP), Y(NNP), Z(NNP), IE(NEL,9), H(NNP), HT(NNP),  "%LT 045
C -nevn-- AKR(8,NEL}, PROP(NMPPM, NMAT) VELT 050
c VELT 055
C ~vevn-- OUTPUT: VX(NNP), VY(NNP), VZ(NNP). VELT 060
c VELT 065
C******‘k*1*********2*********3*********’4*********5*********6******* **7**VELT 070
c VELT 075
IMPLICIT REAL*8(A-H,0-Z) VELT 080

c VELT 085
COMMON /SGEOM/ MAXEL,MAXNP,MAXBES,MAXBNP,JBAND,MAXNTI ,MXNDTC VELT 090
COMMON /CGEOM/ NNP,NEL,NBNP,NBES,KGRAV,NTI ,NDTCHG VELT 095
COMMON /SMTL/ MAXMAT ,MXSPPM,MXMPPM VELT 100

c VELT 105
DIMENSION VX(MAXNP),VY(MAXNP) ,VZ(MAXNP) VELT 110
DIMENSION CMATRX(MAXNP,JBAND) VELT 115
DIMENSION X(MAXNP),Y(MAXNP),Z(MAXNP), IE(MAXEL,9) VELT 120
DIMENSION H(MAXNP),HT (MAXNP),AKR (s, MAXEL) , PROP (MXMPPM, MAXMAT) VELT 125

c VELT 130
DIMENSION QB(8,8),QRX(8),QRY(8),QRZ(8),¥Q(8),¥0(8),20(8), HTQ(8) VELT 135
DIMENSION AKXG(8),AKYG(8),6AKZG(8),AKXYG(8) ,AKXZG(9), AKYZC(8) VELT 140
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canaaaa

100

- -

- -

210

215

AGRAV=DFLOAT(KGRAV)
---- 1INITIATE THE DARCY VELOCITY COMPONETNTS

DO 100 NP=1,NNP
VX(NP)-0.0
VY(NP)=0.0
VZ(NP)=-0.0

---- CALCULATE THE TOTAL HEAD HT(NP)

DO 105 NP=1,NNP
HT(NP)=H(NP) +AGRAV*Z(NP)

---- COMPUTE DARCY VELOCITIES BY APPLYING FINITE ELEMENT METHOD TO
---- DARCY LAW.

---- INITIATE MATRIX CMATRX(NP,IB)

DO 160 NP=1,NNP
CMATRX(NP,1)=0.0

---- COMPUTE ELEMENT MATRICFS QB(1Q,JQ), QRX(IQ),QRY(1Q),& QRZ(IQ)

DO 290 M~1,NEL
MTYP~1E(M,9;

DO 210 1Q-1,8
NP=IE(M,1Q)
XQ(IQ)=X(NP)
YQ(IQ)~Y(NP)
ZQ(1Q)=Z(NP)
HTQ(1Q)~HT(NP)

DO 215 KG=1,8

AKXG (KG) =AKR (KG , M) *PROP (1, MTYP)
AKYG (KG)=AKR (KG , M) *PROP (2 , MTYP)
AKZG (KG)=AKR (KG , M) *PROP (3, MTYP)
AKXYG (KG)=AKR (KG, M) *PROP (4 ,MTYP)
AKXZG (KG)~AKR (KG, M) *PROP (5 ,MTYP)
AKYZG (KG)=AKR (KG, M) *PROP (6 ,MTYP)

CALL Q8DV(QB,QRX,QRY,QRZ, XQ,YQ,ZQ,HTQ,AKXG,AKYG,AKZG,
1 AKXYG, AKXZG , AKYZG)
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c VELT
C-memm-- ASSEMBLE QB(IQ,JQ) INTO THE GLOBAL MATRIX CMATRX(NP,IB) AND  VELT
C ---nn-- FORM THE LOAD VECTOR VX(NP), VY(NP), AND VZ(NP). VELT
c VELT
DO 280 IQ=1,8 VELT
NI-IE(M, IQ) VELT

DO 240 JQ=1,8 VELT
CMATRX (NI, 1)-CMATRX (NI , 1) +QB(1Q,JQ) VELT

240 CONTINUE VELT
c VELT
TR INI)=VX(NI)+QRX(IQ) VELT
VY(NI)-VY(NI)+QRY(IQ) VELT
VZ(NI)=VZ/NI)+QRZ(IQ) VELT

280 CONTINUE VELT

c VELT
290 CONTINUE VELT
c VELT
C--mum-- SOLVE THE MATRIX EQUATION CX-B VELT
c VELT
DO 370 NP-1,NNP VELT

VX (NP)=VX(NP) /CMATRX(NP, 1) VELT
VY(NP)=VY(NP) /CMATRX(NP, 1) VELT

370 VZ(NP)=VZ(NP)/CMATRX(NP,1) VELT

c VELT
RETURN VELT

END VELT
SUBROUTINE Q8DV(QB,QRX,QRY,QRZ, XQ,YQ,ZQ,HTQ,AKXG,AKYG,AKZG, Q8DV

1 AKXYG,AKXZG,AKYZG) Q8DV

c Q8DV
C********1*********2*********3*********4*********5*********6*********7**Q8DV
c Q8DV
[ J TO COMPUTE THE INTEGRATION OF N(I)*N(J) AND -N(I)*K.GRAD(HT) Q8DV
c 8DV
C********1*********2*********3*********4*********5*********6*********7**88DV
c Q8DV
C -veren- INPUT: XQ(8), YQ(8), ZQ(8), HTQ(8), AKXG(8), AKYG(8), AKZG(8),Q8DV
C --cnu-- AKXYG(8), AKXZG(8), AKYZG(8). Q8DV
c Q8DV
[ J OUTPUT: QB(8,8), QRX(8), QRY(8), QRZ(8). Q8DV
c Q8DV
C*HH***I*********2*********3*********&*********5*********6*********7**QBDV
c Q8DV
IMPLICIT REAL*8 (A-H,0-Z) Q8DV

REAL*8 N(8) Q8pv
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c
DIMENSION QB(8,8),QRX(8),QRY(8),QRZ(8),XQ(8),YQ(8).2Q(8),HTQ(8)
DIMENSION AKXG(8),AKYG(8),AKZG(8),AKXYG(8) ,AKXZG(8),AKYZG(8)
DIMENSION S(8),T(8),U(8), DNX(8),DNY(8),DNZ(8)
c
DATA P /0.5773502€9189626D0/
DATA S/-1.0D0,1.0D0,1.0D0,-1.0D0, -1.0D0,1.0D0,1.0D0,-1.0D0/
DATA T/-1.0D0,-1.0D0,1.000,1.0D0, -1.0D0,-1.0D0,1.0D0,1.0D0/
DATA U/-1.0DO,-1.0D0,-1.0D0,-1.0D0, 1.0D0,1.0D0,1.0D0,1.0D0/
c
C---u--- INITIATE MATRICES QB(IQ,JQ), QRX(IQ),QRY(IQ) & QRZ(IQ)
c
DO 100 IQ-1,8
QRX(1Q)=0.0
QRY(I1Q)=~0.0
QRZ(1Q)=0.0

DO 100 JQ=1,8
100 QB{1Q,JQ)=0.0

c
R SUMMATION OF THE INTEGRAND OVER THE GAUSSIAN POINTS
c

DO 490 KG~1,8
c
C ------- DETERMINE LOACAL COORDINATE OF GAUSSIAN POINT KG
c

SS=P*S (KG)

TT=P*T(KG)

UU=~P*U(KG)
c
C ------- CALCULATE VALUES OF BASIS FUNCTIONS N(IQ) AND THEIR
A DERIVATIVES DNX(IQ), DNY(IQ), AND DNZ(IQ), W.R.T. TO
R X, Y, AND Z, RESPECTIVELY, AT THE GAUSSIAN POINT KG.
c

CALL BASE(N,DNX,DNY,DNZ,DJAC,XQ,YQ,2Q,5S,TT,UU)
c

AKXK=AKXG (KG)

AKYK=AKYG (¥G)

AKZK=AKZG (KG)

AKXYK=AKXYG (KG)

AKXZK=AKXZG (KG)

AKYZK=AKYZG (KG)
c
C reven-- ACCUMULATE THE SUMS TO OBTAIN THE MATRIX INTEGRALS QB(IQ,JQ)
C recvn-- AND QRX(IQ), QRY(IQ), AND QRZ(IQ)
c

DO 390 IQ~1,8
DO 390 Jn~1,8
QB/10,.JQ)=QB(10,JQ)+ N(IQ)*N(JQ)*DJAC
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QRX(IQ)=QRX(IQ) -N(IQ)*HTQ(JQ)* (AKXK*DNX (JQ) +AKXYK*DNY (JQ) + Q8Dv

1 AKXZK*DNZ(JQ))*DJAC Q8DV
QRY(IQ)=QRY(1Q) -N(IQ)*HTQ(JQ)* (AKXYK*DNX (JQ) +AKYK*DNY (JQ) + Q8DV

1 AKYZK*DNZ(JQ) )*DJAC Q8DbV

- QRZ(1Q)=QRZ(IQ) -N(1Q)*HTQ(JQ) * (AKXZK*DNX(JQ) +AKYZK*DNY(JQ) + Q8DV

1 AKZK*DNZ(JQ))*DJAC Q8DV

390 CONTINUE Q8DV
(o Q8DV
490 CONTINUE Q8DV
c Q8DV
RETURN Q8DV

END Q8DV
SUBROUTINE SPROP(TH,DTH,AKR, IE,H,THPROP,AKPROP) SPRO

c SPRO
cmlmzm3m*ﬂ*am*m5w5mm7ﬁ SPRO
C SPRO
C --o---- TO COMPUTE RELATIVE HYDRAULIC CONDUCTIVITY OR PERMEABILITY, SPRO
C ---ov-- MOISTURE CONTENT, AND WATER CAPACITY GIVEN THE PRESSSURE SPRO
C ------- HEAD. SPRO
c SPRO
C********l**i'******z***m***3*********4*********5*********6*********7**3?]{0
c SPRO
C ---cv-- INPUT: IE(NEL,9), H(NNP), THPROP(NSPPM,NMAT), SPRO
C ------- AKPROP(NSPPM,NMAT) . SPRO
c SPRO
C -evcucv-- OUTPUT: AKR(8,NEL), TH(8,NEL), DTH(8,NEL). SPRO
c SPRO
(_,'********1*********2*********3*********&*********5*********6*********7**SPRO
o SPRO
IMPLICIT REAL*8(A-H,0-2) SPRO
REAL*8 N(8) SPRO

c SPRO
COMMON /SGEOM/ MAXEL ,MAXNP éMAXBES,MAXBNP,JBAND,MAXNTI ,MXNDTC SPRO
COMMON /CGEOM/ NNP,NEL,NBNP,NBES,KGRAV,NTI ,NDTCHG SPRO
COMMON /SMTL/ MAXMAT ,MXSPPM,MXMPPM SPRO

c SPRO
DIMENSION TH(8,MAXEL),DTH(8 ,MAXEL),AKR(8 MAXEL) SPRO
DIMENSION TE(MAXEL,9),H(MAXNP) SPRO
DIMENSION THPROP(MXSPPM MAXMAT) ,AKPROP(MXSPPM,MAXMAT) SPRO

c SPRO
DIMENSION HQ(8), S(8),T(8),U(8),HKG(8) SPRO
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c SPRO 150
DATA P/0.577350269189626/ SPRO 155

DATA S/-1.0D0,1.0D0,1.0D0,-1.0D0, -1.0D0,1.0D0,1.0D0, -1.0D0/ SPRO 160

DATA T/-1.0DO,-1.0D0,1.0D0,1.0D0, -1.0DO,-1.0D0,1.0D0,1.0D0/ SPRO 165

DATA U/-1.0DO,-1.0D0,-1.0D0,-1.0D00, 1.0DO,1.0D0,1.0D0,1.0D0/ SPRO 170

c SPRO 175
DO 900 M-1,NEL SPRO 180

c SPRO 185
DO 110 1Q-1,8 SPRO 190
NP-1E(M, 1Q) SPRO 195

110 HQ(IQ)=H(NP) SPRO 200

c SPRO 205
C ------- EVALUATE PRESSURE AT EIGHT GAUSSIAN POINTS. SPRO 210
C , SPRO 215
DO 150 KG=1,8 SPRO 220
SS=P*S (KG) SPRO 225
TT=P*T (KG) SPRO 230
UU=P*U(KG) SPRO 235
SM=1.0DO-SS SPRO 249
SP=1.0D0+SS — SPRO 245
TM=1.0DO-TT SPRO 250

o ~ TP=1.0D0+TT SPRO 255
B 7 UM=1.0D0-UU SPRO 260
UP=1.0D0+UU SPRO 265

c SPRO 270
N(1)=0.125D0*SM*TM*UM SPRO 275
N(2)=0.125D0*SP*TM*UM SPRO 280
N(3)=0.125D0*SP*TP+UM SPRO 285
N(4)=0.125D0*SM*TP*UM SPRO 290
N(5)=0.125D0*SM*TM*UP SPRO 295
N(6)=0.125D0*SP+TM*UP SPRO 300
N(7)=0,125D0*SP*TP*UP SPRO 305
N(8)=0.125D0*SM*TP*UP SPRO 310

Cc SPRO 315
HKG (KG)=0.0 SPRO 320

DO 120 IQ~l,8 SPRO 325

120 HKG(KG)=HKG(KG)+HQ(IQ)*N(IQ) SPRO 330
150 CONTINUE SPRO 335

c SPRO 340
MTYP=1E(M,9) 4 SPRO 345

Cc SPRO 350
c SPRO 355
C --vve-- TH, DTH/DH, AND AKR ARE OBTAINED WITH ANALYTICAL FUNCTIONS. SPRO 360

C --v---- THE READER MUST SUPPLY THE FUNCTIONAL FORM OF FKR AND FTH SPRO 365
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> e THE FOLLOWING IS JUST AN EXAMPLE.

------- WCR- THPROP(1,MTYP)=0.065, 0.050 FOR TWO SAMPLE MATERUALS
------- WCS=THPROP(2 ,MTYP)~0.364, 0.341 FOR TWO SAMPLE MATERIALS
------- RN=THPROP(3 ,MTYP)=1.092217, 1.546937 FOR TWO SAMPLE MATERIALS
------- ALPH=THPROP (4 ,MTYP)=0.109, 0.002166 FOR TWO SAMPLE MATERIALS

WCR~THPROP(1,MTYP)
WCS=THPROP(2 ,MTYP)
RN~PROP(3,MTYP)
ALPH-PROP(4 ,MTYP)
RM~1.0DO-1.0DO/RN
DO 800 KG-1,8
HNP-HKG(KG)

HNP-- HNP

e SATURATED CONDITION

IF(HNP.GT.0.0) GO TO 700
TH(KG,M)=WCS
DTH(KG,M)=0.0D0
AKR(KG,M)=-1.0D0

GO TO 800

....... UNSATURATED CASE

700 THMKG=WCR+(WCS-WCR)/(1.0D0+(ALPH*HNP)**RN)**RM
TH(KG, M) =THMKG
RWC=(THMKG-WCR) / (WCS-WCR)
TERM=(1.0D0O-RWC**(1.0D0/RM) ) **RM
RK=DSQRT (RWC)*(1.0DC-TERM)*(1.0D0-TERM)
AKR (KG,M)=RK
DTH(KG,M)=ALPH* (RN-1.0D0)*TERM*RWC**(1 .0DO/RM)*(WCS -WCR)

800 CONTINUE

900 CONTINUE
RETURN
END

SPRO
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SUBROUTINE BCPREP(IE,X,Y,Z, H,VX,VY,VZ, DCOSB,ISB, NPVB,ISV, BCPR 005
> DCYFLX,FLX,HCON,HMIN, NPFLX,NPCON,NPMIN, IRTYP,RFALL, NCHG) BCPR 010

c BCPR 015
’ Gk ik ] diidiiiick D kikiiiiik ki ikl iikiiikik S hiikiikik(iiikxiiixx]xxBCPR 020
c BCPR 025
C ---emu- TO DETERMINE WHETHER THE DIRICHLET B. C. WITH PONDING DEPTH, BCPR 030
C --muu- OR THE DIRICHELT B. C. WITH MINIMUM PRESSURE HEAD, OR THE FLUXBCPR 035
C -omeee- B. C. WITH PRESCRIBED FLUX TO BE APPLIED ON THE VARIABLE BCPR 040
C -omme-- BOUNDARIES, NORMALLY THE AIR-MEDIA INTERFACE. BCPR 045
c BCPR 050
c BCPR 060
INPUT: IE(NEL,9), X(NNP), Y(NNP), Z(NNP), H(NNP), VX(NNP),  BCPR 065
C ---mn-- VY(NNP), VZ(NNP), DCOSB(3,NBES), ISB(6,NBES), BCPR 070
C --eme- NPNV(NVNP), ISV(5,NVES), IRTYP(NVES), RFALL(NRPR), BCPR 075
C --cnv-- HCON(NVNP) , HMIN(NVNP), NCHG. BCPR 080
c BCPR 085
C -ommm-e- OUTPUT: NPCON(NVNP), NPFLX(NVNP), NPMIN(NVNP), FLX(NVNP), BCPR 090
C ---num-- DCYFLX(NVNP) , NCHG. BCPR 095
c BCPR 100
cmlﬂmzm3mamsmsm7umm 105
c BCPR 110
IMPLICIT REAL*8 (A-H,0-Z) BCPR 115

c BCPR 120
COMMON /SGEOM,/ MAXEL,MAXNP,MAXBES,MAXBNP,JBARD,MAXNTI BCPR 125
COMMON /CGEOM/ NNP,NEL,NBNP,NBES,KGRAV,NTI BCPR 130
COMMON /CVBC/ MXVES,MXVNP,MXRPR,MXRDP,NVES, NVNP ,NRPR, NRDP BCPR 135

c BCPR 140
DIMENSION IE(MAXEL,9),X(MAXNP),Y(MAXNP),Z(MAXNP) BCPR 145
DIMENSION H(MAXNP),VX(MAXNP) ,VY(MAXNP) ,VZ(MAXNP) BCPR 150

c BCPR 155
DIMENSION DCOSB(3,MAXBES),ISB(6,MAXBES),ISV(5,MXVES),NPVB(MXVNP) BCPR 160
DIMENSION DCYFLX (MXVNP) , FLX (MXVNP) , HCON(MXVNP) , HMIN (MXVNP) BCPR 165
DIMENSION NPFLX(MXVNP) ,NPCON(MXVNP) , NPMIN (MXVNP) BCPR 170
DIMENSION RFALL(MXRPR), IRTYP(MXVES) BCPR 175

c - BCPR 180
DIMENSION R1Q(4),R2Q(4),XQ(4),YQ(4),2Q(4),F1Q(4),F2Q(4) BCPR 185

c BCPR 190
DIMENSION KGB(4,6) BCPR 195

c BCPR 200
DATA KGB/1,4,8,5, 1,2,6,5, 2,3,7,6, 4,3,7,8, 1,2,3,4, 5,6,7,8/  BCPR 205

c BCPR 210
C -mmvcev- DETERMINE NORMAL RAINFALLS FLX(I) AND DARCY FLUXES DCYFLX(I) BCPR 215
C--evn-- FOR EACH NODAL POINT ON THE VARIABLE ELEMENT-SIDE. BCPR 220
c BCPR 225
DO 210 NP=1,NVNP BCPR 230
FLX(NP)=0. BCPR 235

210 DCYFLX(NP)=0. BCPR 240




230

- - -

300
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DO 290 MP-1 NVES
ITYP=IRTYP(MP)
RFMP=RFALL(ITYP)

MPB=1ISV(5,MP)
LS=-1SB(5,MPB)
M~-1SB(6,MPB)

PROJ=-DCOSB (3 ,MPB)
RFMPN=-RFMP*PROJ

DO 230 IQ=1,4

I-KGB(1Q,LS)

NI=IE(M,1)

XQ(IQ)=X(NI)

YQ(IQ)=Y(NI)

ZQ(1Q)=Z(NI)

F1Q(1Q)=-RFMPN

F2Q(IQ)=VX(NI)*DCOSB(1,MPB)+DCOSB(2,MPB)*VY (NI )+DCOSB(3,MPB)*
1 VZ(NI)

CONTINUE

..... COMPUTE SURFACE INTEGRAL OF N(IQ).F
CALL Q4S(R1Q,R2Q,XQ,YQ,ZQq,F1Q,F2Q)

DO 270 1Q-1,4

1=1SV(IQ,MP)
FLX(I)=FLX(I)+R1Q(IQ)
DCYFLX(1)=DCYFLX(I)+R2Q(IQ)
CONTINUE

CONTINUE

---- CHANGE TO FLUX OR HEAD CONDITIONS, AS NECESSARY, AND SO
---- INDICATE IN THE ARRAYS NPFLX(NPP) AND NPCON(NPP).

IF (NCHG.NE.(-1)) GO TO 300
NCHG=0
RETURN

NCHG=0

DO 390 NPP=1,NVNP
DCYNNP~DCYFLX (NPP)
FLXNNP=FLX (NPP)

HCONNP=HCON(NPP)
HMINNP=HMIN(NPP)
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a0 n

BCPR 495

IF(FLXNNP.GT.0.0) GO TO 350 BCPR 500
BCPR 505

#¥ik RAINFALL(INFILTRATION) - SEEPAGE CONDITIONS PREVAIL DURING RAINFALLBCPR 510
BCPR 515

BCPR 520

------- CHECK IF THE CHANGE FROM RAINFALL-FLUX (NEUMANN) CONDITION TO BCPR 525
------- PONDING (DIRICHLET) CONDITION IS NECESSARY? BCPR 530
BCPR 535

NP=-NPFLX (NPF) BCPR 540

IF (NP.EQ.0) GO TO 310 BCPR 545
IF(HCONNP.GE.H(NP)) GO TO 390 BCPR 550
NPCON(NPP)=NPFLX(NPP) BCPR 555
NPFLX(NPP)=-0 BCPR 560
NCHG=NCHG+1 BCPR 565

- GO TO 390 BCPR 570

BCPR 575

S CHECK IF THE CHANGE FROM PONDING {DIRICHLET) CONDITION TO BCPR 580
------- RAINFALL-FLUX (NEUMANN) CONDITION IS NECESSARY? BCPR 585
BCPR 590

310 NP-NPCON(NPP) BCPR 595
IF(NP.EQ.0) GO TO 320 BCPR 600
IF(FLXNNP.LE.DCYNNP) GO TO 390 BCPR 605
NPFLX(NPP)=NPCON(NPP) BCPR 610
NPCON(NPP)=0 BCPR 615
NCHG=NCHG+1 BCPR 620

GO TO 390 BCPR 625
BCPR 630

------- CHANGE MINIMUM PRESSURE CONDITION TO RAINFALL-FLUX CONDITION BCPR 635
------- SINCE A MINIMUM PRESSURE CONDITION IS NOT LIKELY TO BE BCPR 640
------- DURING RAINFALL PERIOD BCPR 645
BCPR 650

320 NP=NPMIN(NPP) BCPR 655
IF(NP.EQ.0) GO TO 390 BCPR 660
NPFLX(NPP)=NPMIN(NPP) BCPR 665
NPMIN(NPP)=~0 BCPR 670
NCHG=NCHG+1 BCPR 675

GO TO 390 BCPR 680
BCPR 685

#kkk EVAPORATION-SEEPAGE CONDITIONS PREVAIL DURING NON-RAINFALL PERIODBCPR 690
BCPR 695

BCPR 700

------- CHECK IF THE CHANGE FROM EVAPORATION-FLUX CONDITION TO BCPR 705
------- MINIMUM PRESSURE HEAD CONDITION IS NECESSARY? BCPR 710
BCPR 715

350 NP=-NPFLX(NPP) BCPR 720
IF(NP.EQ.0) GO TO 360 BCPR 725
IF(HMINNP.LE.H(NP)) GO TO 390 BCPR 730

NPMIN(NPP)=~NPFLX (NPP)

BCPR

735
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NPFLX(NPP)=0 BCPR
NCHG-NCHG+1 BCPR

. GO To 390 BCPR
c BCPR
C --amm-- CHECK IF THE CHANGE FROM PONDING CONDITION TO EVAPORATION-FLUXBCPR
[ S CONDITION IS NECESSARY? BCPR
360 NP=NPCON(NPP) BCPR

IF(NP.EQ.0) GO TO 370 BCPR
IF(DCYNNP.GE.0.0) GO TO 390 BCPR

NPFLX (NPP)~NPCON (NPP) BCPR
NPCON(NPP)=0 BCPR
NCHG=NCHG+1 BCPR

GO TO 390 BCPR

: BCPR
R CHECK IF THE CHANGE FROM MINIMUM PRESSURE HEAD CONDITION TO BCPR
C ceeme-- EVAPORATION-FLUX CONDITION IS NECESSARY? BCPR

c BCPR

370 NP-NPMIN(NPP) BCPR
' IF(NP.EQ.0) GO TO 390 BCPR
c IF(DCYNNP.LT.0.0) GO TO 380 BCPR

IF(DCYNNP.LT. FLXNNP) GO TO 390 BCPR
NPFLX (NPP)=NPMIN (NPP) BCPR
NPMIN(NPP)=0 BCPR
NCHG~NCHG+1 BCPR

- GO TO 390 BCPR
BCPR

380 PRINT 1000, NPP BCPR
STOP BCPR
BCPR

390  CONTINUE BCPR
c BCPR
C1000 FORMAT(1H1,’#%% WARNING DURING NON-RAINFALL PERIOD’,I3, BCPR
C 1 ’'-TH VB NODE USING MINIMUM HEAD CONDITION RESULTS IN ’, BCPR
C 2 'DARCY FLUX INTO THE REGION’/1X,’'THIS SHOULD NOT HAPPEN. ’, BCPR
C 3 'HENCE EITHER MINIMUM HEAD IS NOT SMALL ENOUGH OR THE INTERIOR ’,BCPR
C & 'NODE PRESSURE IS TOO SMALL: STOP’) BCPR
c BCPR

RETURN BCPR
END BCPR

740
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755
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775
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790
795
800
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835
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895
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920
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935
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SUBROUTINE ASEMBL(X,Y,Z,1E, CMATRX,RLD,LRN, HW,HP,DTH,AKR,PROP, ASEM 005

> SOS,MSEL, ISTYP,WSS; <PW, IWTYP, KSS,W,DELT) ASEM 010
c ASEM 015
CWIM2W3*W*&WSW6W7HAS“ 020
c ASEM 025
C --cnn-- TO ASSEMBLE THE GLOBAL COEFFICIENT MATRIX AND GLOBAL LOAD ASEM 030
[ VECTOR IN COMPRESSED FORM. ASEM 035
c ASEM 040
Chkdkdkik] dkdckirkickk D dkkdkddkidk 3 dddokiickiokly ikkkkkkkk SkikkkkikGikkkikkkkk]xkASEM 045
c ASEM 050
R INPUT: X(NNP), Y(NNP), Z(NNP), IE(NEL,9), LRN(JBAND,NNP), ASEM 055
R HW(NNP), HP(NNP), DTH(8,NEL), AKR(8,NEL), ASEM 060
(. PROP(NMPPM,NMAT), SOS(NSPR), MSEL(NSEL), ISTYP(NSEL), ASEM 065
C ------- WSS(NWPR), NPW(NWNP), IWTYP(NWNP), KSS, W, DELT. ASEM 070
c ASEM 075
C ---un-- OUTPUT: CMATRX(NNP,JBAND), RLD(NNP). ASEM 080
c ASEM 085
CM*MIWZM3#M&WSW6W-*7HASQ{ 090
c ASEM 095
: IMPLICIT REAL*8(A-H,0-Z) ~  ASEM 100
c ASEM 105
COMMON /SGEOM/ MAXEL,MAXNP,MAXBES,MAXBNP, JBAND,MAXNTI ,MXNDTC ASEM 110
COMMON /CGEOM/ NNP,NEL,NBN,HBEL,KGRAV,NIT,NDTCHG ASEM 115
COMMON /CS/ MXSPR,MXSDP,MXSEL,NSPR,NSDP,NSEL ASEM 120
COMMON /CW/ MXWPR ,MXWDP,MXWNP,NWPR,NWDP, NWNP ASEM 125
c ASEM 130
COMMON /SMTL/ MAXMAT,MXSPPM,MXMPPM ASEM 135
c ASEM 140
DIMENSION X(MAXNP),Y(MAXNP),Z(MAXNP),IE(MAXEL,S) ASEM 145
DIMENSION CMATRX(MAXNP,JBAND) ,RLD(MAXNP) ,LRN(JBAND,MAXNP) ASEM 150
DIMENSION HW(MAXNP) ,HP(MAXNP) ,DTH(8,MAXEL) ,AKR(8,MAXEL) ASEM 155
DIMENSION PROP(MXMPPM,MAXMAT) ASEM 160
DIMENSION SOS(MXSPR), MSEL(MXSEL),ISTYP(MXSEL) ASEM 165
DIMENSION WSS (MXWPR), NPW(MXWNP),IWTYP(MXWNP) ASEM 170
c , ASEM 175
DIMENSION QA(8,8),QB(8,8),RQ(8) ASEM 180
DIMENSION DTHG(8) ,AKXG(8),AKYG(8),AKZG(8),AKXYG(9) ,AKXZG(8), ASEM 185
1 AKYZG(8), XQ(8),YQ(8),ZQ(8),IEM(8) ASEM 190
c . ASEM 195
c ASEM 200
AGRAV=DFLOAT (KGRAV) ASEM 205
c ASEM 210
DELTI-1./DELT ASEM 215
Wil=W ASEM 220
W2el,-W ASEM 225
IF (KSS.GT.0) GO TO 100 ASEM 230
DELTI=0. ASEM 235
Wiel, ASEM 240

W2=0, ASEM 245
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c ASEM 250
C comeeen INITIATE MATRICES C(NP,IB) AND R(NP) ASEM 255
c ASEM 260

100 DO 150 NP=-1,NNP ASEM 265
RLD(NP)=0.0 : ASEM 270

DO 150 I-1,JBAND ASEM 275
CMATRX(NP.1)=0.0 ASEM 280

150 CONTINUE ASEM 285

c ASEM 290
C --vmm-- START TO ASSEMBLE OVER ALL ELEMENTS ASEM 295
c ASEM 300
DO 490 M=1,NEL ASEM 305

c ASEM 310
C --auee- COMPUTE MATRICES QA(1Q,JQ), QB(IQ,JQ), AND RQ(IQ) FOR EACH M ASEM 315

: c , ASEM 320

aa MTYP-IE(M,9) ASEM 325

8 SAKX=PROP (1 ,MTYP) ASEM 330

SAKY=PROP (2 ,MTYP) ASEM 335
SAKZ=PROP(3,MTYP) . ASEM 340
SAKXY~PROP (4 ,MTYP) ASEM 345
SAKXZ=PROP(5 ,MTYP) - ASEM 1350
SAKYZ=PROP (6 ,MTYP) ASEM 355

C ASEM 360
DO 210 1Q=1,8 ASEM 365
NP=IE(M, IQ) ASEM 370
1EM(1Q)=NP ASEM 375
XQ(1Q)=X(NP) ASEM 380
YQ(I1Q)=Y(NP) ASEM 185
ZQ(IQ)=Z(NP) ASEM 390

210 CONTINUE ASEM 395

c ASEM 400
DO 220 KG=1,8 ASEM 405

DTHG (KG)=DTH (KG ,M) ASEM 410

AKXG (KG)=SAKX*AKR (KG,M) ASEM 415

AKYG (KG)=SAKY*AKR (KG,M) ASEM 420

AKZG (KG)=SAKZ*AKR (KG,M) ASEM 425

AKXYS (KG) =SAKXY*AKR (KG ,M) ASEM 430

AKXZG (KG)=SAKXZ*AKR (KG ,M) ASEM 435

AKYZG (KG)=~SAKYZ*AKR (KG ,M) ASEM 440

220 CONTINUE ASEM 445

o ASEM 450
SOSM=0.0 ASEM 455
IF(NSEL.EQ.0) GO TO 260 ASEM 460

DO 240 I-1,NSEL ASEM 465
MP=MSEL(T) ASEM 470
IF(MP.NE.M) GO TO 240 ASEM 475
ITYP=ISTYP(I) ASEM 480

SOSM=SOS(ITYP) ASEM 485
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GO TO 260 ASEM 490
240 CONTINUE ASEM 495
260 CONTINUE ASEM 500

c ASEM 505
CALL Q8(QA,QB,RQ, DTHG,AKXG,AKYG,AKZG,AKXYG,AKXZG,AKYZG, ASEM 510

> XQ.YQ,ZQ, SOSM,AGRAV) ASEM 515

c ASEM 520
C --onu-- ASSEMBLE QA(IQ,JQ) AND QB(IQ,JQ) INTO THE GLOBAL MATRIX ASEM 525
C -cmme-- C(NP,IB) = B + A/DELT AND FORM THE GLOBAL LOAD VECTOR R(NP). ASEM 530
c ASEM 535
DO 390 IQ-1,8 ASEM 540
NI-TEM(IQ) ASEM 545
RLD(NI )=RLD(NI) -RQ(IQ) ASEM 550

DO 340 JQ=1,8 ~ ASEM 555
NJ=IEM(JQ) ASEM 560
QA(IQ,JQ)=QA(IQ,JQ)*DELTI ASEM 565

; RLD(NI)~RLD(NI)+(QA(IQ,JQ) -W2*QB(IQ,JQ) )*HP(NJ) ASEM 570
~ DO 325 I-1,JBAND ASEM 575
LNODE=LRN(I,NI) ASEM 580
IF(NJ.EQ.LNODE) GO TO 330 ASEM 585

325 CONTINUE ASEM 590

c : ASEM 595
WRITE(6,1000) NI,M,JQ ASEM 600

STOP ASEM 605

c ASEM 610
330 CMATRX(NI,I)~CMATRX(NI,1)+QA(17,JQ)+W1*+QB(IQ,JQ) ASEM 615

c ASEM 620
340 CONTINUE ASEM 625
390 CONTINUE ASEM 630
490 CONTINUE ASEM 635

c ASEM 640
C -eoovn-- INCORPORATE WELL SOURCE/SINK ASEM 645
c ASEM 650
700 IF(NWNP.EQ.0) GO TO 910 ASEM 655
DO 790 I-1,NWNP ASEM 660
NI=NPW(I) ASEM 665
ITYP~IWTYP(I) ASEM 670
RLD(NI)=RLD(NI)+WSS (ITYP) ASEM 675

790 CONTINUE ASEM 680

c ASEM 685
910 CONTINUE ASEM 690

c ASEM 695
1000 FORMAT(1H1/5X,’*** WARNING: NONE OF THE LOWER-LEFT NODE IN EQUATICASEM 700
IN’,I3,/5X,’%** IS CORRESPONDING TO *,I15,’'-TH ELEMENT-S’ 12, ASEM 705

2/ -TH NODF; STOP k%’ ASEM 710

c ASEM 715
RETURN ASEM 720

ELD ASEM 725
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SUBROUTINE Q8(QA,QB,RQ, DTHG,AKXG,AKYG,AKZG,AKXYG,AKXZG,AKYZG, Q8 005
> XQ,YQ,ZQ,SOSM,AGRAV) Q8 010

c Q8 015
c**m*ﬁlﬂ*ﬁ**ﬂzi*m****yﬂmmamsmms *********7**Q8 020
c Q8 025
C ---enu-- TO COMPUTE ELEMENT MATRICES AND ELEMENT LOAD VECTORS. Q8 030
c Q8 035
c Q8 045
C ------- INPUT: XQ(8), YQ(8), 2Q(8), DTHG(8), AKXG(8), AKYG(S). Q8 050
C --n-un-- AKZG(8), AKXYG(8), AKXZG(8), AKYZG(8), SOSM, AGRAV. Q8 055
c Q8 060
C ---v--- OUTPUT: QA(8,8). QB(8.8), RQ(8). Q8 065
c Q8 070
Crdik ok ok ] Fkdo itk 2 3kttt 3k bk deokddedek 4 ok ook ok ok ok otk k ik k G ok ke kkk X k% 74%Q8 075
c Q8 080
IMPLICIT REAL*8 (a-H,0-Z) Q8 085
REAL*8 N(8) Q8 090

c Q8 095
DIMENSION QA(8,8),QB(8,8),RQ(8),DTHG(S) Q8 100
DIMENSION AKXG(8),AKYG(8),6AKZG(8) ,AKXYG(8),AKXZG(8) AKYZG(E) Q8 105
DIMENSION XQ(8),YQ(8).ZQ(8) Q8 110

c Q8 115
DIMENSION DNX(8),DNY(8),DNZ(8) Q8 120
DIMENSION S(8),T(8),U(8) Q8 125

c Q8 130
DATA P / 0.577350269189626D0/ Q8 135

DATA S/-1.0D0,1.0D0,1.0D0,-1.0D0, -1.0D0,1.0D0,1.0D0,-1.0D0/ Q8 140

DATA T/-1.0DO,-1.0D0,1.0D0,1.0D0, -1.0DO,-1.0™,1.0D0,1.0D0/ Q8 145

DATA U/-1.0D0,-1.0D0,-1.0D0,-1.0D0, 1.0D0,1.0D0,1.0D0,1.0D0/ Q8 150

c Q8 155
C --vom-- INITIATE MATRICES QA, QB, AND RQ Q8 160
c Q8 165
DO 110 IQ-1,8 Q8 170
RQ(IQ)=0.0 Q8 175

DO 110 JQ-1,8 Q8 180
QA(1Q,JQ)=0.0 Q8 185
QB(1Q,JQ)=0.0 Q8 190

110 CONTINUE Q8 195

c ' Q8 200
DO 490 KG-1,8 Q8 205

c ' Q8 210
C --vvr--- DETERMINE LOACAL COORDINATE OF GAUSSIAN POINT KG Q8 215
c Q8 220
SS~P*S (KG) 08 225
TT~P*T (KG) 08 230

UU=~P*U(KG) 8 235
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C

C

ro
o
[

Q8
------- CALCULATE VALUES OF BASIS FUNCTIONS N(IQ) AND THEIR Q8
------- DERTVATIVES DNX(IQ), DNY(IQ), & DNZ(IQ) W.R.T. X, Y, & Z, Qs
------- RESPECTIVELY AND THE DETERMINANT OF THE JACOBIAN. Q8

Q8

CALL BASE(X,DNX,DNY,DNZ,DJAC,XQ,YQ,ZQ,SS,TT,UU) Qs

Qs

AKXQP-AKXG (KG) *DJAC Q8
AKYQP=-AKYG (KG)*DJAC Qs
AKZQP=AKZG (KG)*DJAC Qs
AKXYQP=AKXYG (KG)*DJAC Qs
AKX ZQP-AKXZG (KG)*DJAC Q8
AKYZQP~AKYZG (KG)*DJAC Qs
DTHQP=DTHG (KG) *DJAC Qs
SOS%QP=SOSMADJAC Q8

Qs

------- ACCUMULATE THE SUMS TO OBTAIN THE MATRIX INTEGRALS QA(IQ,JQ), Q8
------- QB(I10Q,JQ), AND RQ(IQ). Q8
Q8

DO 390 1Q=i,3 Q8
RO(1Q)=RQ(1Q)+AGRAV*(DNY (1Q) *AKXZQP+AKYZQP*DNY(1Q) +AKZQP*DNZ (1Q) ) +Q8

1 M(1Q)*SOSMQP Q8

DO 390 JQ=1,8 Q8

QA (1Q.3Q)=0A(10,J0) + DTHQP*N{IQ)*N(JQ) Qs
QB(1Q,JQ)=NB(1Q JQ) + DNX(IQ)*(AFKXQP*DNX(JQ)+AKXYQP*DNY (JQ)+ Q8

1 AKXZQP*DNZ(JQ)) + DNY(IC)*(AKXYQP*DNX(JQ)+AKYQP*DNY(JQ)+AKYZQP* Q8

2 DNZ(JQ)) + DNZ(IQ)*(AKXZGP*DNX(JQ)+AKYZQP*DNY(JQ)+AKZQP*DNZ(JQ)) Q8
390 CONTINUE Q8
Qs

490 CONTIKNUE Qs
690 CONTINUE Qs
Qs

RETURN Qs

END Q8

240
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SUBROUTINE BASE(N,DNX,DNY,DNZ,DJAC,XQ,Y0,7Q.SS,TT,UU) BASE
c BASE
c*m*m1*m*m*2*********3***x** khkEigxkkhkikkhFx Rtttk kik Ak kkhkkrik 7+%* BASE
c BASE
C -----n- TO COMPUTE THE BASIS AND WEICHTING FUNCTIONS, THEIR BASE
C ~--mmm- DERIVATIVES WITH RESPECT TO X, Y, Z, AND THE JACO3IAN BASE
C ---menn AT A GAUSSIAN POINT. BASE
c BASE
C********1*********2*********3*********1;****‘k*‘k**S******‘k**6******* k] *kBASE
c BASE
C ---m--- INPUT: XQ(8), YQ(3), ZO(8), SS, TT, UU. BASE
c BASE
C ------- OUTPUT: N(8), DNX(8), DNY(8), DNZ(8), DJAC. BASE
c BASE
C ------- LOCALLY DEFINED WORKING ARRAYS: DNSS(8), DNTT(8), DNUU(8). BASE
c BASE
C********1*********2*********3*********&*********5i********6*********7**8[\5E
c BASE
IMPLICIT REAL*8 (A-H,0-Z) BASE
REAL*8 N(8) BASE
C BASE
DIMENSION DNX(8),DNY(8),DNZ(8), XG(8),YQ(8),2Q(8) BASE
DIMENSION DNSS(8),DNTT(8),DNUU(8) BASE
c BASE
SM=1.0D0-SS BASE
SP=1.0D0+SS BASE
TM=1.0D0-TT BASE
TP=1.0DO+TT BASE
UM=1.0DO-UU : BASE
UP=1.0D0+UU BASE
C RASE
N(1)=.125D0*SM*TM*UM BASE
N(2)=.125D0*SP+*TM*UM BASE
N(3)=.125D0O*SP*TP*UM BASE
N(&4)=.125D0%SM*TP*UM BASE
N(5)=.125D0O*SM*TM*UP BASE
N(6)=.125D0%*SP*TM*UP BASE
N(7)=.125D0*SP*TP*UP BASE
N(8)=.125D0*SM*TP*UP BASE
c BASE
DNSS(1)=-.125D0*TM*UM BASE
DNSS(2)~.125D0*TM*UM BASE
DNSS(3)=. 125DO*TP*UM BASE
DNSS (4)=- . 125D0*TP*UM BASE
D2SS(5)=-.125DO*TM*UP BASE
DNSS(6)=.125D0*TH*UP BASE
DNSS(7)=.125DO*TP*UP BASE

DNSS(R)=- . 125LN*TP*UP BASE

005
010
015
020
025
030
035
040
045
050
055
060
065
070
075
080
085
090
095
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
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o

290

DNTT(1)=-.125DO*SM*UM
DNTT(2)=-.12500*SP+UM
DNTT(3)=.125D0O*SP*UM
DNTT (4)=.125D0*SM*UM
DNTT(5)=- .125D0*SM*UP
DNTT(6)=- .125D0*SP*UP
DNTT(7)=.125DO*SP+UP
DNTT(8)=~.125DO*SM*UP

DRUU(1)=-.125DO*SM*TM
DNUU(2)=- .125D0*SP*TM
DNUU(3)=- .125DO*SP+*TP
DNUY(4)=-.125D0*SM*TP
DNUU(5)= .125DO*SM*TM

- DNUU(6)= .125D0*SP*TH

DNUU(7)= .125DO*SP*TP
DNUU(8)= .125DO*SM*TP

SUM1=0.
SUM2=0 .
SUM3=0.
SUM4="".
SUM5=0.
SUM6=0 .
SUM7=0.
SuM8~0.
SUM9=0.

COO0OO0OO0OO0OOOO

DO 290 I-1,8
SUM1=SUML+XQ(T1)*DNSS(1)
SUM2=SUM2+YQ(1)*DNSS (1)
SUM3~SUM3+ZQ(T)*DNSS (1)
SUM4=SUM4+XQ(1)*DNTT(I)
SUMS=SUM5+YQ(T)*DNTT (1)
SUM6=SUM6+2Q(T)*DNTT (1)
SUM7=SUM7+XQ(1)*DNUU(1)
SUMB=SUMB+YQ (1) *DNUU(I)
SUM9=SUM9+2ZQ(1)*DNUU(I)
CONTINUE

DJAC~SUM1* (SUM5*SUM9-SUME*SUMB) + SUM2*(SUME*SUM7 -SUMG*SUM9) +
1 SUM3* (SCM4*SUMSE-SUMS*SUM7)

DJACI=1.0D0/DJAC

BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
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C BASE 470
SUMI1=-DJACI+*(SUM5*SUM9-SUM6*SUM8) BASE 475
SUMI2=DJACI* (SUM3*SUMS8 - SUM2*SUM9) BASE 480
SUMI3=DJACI#(SUM2*SUM6 - SUM3*SUMS) BASE 485
SUMI4=DJACI* (SUM6*SUM7 - SUM4XSUM9) BASE 490
SUMI5=DJACI* (SUM1*SUM9-SUM3*SUM7) BASE 495
SUMI6=DJACI*(SUM3xSUM4 - SUM1*SUM6) BASE 500
SUMI7=DJACI*(SUM4*SUM 3- SUM5*SUM7 ) BASE 505
SUMI8=DJACI*(SUM2#*SUM7 - SUM1+SUMB) BASE 510
SUMI9=DJACI* (SUM1*SUM5-SUM24SUM4) BASE 515

(H BASE 520
DO 390 I-1.,8 BASE 525
DNX(I)=SUMI1*DNSS(I) + SUMI2*DNTT(I) + SUMI3*DNUU(I) BASE 530
DNY(I)=SUMI4*DNSS(I) + SUMIS*DNTT(I) + SUMI6*DNUU(I) BASE 535
DNZ(I)=SUMI7*DNSS(I) + SUMIB*DNTT(I) + SUMI9*DNUU(I) BASE 540

390 CONTINUE BASE 545

C BASE 550
RETURN BASE 555
END BASE 560

SUBROUTINE BC(CMATRX,RLD,LRN, IE,X,Y,Z, AKR,PROP, DCOSB,ISB,NPBB, BC 005
1 QCB,1ISC,ICTYP, QNB,ISN, INTYP, FLX,HCON,HMIN,NPFLX ,NPCON,NPMIN, BC 010

2 HDB, IDTYP,NPDB, KSS) BC 015
c BC 020
cm1m2m3mﬂ*ih*ﬁm5m6m7ﬁnc 025
c BC 030
C ------- TO APPLY CAUCHY, NEUMANN, VARIABLE, AND DIRICHLET BOUNDARY BC 035
C ---en-- CONDITIONS. BC 040
c BC 045
C********]_*********2*********3*********&*********5*********6*********7**50 050
c BC 055
C --evv-- INPUT: X(NNP), Y(NNP), Z(NNP), IE(NEL,9), LRN(JBAND,NNP), BC 060
C ---vene AKR(8,NEL), PROP(NMPPM,NMAT), DCOSB(3,NBES), BC 065
C -ecee-e 1SB(6,NBES), NPBB(NBNP), QCB(NCPR), ISC(S,NCES), BC 070
C --cr-v- ICTYP(NCES), QNB(NNPR), ISN(5,NNES), INTYP(NNES), BC 075
C --n-vn-- FLX(NVNP), HCON(NVNP), HMIN(NVNP), NPFLX(NVNP), BC 080
C --vce- NPCON(NVNP), NPMIN(NVNP), HDB(NDPR), IDTYP(NDNP), BC 085
C --nmu-- NPDB(NDNP), KSS. BC 090
c BC 095
[+ OUTPUT: MODIFIED CMATRX(NNP,JBAND), RLD(NNP). BC 100
c BC 105
C********1*********2*********3*********[;*********5*********6*********7**5(: 110
o4 BC 115

IMPLICIT REAL*8(A-H,0-Z) BC 120
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c
COMMON /SGEOM/ MAXEL,MAXNP,MAXBES,MAXBNP,JBAND, MAXNTI
COMMON /CGEOM/ NNP,NEL,NBNP,NBES,KGRAV,NTI ,NDTCHG
c
COMMON /CCBC/ MXCNP ,MXCES ,MXCPR,MXCDP,NCNP ,NCES ,NCPR ,NCDP
COMMON /CNBG/ MXNNP,MXNES , MXNPR , MXNDP, NNNP,NNES , NNPR , NNDP
COMMON /GVBC/ MXVES ,MXVNP , MXRPR ,MXRDP, NVES ,NVNP , NRPR , NRDP
COMMON /CDBC/ MXDNP ,MXDPR ,MXDDP,NDNP,NDPR , NDDP
C
COMMON /SMTL/ MAXMAT ,MXSPPM,MXMPPM
cc
DIMENSION CMATRX(MAXNP,JBAND) ,RLD(MAXNP) , LRN(JBAND , MAXNP)
DIMENSION X(MAXNP),Y(MAXNP),Z(MAXNP),1E(MAXEL,9)
DIMENSION AKR(8,MAXEL),PROP(MXMPPM,MAXMAT)
DIMENSION DCOSB(3,MAXBES), ISB(6,MAXBES),NPBB(MAXBNP)
r
DIMENSION FLX(MXVNP),HCON(MXVNP) ,NPCON(MXVNP) ,NPFLX (MXVNP)
- DIMENSION HMIN(MXVNP), NPMIN(MXVNP)
c
DIMENSION HDB(MXDPR), IDTYP (MXDNP) ,NPDB (MXDNP)
DIMENSION QCB(MYCPR),ICTYP(MXCES),ISC(5,MXCES)
C .
DIMENSION ONB(MXNPR), INTYP(MXNES), ISN(5,MXNES)
c
DIMENSION R10Q(4),R2Q(4),XQ(4),YQ(4),2Q(4) ,F1Q(4) ,F2Q(4)
c
DIMENS [0% KGB(4,6)
c
DATA KGB/1,4.8,5, 1,2,6,5, 2,3,7,6, 4,3,7,8, 1,2,3,4, 5,6,7,8/
c
AGRAV=DFLOAT (KGRAV)
c
C ###ik%*x APPLY CAUCHY BOUNDARY CONDITIONS
c

IF(NCES.LE.O) GO TO 300
DO 260 MP=1,NCES

ITYP=1CTYP(MP)
QCBMP-QCB (MP)
c
MPB=ISC(5 ,MP)
LS~ISB(5,MPB)
M=ISB(6 ,MPB)
c

DO 210 10~1.4
I1=KGB(I10,15)
NI=TE(M, 1)
YOTRUIEIAEI )
EOIBUNE A
20,(10,=2(11)
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F1Q(1Q)~QCBMP BC 370
F2Q(1Q)=0.0 BC 375

210 CONTINUE BC 380

c BC 385
CALL Q4S(R1Q,R2Q,XQ,YQ.ZQ,F1Q,F2Q) BC 390

c _BC 395
DO 230 IQ=1,4 BC 400
1-KGB(1Q.Ls) _BC 405
NI-IE(M,I) BC 410
RLD(NI )-RLL(NI) -R1Q(IQ) BC 415

230 CONTINUE BC 420
260 CONTINUE BC 425

c BC 430
C ikt APPLY NEUMANN BOUNDARY CONDITIONS BC 435
c BC 440
300 IF(NNES.EQ.0) GO TO 500 BC 445
DO 390 MP=1,NNES BC 450
ITYP=INTYP (MP) BC 455
QNBMP~QNB (MP) BC 460

c BC 465
MPB-ISN(S ,4P) BC 470
LS=1SB(S,MPB) BC 475
M=ISB(6,MPB) BC 480

c BC 485
MTYP~IE(M,9) BC 490
AKZX=PROP (S ,MTYP) BC 495
AKZY=-PROP (6 ,MTYP) BC 500
AKZZ=PROP(3,MTYP) BC 505

c BC 510
DO 310 IQ=1,4 BC 515
I-KGB(1Q, LS) BC 520
NI=IE(M,I) BC 525
XQ(IQ)=X(NI) BC 530
YQ(IQ)=Y(NI) BC 535
2Q(1Q)~Z(NI) BC 540
F1Q(IQ)=QNBMP BC 545
F2Q(1Q)~AKR(I1Q,M)#*(DCOSB(1,MPB)*AKZX+DCOSB (2 ,MPB) *AKZY+ BC 550

1 DCOSB(3,MPB)*AKZZ) BC 555

310 CONTINUE BC 560

c BC 565
CALL Q4S(R1Q,R2Q,XQ,YQ,Z2Q,F1Q,F2Q) BC 570

c BC 575
C-revren- MODIFY LOAD VECTOR DUE TO NEUMANN FLUX AND GRAVITY TERM. BC 580
c BC 585
DO 360 1Q-1,4 BC 590
I-KGB(IQ,LS) BC 595
NI=-1E(M,I) BC 600
RLD(NI)=RLD(NI)-R1Q(IQ)+R2Q(1Q) BC 605

360 CONTINUE BC 610
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c BC 615
390 CONTINUE BC 620

c BC 625
C *tiakxt APPLY VARIABLE (RAINFALL-SEEPAGE) BOUNDARY CONDITIONS BC 630

c BC 635
500 IF(NVES.EQ.G) GO TO 600 BC 640

c BC 645
[ CAUCHY PART OF VARIABLE BOUNDARY CONDITIONS BC 650

‘ c BC 655
DO 410 NPP-1,NVNP BC 660
' NP=NPFLX (NPP) BC 665
IF (NP.EQ.0) GO TO 410 BC 670

o RLD(NP)-RLD(NP) - FLX(NPP) BC 675
410 CONTINUE BC 680
L€ : : BC 685
€ —remmie- DIRICHLET PART OF VARIABLE BOUNDARY CONDITIONS BC 690
c , BC 695
DO 490 NPP-1,NVNP BC 700
NI-NPCON(NPP) BC 705
IF(NI.NE.O) GO TO 450 BC 710
NI=-NPMIN(NPP) BC 715
IF(NI.NE.G) GO TO 460 BC 720

GO TO 490 BC 725

450 BB~HCON(NPP) BC 730

GO TO 470 BC 735

460 BB=HMIN(NPP) BC 740

c BC 745
470 RLD(NI)=BB . BC 750

DO 480 I=-1,JBAND BC 755
CMATRX(NI,1)=0.0 BC 760
IB~LRN(I,NI) BC 765
IF(IB.EQ.NI) CMATRX(NI,I)=1.0DO BC 770

480 CONTINUE BC 775

490 CONTINUE BC 780

c BC 785

C wikikwx APPLY DIRICHLET BOUNDARY CONDITIONS BC 790

c BC 795
600 IF(NDNP.EQ.0) GO TO 900 BC 800

DO 740 NPP=1,NDNP BC 805
NP=NPDB(NPP) BC 810
NI-NPBB(NP) BC 815
ITYP=IDTYP(NPP) BC 820
BB=HDB(ITYP) - Z(NI ) *AGRAV BC 825
RLD(NI)=BB BC 830

DO 710 I=-1,JBAND BC 835
CMATRX(NI,1)=0.0 BC 840
IB=LRN(I,NI) BC 845
IF(IB.EQ.NI) CMATRX(NI,I)=1,0D0 BC 850

710 CONTINUE BC 855

740 CONTINUE BC 860
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C BC
900 CONTINUE BC

C BC
RETURN BC

END BC
“SUBROUTINE Q4S(R1Q,R2Q,XQ,YQ,ZQ,F1Q, F2Q) s

[ Q4S
8 mlmzw3mawsmsm7ws
I TO COMPUTE BOUNDARY SURFACE LOAD VECTOR OVER A BOUNDARY Q4S
C -cooun-- SURFACE . ‘ Qs
c . | Qss

WIWZW3WAWSW6W7H@S -

C Q4S
C -mmmm-- INPUT: XQ(4), YQ(4), ZQ(4),F1Q(4), F2Q(4). ‘ Qs
C Q4S
C -ccnnue OUTPUT: R1Q(4), R2Q(4). Q4S
c Qs
cm1m2m3mamsmsm7ms
C Qs
IMPLICIT REAL*8 (A-H,0-2) Qs
REAL*8 N(4) Qs

C Qs
DIMENSION R1Q(4),R2Q(4),XQ(4),YQ(4),2Q(4),F1Q(4),F2Q(4) Qs
DIMENSION S(4),T(4),DNSS(4) ,DNTT(4) Q4S

c Qs
DATA P/ 0.577350269189626D0/, S/-1.0D+00, 1.0D+00, 1.0D+0C, Qs

>- 1,0p+00/, T/-1.0D+00,-1.0D+00, 1.0D+00, 1.0D+00/ Qs

c Qs
C cevvew- INITIATE MATRICES RQ(IQ) Qs
c Qs
PO 100 IQ=1,4 Q4S
RI1IQ(IQ)=0.0 Qs

100 R2Q(1Q)=0.0 Qs

c Qs
C ccecew- SUMMATION OF THE INTEGRAND OVER THE GAUSSIAN POINTS Q4s
Cc Q4s
DO 490 KG~1,4 Qs

Cc Qs
C ceveves DETERMINE LOACAL COORDINATE OF GAUSSIAN POINT KG Qs
c Qs
$S=P¥S(KG) Q4s
TT=P*T(KG) Qs
$M=1.0D0-SS Qs

SP=1.0D0+SS Qs

865
870
875
880
885
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TH=1.0D0-TT Qs 205

: TP=1.0DOS+TT Qs 210
[ Qs 215
; N(1)=0.25D0*SM*TH Qs 220
N(2)=-0.25D0*SP*TM Q4s 225
N(3)=0.25D0*SP*TP Qs 230
N(4)=0.25DO*SM*TP Qs 235
DNSS(1)=-0.25D0*TM QS 240
DNSS(2)= 0.25D0*T™M QS 265
DNSS(3)= 0.25D0*TP Q4s 250

DNSS (4)=-0.25D0*TP Qs 255
DNTT(1)~-0.25D0#*SM . Q4S 260
DNTT(2)=-0.25D0#SP Q4S 205
DNTT(3)= 0.25D0*SP ' Q4s 270

- DNTT(&)= 0.25D0*SM : Qs 275

C ) Qs 280
DXDSS=0.0D0 Q4S 285
DYDSS=0.0D0 Qs 290
DZDSS=0.0D0 Qs 295
DXDTT~0.0D0 Qs 300
DYDTT=0.0DO Qs 305
DZDTT=-0.0D0 Qs Mo

DO 290 IQ=-1,4 Q45 315
DXDSS=DXDSS+XQ(1Q)*DNSS(IQ) Qs 320
 DYDSS=DYDSS+YQ(IQ)*DNSS(IQ) Q4S 325
DZDSS=DZDSS+ZQ(IQ)*DNSS(IQ) Q4s 330
DXDTT=DXDTT+XQ(IQ)*DNTT(IQ) Qs 335
DYDTT=-DYDTT+YQ(IQ)*DNTT(IQ) Qs 340
DZDTT=DZDTT+2Q(IQ)*DNTT(IQ) Q4S 345

- 290 CONTINUE Q4ss 350
C Qs 355
_ DETZ=~DXDSS*DYDTT-DYDSS*DXDTT Q4S 360
DETY=-DXDSS*DZDTT+DZDSS*DXDTT Q4S 365
DETX=DYDSS*DZDTT-DZDSS*DYDTT Q4S 370
DET=DSQRT (DETX*DETX+DETY*DETY+DETZ*DETZ) Q4s 375

C Qs 380
C o eevceun- ACCUMULATE THE SUMS TO OBTAIN THE MATRIX INTEGRALS RQ(IQ) Qss 385
c Qs 390
F1K=0.0D0 Q4SS 395
F2K=0.0 Qs 400

DO 350 IQ=1,4 Q6S 405
F1K=F1K+F1Q(IQ)*N(IQ) Qss 410
F2K=F2K+F2Q(IQ)*N(IQ) Qs 415

350 CONTINUE Q4s 420
(o Q4SS 425
DO 390 1Q=1,4 Q4SS 430
R1Q(IQ)=R1Q(IQ)+N(IQ)*F1K*DET Q4S 435
R2Q(1Q)=R2Q IQ)+N(IQ)*F2K*DET Q4S 440

390 CONTINUE Q4s 445
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C Q4s 450
490 CONTINUE Q4S8 a55

C Qs 460
RETURN Q4S 465

END Q4S 470

SUBROUTINE BLKITR(C,CW, CMTRXL,RLDL, CMTRXG,RLDG, C%iR,LNOJCN, BIKI 005

1 NNPLR,IMAXCF, TOLB,NITER,IBUG,KPR,OME) BLKI 010
c BLKI 015

c , BLKI 025

C ------- TO SOLVE THE MATRIX EQUATION WITH BLOCK ITERATION. FIRST,  BLKI 030
Cmmeenn- THE BLOCK MATRIX EQUATION IS ASSEMBLED OUT OF THE GLOBAL BLKI 035

C ------- MATRIX EQUATION. THEN THE INTRA-BOUNDARY CONDITIONS ARE BLKI 040

C ------- IMPLEMENTED. FINALLY, THE BLOCK MATRIX EQUATION IS SOLVED  BLKI 045

5 C --mmen- WLTH DIRECT BAND MATRIX SOLVER. ' BLKI 050
| c - BLKI 055
| c BLKI 065
| C --men-- INPUT: CW(NNP), CMITXG(NNP,JBAND), RLDG(NNP), BLKI 070
C -mmun-- CNLR(NTNNP,NREGN), LNOJCN(JBAND,NNPLR(K) ,NREGN), BLKI 075
Commnn- NNPLR(NREGN), LMAXDF(NREGN), TOLB, NITER, IBUG, KPR, BLKI 080

C -evmne-- OME. : BLKI 085

c . BLKI 090
Coomenn- OUTPUT: C(NNP), CW(NNP). BLKI 095

c . BLKI 100
Comveennn- INPUTING WORKING ARRAYS: CMTRXL(LMXNP,IMXBW), RLDL(LMXNP).  BLKI 105

c BLKI 110
c********1*********2*********3*********[;*********5*********6*********7**5“1 115

c BLKI 120

IMPLICIT REAL*8(A-H,0-Z) BLKI 125

INTEGER*4 GNLR BLKI 130

c BLKI 135

COMMON /SGEOM/ MAXEL,MAXNP ,MAXBES,MAXBNP,JBAND , MAXNTI , MXNDTC BLKI 140

COMMON /CGEOM/ NNP,NEL,NBNP,NBES,KGRAV,NTI ,NDTCHG BLKI 145

COMMON /LGEOM/ LTMXNP,LMXNP,LMXBW,MXREGN,NREGN BLKI 150

c ) BLKI 155
DIMENSION C(MAXNP),CW(MAXNP) BLKI 160

DIMENSION CMTRXL(LMXNP,LMXBW) ,RLDL(LMXNP) BLKI 165

DIMENSION CMTRXG(MAXNP,JBAND) , RLDG(MAXNP) BLKI 170

DIMENSION GNLR(LTMXNP,MXREGN) , LNOJCN(JBAND , LMXNP ,MXREGN) BLKI 175

DIMENSION NNFIR(MXREGN), LMAXDF(MXREGN) BLKI 180
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c
C ~-mn-- PUT ZERO-TH ITERATE INTO ARRAY C
c
DO 110 NP-1,NNP
110 C(NP)=CW(NP)
c
C *%&*+x START INTERATION LOOP
c
IF(IBUG.NE.O .AND. KPR.NE.0) PRINT 1000
c R
DO 690 IT~1,NITER
c ,
C ---n-- FOR EACH ITERATION, SOLVE FOR NREGN REGIONS
c
DO 590 K~=1,NREGN
c
. LHALFB=IMAXDF (K)
LIHBP=LHALFB+1
IBAND=2*LHALFB+1
LNNP=-NNPLR(K)
c
C ----en- PUT GLOBAL LOAD VECTOR INTO CORRESPONDING LOCAL LOAD VECTOR
C ----n-- AND INITIATE THE LOCAL MATRIX CMTRXL(LNNP,IBAND) WHERE
c
DO 210 LI=1,LNNP
NP=GNLR(LI,K)
RLDL(LI )=RLDG (NP)
DO 210 J=1,IBAND
, CMTRXL(LI,J)=0.0
- 210 CONTINUE
c
C ------ ASSEMBLE LOCAL COEFFICIENT MATRIX CMTRXL(LMXNP,LMXBW) FROM THE
C -eeu-- GLOBAL COEFFICIENT MATRIX CMTRXG(MAXNP,JBAND) AND INCORPORATE
C ------ INTERFACIAL DIRICHLET BOUNDARY CONDITIONS INTO RLDL(LMXNP).
¢
DO 490 LI~1,LNNP
NI1=GNLR(LI,K)
c
DO 390 J=1,JBAND
LJ=LNOJCN(J,LI,K)
NJ=GNLR(LJ,K)
c
IF(LJ.LE.0) GO TO 390
c
IF(LJ.GT.LNNP) GO TO 380
LJB=LJ -LI+LIHBP
CMTRXL(LI,LJB)=CMTRXG(NI,.J)

G0 Tu 390
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BIKI
BLKI
BLKI
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BLKI
BLKI
BLKI
BLKI

- BLKI

BLK1
BLKI
BIKI
BIKI
BLKI
BIKI
BIKI
BLKI
BIKI
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380 RLDL(LI)-RLDL(LI)-CMTRXG(NI,J)*C(NJ)
390 CONTINUE

490 CONTINUE

------ SOLVE THE BLOCK EQUATIONS

CALL SOLVE(1,CMTRXL,RLDL,LNNP,LHALFB , IMXNP , IMXBW)
CALL SOLVE(2,CMTRXL,RLDL,LNNP, LHALFB , LMXNP , LMXBW)

BIKI
BLKI
BLKI
BLKI
BLKI
BLKI
BLKI
BLIKI
BLKI
BIX1
BLKI
BLKI

------ PUT THE NEWLY OBTAINED BLOCK SOLTUION INTO THE GLOBAL SOLUTION.BLKI

DO 560 LI-1,LNNP
NP=GNLR (LI ,K)
560 C(NP)=RLDL(LI)*OME + (1.0DO-OME)*C(NP)

590 CONTINUE

------ CHECK IF THE CONVERGENT SOLUTION IS OBTAINED?
DIFMAX~0.0
NOCCUR~1
DO 660 NP=1,6NNP
DIF=C(NP) - CH(NP)
DIF=DABS(DLF)
IF(DIF.LE.DIFMAX) GO TO 660
DIFMAX~DIF
NOCCUR~NP

660 CONTINUE

------- UP DATA THE ITERATE

DO 680 NP-1,NNP
680 CW(NP)=C(NP)

------- PRINT ITERATION INFORMATION
IF(IBUG.NE.O .AND. KPR.NE,0) PRINT 1100, IT,DIFMAX,TOLB,NOCCUR
IF(IT.EQ.1) GO TO 690
IF(DIFMAX.LT.TOLB) GO TO 990

690 CONTINUE

BLKI
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BLKI
BLKI
BLKI
BLKI
BLKI
BIKI
BIKI
BLKI
BLKI
BLK1
BLKI
BIK1
BLKI
BLKI
BLKI
BIKI
BIKI
BLKI
BIXI
BIKI
BLKI
BLKI
BIKI
BIKI
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460
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480
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495
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505
510
515
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530
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540
545
550
555
560
565
570
575
580
585
590
595
600
605
610
615
620
625
630
635
640
645
650
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(34
&
4

€ BLKI 655
PRINT 2000, IT,NITER,DIFMAX,TOLB,NOCCUR BLKI 660

C BLKI 665
Cc BLKI 670
990 CONTINUE BLKI 675
C BLKI 680
1000 FORMAT (1HO//75X,’ IT DIFMAX TOLB NOCCUR’ /75K, BLKI 685
1° - eeeeee L ") BLKI 690

1100 FORMAT(1H ,75X,15,2D12.4,110) BLKI 695
2000 FORMAT(1HO/60X,’ #*** WARNING: NO CONVERGENCE IN BLKI AFTER ‘,14, BLKI 700
1’ ITERATIONS’ /60X,’ NITER =-°,I4,° DIFMAX -’ ,D11.4, BLKI 705

2' TOLB =',D11.4," NOCCUR =',14) BLIKI 710

Cc BIKI 715
RETURN BLKI 720

END BLKI 725
SUBROUTINE SOLVE(KKK,C,R,NNP,IHALFB ,MAXNP MAXBW) SOLV 005

Cc SOLV 010
Chkkkdkik] kkdkikkikk D kkkkkkkik Jkkikiikikklihhikiikk §hkkkkikikGhkiikikikik]xkSOLV 015
Cc SOLV 020
C----v-- TO SOVE A MATRIX EQUATION WITH BAND MATRIX SOLVER. SOLV 025
Cc SOLV 030
Chkkkk ke | Ak drdede dek 2 dk Aok dke ko 3o ook e de e deke 4y dedkededededededede S dedolok dedok &k S ik ke kk k %k Tk SOLV 035
Cc . SOLV 040
C -evovw- INPUT: C(NEQ,NBAND), R(NEQ), NNP, IHALFB, KKK, SOLV 045
C--vev-- WHERE NNP=NEQ AND IHALFB~(NBAND-1)/2 SOLV 050
Cc SOLV 055
C-evevn-- OUTPUT: C(NEQ). SOLV 060
Cc SOLV 065
Chkxdkkkk | dkdddkdodok Dk Ik kkkdodde 3% dekddedededkly dededddedededek §ddkd ek dkk 6 Rtk kdkk k% J**SOLV 070
Cc SOLV 075
- IMPLICIT REAL*8(A-H,0-2) SOLV 080
Cc SOLV 085
DIMENSION C(MAXNP K MAXBW) ,R(MAXNP) SOLV 090

Cc SOLV 095
IHBP=IHALFB+1 SOLV 100

C SOLV 105
C IF KKK =~ 1, THEN TRIANGULARIZE THE BAND MATRIX C(NP,1IB), BUT SOLV 110
C IF KKK =~ 2, THEN SIMPLY SOLVE WITH THE RIGHT-HAND SIDE R(NP) SOLV 115
C SOLV 120

IF (KKK.EQ.2) GO TO 50 SOLV 125
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TRIANGULARIZE MATRIX C(NP,IB)

NU=NNP- IHALFB
DO 20 NI-1.NU
PIVOTI=1.0D0/C(NI, IHBP)
NJ=NI+1
IB=IHBP
NK=-NI+IHALFB
DO 10 NL=NJ,KNK
IB=1IB-1
A=-C(NL,IB)*PIVOTI
C(NL,IB)=A
JB=IB+1
KB=IB+IHALFB
LB=IHBP-IB
DO 10 MB=JB,KB
NB=LB+MB
10 C(NL,MB)=C(NL ,MB)+A*C(NI,NB)
20 CONTINUE
NR=NU+1
NU=NNP-1
NK=NNP
IF(NR.GT.NU) RETURN
DO 40 NI=NR,NU
PIVOTI~1.0D0/C(NI, IHBP)
NJ=NI+1
IB=IHBP
DO 30 NL~NJ,NK
IB=IB-1
A=-C(NL,IB)*PIVOTI
C(NL,IB)=A
JB=1IB+1
KB~IB+IHALFB
LB=IHBP-1IB
DO 30 MB=JB,KB
NB=LB+MB
30 C(NL ,MB)=C(NL ,MB)+A*C(NI,NB)
40 CONTINUE
RETURN

MODIFY LOAD VECTOR R(NP)

50 NU=NNP+1
IBAND=2*IHALFB+1
DO 70 NI=2,IHBP
IB=IHBP-NI+1
NJ=1
SUM=0,0
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DO 60 JB-IB,IHALFB
SUM=SUM+C(NI,JB)*R(NJ)
60 NJ=NJ+1
70 R(NI)=R(NI)+SUM
IB=1
NL=IHBP+1
DO 90 NI-NL NNP
NJI=NI-IHBP+1
SUM=0.0
DO 80 JB=1B,IHALFB
SUM=SUM+C(NI ,JB)*R(NJ)
80 NJ=NJ+1
90 R(NI)=R(NI)+SUM

BACK SOLVE

R(NNP)=R(NNP) /C(NNP, IHBP)
DO 110 IB=~2,IHBP
NI=NU-IB
NJ=NI
MB=IHALFB+IB
SUM=0.0
DO 100 JB=NL MB
NJ=NJ+1
100 SUM=SUM+C(NI,JB)*R(NJ)
110 R(NI)=(R{NI)-SUM)/C(NI, IHBP)
MB=1BAND
DO 130 IB-NL NNP
NI=NU-IB
NJ=NI
SUM=0.0
DO 120 JB=NL MB
NJ=NJ+1
120 SUM=SUM+C(NT,JB)*R(NJ)
130 R(NI)=(R(NI)-SUM)/C(NT, THBP)
RETURN
END

244
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SUMROUTINE SFLOW(X,Y,Z,1E, H,HP,VX, VY VZ TH,DIH, SFLO 005

1 BYLX,BFLXP, DCOSB,ISB,NPBB, MSEL,bSOS,ISTYP,NPW, WSS, IWTYP, SFLO 010

2 NPVB ,NPDB,NPCB,NPNB, DELT, KFLOW) SFLO 015

Cc SFLO 020
Gk dciok | Aok drkdeddok 2 dokdedoiededonde 3o ackokedodok ke fydokodededokodokok 5 ik dokododododok 6 3ok ke ek TRXSFLO 025
C SFLO 030
C ----v-- TO COMPUTE WATER FLUXES, INCREMENTAL FLOW, AND ACCUMULATED SFLO 035
C ------- FLOW THROUGH ALL TYPES OF BOUNDARIES AND CHANGE OF WATER SFLO 040
C ------- STORED IN THE REGION OF INTEREST. SFLO 04%
- C SFLO 050
I Cikrkiciokk | Jokdriok ik 2 dokok-dokdokiok 3 ke dedodk ke deded by dddoko o dok -k S T ke ke ke ok dokk §xkkk kkk ik TxkSFLO 055
Cc SFLO 060
C ------- INPUT: X(NNP), Y(NNP), Z(NNP), IE(NEL,9), H(NNP), HP(NNP), SFLO 065
C ------- VX(NNP), VY(NNP), VZ(NNP), TH(8,NEL), DTH(8,NEL), SFLO 070
C ------- DCOSB(3,NBES), ISB(6,NBES), NPBB(NBNP), MSEL(NSEL), SFLO 075
C ------- SOS(NSPR), ISTYP(NSEL), NPW(NWNP), WSS(NWPR), SFLO 080
C ---eu-- IWTYP(NWNP), NPVB(NVNP), NPDB(NDNP), NPCB{NCNP), SFLO 085
C ------- NPNB(NNNP), DELT, KFLOW. SFLO 090
Cc SFLO 095
C -v-ev-- OUTPUT: FRATE(10), FLOW(10), TFLOW(10). SFLO 100
Cc SFLO 105
C-v--n-- WORKING ARRAYS: BFLX(NBNP), BFLXP(NBNP). SFLO 110
C SFLO 115
Crhdkdddrkk ] Jekdeddokdeddk D dodedddedddede 3 dedodededode dododk £ ke dedededodrdok § ek deke dokdeokok 6 ko k dokkx k T xSFLO 120
C SFLO 125
IMPLICIT REAL*8(A-H,0-Z) SFLO 130

C SFLO 135
COMMON /SGEOM/ MAXEL ,MAXNP ,MAXBES ,MAXBNP,JBAND ,MAXNTI SFLO 140
COMMON /CGEOM/ NNP,NEL,NBNP,NBES,GRAV, NTI SFLO 145

Cc SFLO 150
COMMON /CS/ MXSEL,MXSPR ,MXSDP,NSEL,NSPR,NSDP SFLO 155
COMMON /CW/ MXWNP, MXWPR ,MXWDP, NWNP,NWPR ,NWDP SFLO 160

c SFLO 165
COMMON /CVBC/ MXVES ,MXVNP,MXRPR,MXRDP,NVES,NVNP,NRPR,NRDP SFLO 170
COMMON /CDBC/ MXDNP , MXDPR,MXDDP,NDNP,NDPR,NDDP SFLO 175
COMMON /CCBC/ MXCNP ,MXCES ,MXCPR MXCDP,NCNP ,NCES,NCPR,NCDP SFLO 180
COMMON /CNBC/ MXNNP MXNES ,MXNPR,MXNDP, NNNP,NNES NNPR,NNDP SFLO 185

c SFLO 190
COMMON /CFLOW/ FRATE(10),FLOW(10),TFLOW(10) - SFLO 195

c SFLO 200
DIMENSION X(MAXNP),Y(MAXNP),Z(MAXNP),IE(MAXEL,9) SFLO 205

c SFLO 210
- DIMENSION H(MAXNP), HP(MAXNP) K VX(MAXNP),VY(MAXNP) ,VZ(MAXNP) SFLO 215
DIMENSION TH(8,MAXEL),DTH(8 MAXEL) SFLO 220

c SFLO 225
DIMENSION BFLX(MAXBNP), BFLXP(MAXBND) SFLO 230
DIMENSION DCOSB(3 ,MAXBES),ISB(6 ,MAXBES) ,NPBB(MAYBNP) SFLO 235

c SFLO 240
DIMENSION SOS(MXSPR) MSEL(MXSEL),ISTYP(MAXEL) SFLO 245

DIMENSTON WSS(MXWPR) ,NPW(MXWNP), IWTYP(MXWNP) SFLO 250
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C SFLO 255
DIMENSION NPVB(MXVNP) ,NPDB(MXDNP) , NPCB(MXCNP) ,NPNB (MXNNP) SFLC 260

C SFLO 265
DIMENSION XQ(8),YQ(8),ZQ(8) ,DHQ(8),THG(8) SFLO 270
DIMENSION R1Q(4),R2Q(4),XXQ(4),YYQ(4),22Q(4),F1Q(4) ,F2Q(4) SFLO 275

C SFLO 280
DIMENSION KGB(4,6) SFLO 285

C SFLO 290
DATA KGB/1,4,8,5, 1,2,6,5, 2,3,7,6, 4,3,7,8, 1,2,3,4, 5,6,7,8/ SFLO 295

DATA QS0S/0.0D0/ SFLO 300

C SFLO 305
DO 110 NP=1,NBNP SFLO 310
BFLXP(NP)=BFLX (NP) SFLO 315

110 BFLX(NP)=0.0 SFLO 320
C SFLO 325
C *kkidik CALCULATE VOLUMETRIC FLOW RATE THROUGH ALL BOUNDARY NODES. SFLO 330
C SFLO 335
DO 170 MP=1,NBES SFLO 340

C SFLO 345
1.€=1SB(5,MP) SFLO 350
M=ISB(6,MP) SFLO 355

C SFLO 360
DO 120 1Q=1,4 SFLO 365
I-KGB(IQ,LS) SFLO 370
NI=IE(M,I) SFLO 375
XXQ(IQ)=X(NT) SFLO 380
YYQ(IQ)=Y(NI) SFLO 385

| ZZQ(IQ)=Z(NI) SFLO 390
F1Q(IQ)=DCOSB(1,M¥P)*VX(NI)+DCOSB(2,MP)*VY(NI)+DCOSB(3,MP)*VZ(NI) SFLO 395

! F2Q(1Q)=0.0 SFLO 400
| 120 CONTINUE SFLO 405
C SFLO 410
CALL Q4S(R1Q,R2Q,XXQ,YYQ,2ZQ,F1Q,F2Q) SFLO 415

C SFLO 420
DO 140 IQ=~1,4 SFLO 425
NII-ISB(IQ,MP) SFLO 430
BFLX(NII)=BFLX(NII}+R1Q(IQ) SFLO 435

140 CONTINUE SFLO 440
170 CONTINUE SFLO 445

C SFLO 450
IF (KFLOW.GT.0) GO TO 200 SFLO 455

DO 180 NP~1,NBNP SFLO 460

180 BFIXP(NP)=BFLX(NP) SFLO 465

C SFLO 470
po 190 1-1,9 SFLO 475

190 TFLOW(1)=0.0 SFLO 480
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c SFLO 485
C kbkkrk DETERMINE TOTAL FLOWS AND TOTAL FLOW RATES THROUGH VARIOUS  SFLO 490

C *kax¥ik TYPES OF BOUNDARIES, STARTING WITH THE NET FLOWS THROUGH THE SFLO 495

C *kikirk ENTIRE BOUNDARY. SFLO 500

c SFLO 505

| 200 SUM-0. SFLO 510
SUMP=0. SFLO 515

DO 210 NP-1,NBNP SFLO 520

SUM=SUM+BFLX (NP) SFLO 525

210 SUMP-SUMP+BFLXP (NP) SFLO 530

c SFLO 535
FRATE(7)=SUM SFLO 540

FLOM(7)=0 . 5D0* (SUM+SUMP ) *DELT SFLO 545

c SFLO 550

C *kikkik THE DIRICHLET BOUNDARY SFLO 555

e C SFLO 560
e FRATE(1)=0. SFLO 565

: FION(1)=0. SFLO 570
N IF(NDNP.LE.0) GO TO 400 SFLO 575

- suM-0. SFLO 580
SUMP-0. SFLO 585

DO 330 NPP~1,NDNP SFLO 590
NII-NPDB(NPP) SFLO 595
SUM~SUM+BFLX(NI1) SFLO 600
SUMP=SUMP+BFLXP(NII) SFLO 605

330 CONTINUE SFLO 610
FRATE(1)=SUM SFLO 615

| FLOW(1)=0 . 5DO* (SUM+SUMP) *DELT SFLO 620
| c SFLO 625
c SFLO 630

C *kikbik THE CAUCHY BOUNDARY SFLO 635

c SFLO 640

400 FRATE(2)=0.0 SFLO 645
FLOW(2)=0.0 SFLO 650

IF(NCNP.LE.0) GO TO 500 SFLO 655

SUM=0.0 : , SFLO 660

SUMP=0.0 ] SFLO 665

DO 430 NPP-1,NCNP SFLO 670
NI1=NPCB(NPP) SFLO 675
SUM~SUM+BFLX(NI1) SFLO 680
SUMP=SUMP+BFLXP(NII) SFLO 685

430 CONTINUE SFLO 690
FRATE(2)=SUM SFLO 695

FLOW(2)=0.5D0*(SUM+SUMP)*DELT SFLO 700
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c SFLO 705
c SFLO 710
C *tixakd THE NEUMANN BOUNDARY SFLO 715
c SFLO 720

500 FRATE(3}=0. SFLO 725
FLOW(3)-0. SFLO 730
IF(NNNP_LE.0) GO TO 600 SFLO 735
SUM=0 SFLO 740
SUMP=0 . SFLO 745
DO 530 NPP-1,NNNP SFLO 750
NII-NPNB(NPP) SFLO 755
SUM=SUM+BFLX(NIT) SFLO 760
SUMP~SUMP+BFLXP(NI1) : SFLO 765

530 CONTINUE : SFLO 770
FRATE(3)~-SUM SFLO 775

, FLOW(3)=0.5D0% (SUM+SUMP) *DELT SFLO 780
c SFLO 785
C *¥ktxkk* THE RAINFALL-SEEPAGE BOUNDARY SFLO 790
c SFLO 795

600 FRATE(4)=0. SFLO 800
FLOW(4)=0 . SFLO 805
FRATE(5)=0. SFLO 810
FLOW(5)=0. SFLO 815
IF(NVNP.LE.O) GO TO 700 SFLO 820
SUMS~0. SFLO 825
SUMSP-0 . SFLO 830
SUMR-0. SFLO 835

| SUMRP=0. SFLO 840

‘ DO 640 XPP=1,NVNP SFLO 845

NII=NPVB(NPP) SFLO 850
BFLXA~BFLX(NII) SFLO 855
IF (BFLXA.LT.0.DO) GO TO 630 SFLO 860
SUMS~SUMS+BFLX (NII) SFLO 865
SUMSP~SUMSP+BFLXP(NIT) SFLO 870
GO TO 640 SFLO 875

630 SUMR=~SUMR+BFLX(NII) SFLO 880
SUMRP=SUMRP+BFLXP(NII) SFLO 885

640 CONTINUE SFLO 890
FRATE(4)~-SUMS SFLO 895
FLOW(4)=0.5D0% (SUMS+SUMSP ) *DELT SFLO 900
FRATE(5)=SUMR SFLO 905

FLOW(5)=0, 5D2* (SUMR+SUMRP)*DELT SFLO 910




aaC

249 ORNL-6386
SFLO 915
Jokdorkok THE UNSPECIFIED BOUNDARY, I. E. BOUNDARY WITH ZERO TOTAL FLUX SFLO 920
SFLO 925
700 SUM~0. SFLO 930
SUMP=0. SFLO 935
DO 710 I-1,5 SFLO 940
SUM-SUM+FRATE(1) SFLO 945
710 SUMP~SUMP+FLOW(I) SFLO 950
FRATE(6)~FRATE(7) - SUM SFLO 955
FLOW(6)=FLOW(7) - SUMP SFLO 960
SFLO 965
#nkakk CALCULATE THE INCREASE IN THE WATER CONTENT AND THE SOURCE  SFLO 970
SFLO 975
GSOSP=QSO0S SFLO 980
Q30S=0.0 SFLO 985
QTH~0. SFLO 990
DO 850 M-1,NEL SFLO 995
SFLO1000
SOURCE=0. 0 SFLO1005
IF(NSEL.EQ.0) GO TO 830 SFLO1010
DO 810 Mp-1,NSEL SFLO1015
MS=MSEL(MP) SFL01020
IF(MS.NE.M) GO TO 810 SFLO1025
ITYP=ISTYP(MP) SFL01030
SOURCE=SOS (ITYP) SFL01035
GO TO 830 SFLO1040
810 CONTINUE SFLO1045
SFLO1050
830 DO 840 1Q-1,8 SFL01055
NP=IE(M,1Q) SFLO1060
XQ(1Q)=X(NP) SFLO1065
YQ(IQ)=Y(NP) SFLO1070
2Q(1Q)=2(NP) SFL01075
DHQ(IQ)=H(NP) -HP(NP) SFLO1080
IF(KFLOW.LE.®) DHQ(IQ)=1.0D0 SFLO1085
THG(1Q)=TH(IQ,M) SFL01090
IF(KFLOW.GT.0) THG(IQ)=DTH(IQ,M) SFLO1095
840 CONTINUE SFLO01100
SFLO1105
CALL QB8TH(QTHM,QSOSM,DHQ, THG,XQ, YQ, ZQ, SOURCE) SFLO1110
SFLO1115
QS0S=-QSO0S -QSOSM SFL01120
QTH=QTH+QTHM SFLO1125
850 CONTINUE SFLO1130
SFLO1135
IF(NWNP.EQ.0) GO TO 876 SFLO1140
DO 860 1~1,NWNP SFLO1145
ITYP=IWTYP(I) SFLO1150
860 QSOS=QSOS-WSS(ITYP) SFLO1155
870 CONTINUE SFLO1160
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C SFLO1165
1F(XFLOW.GT.0) GO TO 880 SFLO1170
QSOSP=QS0S SFLO1175

C SFLO1180

880 FRATE(8)=QSO0S SFLO1185
FLOW (8)=0. 5D0*(QSOS+QSOSP) *DELT SFLO1190
FLOW(9)=QTH SFLO1195
FRATE(9)~FLOW(9) /DELT SFL01200
IF(KFLOW.LE.O0) FRATE(9)=-(FRATE(7)+FRATE(8)) SFLO1205

C : SFLO1210
DO 910 I=1,9 SFLO1215

910 TFLOW(I)=-TFLOW(I)+FLOW(I) SFLO1220

C SFLO1225

~ RETURN SFL01230
END ' SFLO1235
SUBROUTINE Q8TH(QTHM,QSOSM, DHQ, THG,XQ,YQ, 2Q, SOURCE) Q8TH 005

C Q8TH 010

C********1*********2*********3*********4*********5*********6*********7**Q8TH 015

c Q8TH 020

C ------- TO COMPUTE WATER CONTENT INTEGRATION AND ELEMENT SOURCE Q8TH 025

C --cum-- INTEGRATION OVER AN ELEMENT. Q8TH 030

c Q8TH 035

C********l*********2*********3*********4*********5*********6*********7**Q81H OaO

c Q8TH 045

C wmeen-- INPUT: DHQ(8), THG(8), XQ(8)., YQ(8), 2Q(8), SOURCE. Q8TH 050

c Q8TH 055

C -evouv-- OUTPUT: QTHM, QSOSM. Q8TH 060

c Q8TH 065

C********1*********2*********3*********4*********5*********6*********7**QBTH 070

c Q8TH 075
IMPLICIT REAL*8 (A-H,0-Z) Q8TH 08V
REAL*8 N(8) Q8TH 085

C Q8TH 090
DIMENSION DHQ(8),THG(8), XQ(8),YQ(8),2Q(8) Q8TH 095
DIMENSION PJAB(3,3),DNSS(8),DNTT(8),DNUU(8) Q8TH 100
DIMENSION S(8),T(8),U(8) Q8TH 105

Cc Q8TH 110
DATA P / 0.577350269189626D0/ Q8TH 115
DATA S/-1.000,1.0D0,1.0D0,-1.0D0, -1.000,1.0D0,1.0D0,-1,0D0/ Q8TH 120
DATA T/-1.0D0,-1.0D0,1.0D0,1.0D0, -1.0D0,-1.0P0,1.0D0,1,0D0/ Q8TH 125

DATA U/-1.0D0O,-1.0D0,-1.0D2,-1.0D0, 1.0D00,1.0D0,1.0D0,1.0D0/ Q8TH 130




QSOSM~0.0

QTHM=-0.
DO 490 KG=1

SS=P*S (KG)
TT=P*T(KG)
UU=P*U(KG)

SM=1.0D0-SS
SP=1.0D0+SS
™=1_0D0-TT
TP-1.0DO+TT
UM=-1.0D0-UU
UP=1.0D0+UU

N(1)=0.125D0*SM*TH*UM
N(2)=0.125D0*SP*TM*UM
N(3)=~0.125D0*SP*TP*UM
N(4)=0.125D0*SM*TP*UM
N(5)=~0.125D0*SM*TM*UP
N(6)~0.125D0*SP*TM*UP
N(7)=0.125D0*SP*TP*UP
N(8)~0.125D0*SM*TP*UP

DNSS(1)=--0.
DNSS(2)=- 0.
DNSS(3)=- 0.
DNSS(4)=-0.
DNSS(5)=-0.
DNSS(6)= 0.
DNSS(7)= 0.
DNSS(8)=-0.

DNTT(1)=--0.
DNTT(2)=-0.
DNTT(3)=~ O.
DNTT(4)= O.
DNTT(5)=-0.
DNTT(6)=-0.
DNTT(7)= O.
DNTT(8)= O.

125DO*TM*UM
125DO*TM*UM
125D0*TP*UM
125D0*TP*UM
125DO*TM*UP
125CL O*TM*UP
125D0*TP*UP
125DO*TP*UP

125D0*SM*UM
125D0*SP*UM
125D0*SP*UM
125D0*SM*UM
125D0*SM*UP
125D0*SP*UP
125D0*SP*UP
125D0*SM*UP

DETERMINE LOACAL COORDINATE OF GAUSSIAN POINT KG

CALCULATE VALUES OF BASIS FUNCTIONS N(IQ).
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Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH

Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH
Q8TH

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
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c Q8TH 365
DNUU(1)=-0.125D0*SH*T™ Q8TH 370
DNUU(2)--0.125D0*SP*TH Q8TH 375
DNUU (3)~-0.125D0*SP*TP QS8TH 380
DNUU (43 —-0_125D0%SH*TP Q8TH 385
DNUU(5)~ 0.125DO*SM*TM QS8TH 390
DNUU(6)~ $_125DO*SP*TH Q8TH 395
DNUZ(7)= 0.125DO*SP*TP QS8TH 400
DNUU(8)~ 0.125DO*SH*TP Q8TH 405

c Q8TH 410
DO 210 J-1,3 QS8TH 415
DO 210 I-1,3 Q8TH 420

210 PJAB(1,J)=0.0 Q8TH 425

c Q8TH 430
DO 220 1-1,8 - Q8TH 435
PJAB(1,1)=PJAB(1,1)+XQ(1)*DNSS(I) Q8TH 440
PJAB(1,2)~PJAB(1,2)+YQ(I)*DNSS(I) Q8TH 445
PJAB(1,3)=PJAB(1,3)+2Q(I1)*DNSS(I) Q8TH 450
PJAB(2,1)=PJAB(2,1)+XQ(I)*DNTT(I) Q8TH 455
PJAB(2,2)=PJAB(2,2)+YQ(I)*DNTT(I) Q8TH 460
PJAB(2,3)=PJAB(2,3)+ZQ(1)*DNTT(I) Q8TH 465
¥5AB(3, 1}-PJAB(3,1)+XQ(I)*DNUU(I) QS8TH 470
PJAB(3,2)=PJAB{3,2)+YQ(I)*DNUU(I) Q8TH 475
PJAB(3,3)=PJAB(3,3)+ZQ(I)*DNUU(T) Q8TH 480

220 CONTINUE Q8TH 485

c Q8TH 490

DJAC~PJAB(1,1)*(23:8(2,2)*PJAB(3,3) -PJAB(2,3)*PJAB(3,2)) - Q8TH 495
1 PJAB(1,2)*(PJAB(2,1)*PJAB(3,3) -PJAB(2,3)*PJAB(3,1)) + Q8TH 500
2 PJAB(1,3)*(PJAB(2,1)*PJAB(3,2)-PJAB(2,2)*PJAB(3,1)) Q8TH 505

c Q8TH 510

C -memv-- INTERPOLATE TO OBTAIN WATER CONTENT AT THE GAUSSIAN POINT KG Q8TH 515

c Q8TH 520
DHQP=0.0 Q8TH 525
DO 390 IQ-1,8 Q8TH 530
DHQP~DHQP+DHQ(1Q) *N(1Q) : Q8TH 535

390 CONTINUE Q8TH 540

c QBTH 545
THQP=-DHQP*THG (KG) Q8TH 550

c Q8TH 555

C--onue- ACCUMULATE THE SUM TO EVALUATE THE INTEGRAL Q8TH 560

c Q8TH 565
QSOSM=QSOSM+SOURCE#DJAC Q8TH 570
QTHM=QTHM+ THQP*DJAC Q8TH 575

490 CONTINUE Q8TH 580

c Q8TH 585

RETURN Q8TH 590

END Q8TH 595
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SUBROUTINE PRINTT(VX,VY,VZ,H,HT,TH, NPBB,BFLX, NPVB,DCYFLX,NPCON, PRIN 005

1 NPFLX ,NPMIN, SUBHD, TIME,DELT, KPR, KOUT KDIAG,ITINM) PRIR 010
C PRIN 015
Cririricirioiok ] ko dodoiok 2 Ak dokodeinie ek 3380kt Ao dok by e dod ddoke dekok S Aok ke kI ioiciok G ok ke ok ik ik PRIN. 020
C PRIN 025
C ------- TO OUTPUT FLOWS, PRESSURE HEAD, TOTAL HEAD, WATER CONTENT, PRIN 030
C------- AND DARCY’'S VELOCITY AS SPECIFIED BY THE PARAMETER KPR. PRIN 035
C PRIN 040
Ciikiickkk ] kidkickickick ) kkkkiiioik 3 dkkkiickicklykikk ki ik Sk ki ki kQiik ik TExPRIN 045
C PRIN 050
C ------- INPUT: VX(NNP), VY(NNP), VZ(NNP), H(NNP), HT(NNP), TH(8,NEL), PRIN 055
C ------- NPBB(NBNP), DCYFLX(NVNP), NPCON(NVNP), NPFLX(NVNP), PRIN 060
C ------- NPMIN(~VNP), “'JBHD(8), TIME, DELT, KPR, KOUT, KDIAG, PRIN 065
C ------- ITIM. PRIN 070
C . / PRIN 075
C---vv-- OUTPUT: LINE PRINT ALL INPUTS IF NEEDED FXCEPT FOR KPR. PRIN 080
C PRIN 085
Cirkickkdick ] edcikkickiok 2 kkickicickdck 3 doki-dck ik kly kiikikikk Sk k ik kick §kkkkkkkk JxPRIN 090
C PRIN 095
IMPLICIT REAL*8(A-H,0-Z) PRIN 100
REAL*4 SUBHD PRIN 105
C PRIN 110
COMMON /SGEOM/ MAXEL,MAXNP,MAXBES ,MAXBNP ,JBAND,MAXNTI PRIN 115
COMMON /CGEOM/ NNP,NEL,NBNP,NBES ,KGRAV,NTI PRIN 120
COMMON /CVBC/ MXVES ,MXVNP ,MXRPR ,MXRDP,NVES ,NVNP,NRPR,NRDP PRIN 125
C PRIN 130
COMMON /CFLOW/ FRATE(10),FLOW(10),TFLOW(10) PRIN 135
c PRIN 140
DIMENSION VX(MAXNP),VY(MAXNP),VZ(MAXNP) ,H(MAXNP) ,HT (MAXNP) PRIN 145
DIMENSTON TH(8,MAXEL) PRIN 150
DIMENSION NPBB(MAXBNP) ,BFLX(MAXBNP) PRIN 155
DIMENSION NPVB(MXVNP) , NPCON(MXVNP) ,NPFLX (MXVNP) ,NPMIN (MXVNP) PRIN 160
DIMENSION DCYFLX(MXVNP) PRIN 165
c PRIN 170
DIMENSION SUBHD(8) PRIN 175
c PRIN 180
IF(KPR.EQ.0) RETURN PRIN 185
c PRIN 190
C --r---- PRINT DIAGNOSTIC FLOW INFORMATION PRIN 195
c PRIN 200
KDIAG=KDIAG+1 PRIN 205
KDIA=KDIAG-1 PRIN 210
PRINT 1000, KDIA,TIME,DELT,ITIM, (FRATE(I),FLOW(I),TFLOW(I),I=1,9) PRIN 215
IF (NVNP.EQ.O) GO TO 130 PRIN 220
DO 120 NPP-~1,NVNP PRIN 225
NKK=NPVB(NPP) PRIN 230
120 DCYFLX(NPP)=~BFLX (NKK) PRIN 235
PRINT 1100 PRIN 240
PRINT 1110, (DCYFLX(NPP),NPP=1,NVNP) PRIN 245

PRINT 1120, (NPCON(NPP),NPP=1,NVNP) PRIN 250
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PRINT 1125, (NPMIN(NPP), NPP=1,NVNP)
PRINT 1130, (NPFLX(NPP),NPP-1,NVNP)

130 IF (KPR.EQ.1) RETURN
c
C ----m-- PRINT PRESSURE HEADS
c
KOUT=KOUT+1
KLINE=-1

PRINT 2000, KOUT,TIME,DELT,JBAND, ITIM, (SUBHD(1),I=1,8)
DO 210 NI-1,NNP,8

NJMN=NI

NJMX=MINO (NI+7 NNP)

KLINE=KLINE+1

>  DELT,JBAND, ITIM, (SUBHD(I),1~1,8)
210 PRINT 2100, NI, (H(NJ),NJ=-NJIMN NJHX)
IF (KZR.EQ.2) RETURN

C --meenn PRINT TOTAL HEADS

KOUT=KOUT+1
KLINE=-1
PRINT 3000, KOUT,TIME,DELT,JBAND,ITIM, (SUBHD(I),I~1,8)
DO 310 NI-1,NNP,8
NJMN~NI
| NJMX=-MINO (NI+7,NNP)
KLINE=KLINE+1

> DELT,JBAND, ITIM, (SUBHD(I),I~1,8)
310 PRINT 2100, NI, (HT(NJ),NJ=-NJMN,NJMX)
IF(KPR.EQ.3) RETURN

C-rr-v-- PRINT WATER CONTENTS

KOUT=KOUT+1

KLINE=-1

PRINT 4000, KOUT,TIME,DELT,JBAND,ITIM, (SUBHD(I),I=1,8)

DO 410 M=-1 NEL

KLINE=KLINE+1

IF(MOD(KLINE,S0) .EQ.0 .AND. KLINE.GE.1) PRINT 4000, KOUT,TIME,
> DELT,JBAND, ITIM, (SUBHD(1),I~1,8)

410 PRINT 4100, M,(TH(1Q,M),1Q=1,8)
IF (KPR.EQ.4) RETURN

IF(MOD(KLINE,50) .EQ.0 .AND. KLINE.GE.1) PRINT 2000, KOUT,TIME,

; IF(MOD(KLINE,50) .EQ.0 .AND. KLINE.GE.1) PRINT 3000, KOUT,TIME,

PRIN
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PRIN
PRIN
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PRIN
PRIN
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PRIN
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PRIN
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PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
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285
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315
320
325
330
335
340
345
350
355
360
365
370
375
380
385
390
395
400
405
410
415
420
425
430
435
440
445
450
455
460
465
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PRIN
------- PRINT DARCY VELOCITIES PRIN
PRIN

KOUT=KOUT+1 PRIN
KLINE=-1 PRIN
PRINT 5000, KOUT,TIME,KDELT,JBAND,ITIM, (SUBHD(1),I-1,8) PRIN

DO 510 NP-1,NNP,3 PRIN
KLINE=KLINE+1 PRIN
IF(MOD(KLINE,50) .EQ.0 .AKD. KLINE.GE.1) PRINT 5000, KOUT,TIME, PRIN

> DELT, JBAND, ITIM, (SUBHD(I),I-1,8) PRIN
NIMN=NP PRIN
NJMX=-MINO(NP+2,NNP) PRIN

S10 PRINT 5100, (NJ,VX(NJ),VY(NJ),VZ(NJ), NJ=NIMN,KNIMX) PRIN
PRIN

RETURN PRIN
PRIN

1000 FORMAT(1H1,' TABLE OF S\STEM-FLOW PARAMETERS’,2X,’'TABLE: ’,I4, PRIN
> ’.. AT TIME =’ ,1PD12.4,’ ,(DELT =’,1PD12.4,’)’,’ ITIM=",14//5X, PRIN

> ' TYPE OF FLOW’,35X,’RATE(L**3/T )’,3X,’INC. FLOW(L**3 )’ ,4X, PRIN

> 'TOTAL FLOW(L#**3 )’/5X, PRIN

1 ' 1. FLOW THROUGH DIRICHLET NODES .. . .’,3(E12.4,10x)/5X, PRIN

2 * 2. FLOW THROUGH CAUCHY NODES . . . . .’,3(El12.4,10X)/5X, PRIN

3 * 3. FLOW THROUGH NEUMANN NODES . . . .’,3(E12.4,10X)/5X, PRIN

4 ' 4. FLOW THROUGH SEEPAGE NODES .. . . .’,3(E12.4,10X)/5X, PRIN

5 * S. FLOW THROUGH INFILTRATION NODES . .’,3(E12.4,10X)/5X, PRIN

6 ' 6. FLOW THROUGH UNSPECIFIED NODES . .’,3(E12.4,10X)/5X, PRIN

7 ¢ 7. NET FLOW THROUGH ENTIRE BO'NDARY .’,3(E12.4,10X)/5X, PRIN

8 ' 8. ARTIFICIAL SOURCESG/SINKS . . . ‘',3(El12.4,10X)/5X, PRIN

9 * 9, INCREASE IN WATER CONTENT . . . . .’,3(E12.4,10X)/5X, PRIN

A ' %%k NOTE: (+) = OUT FROM, (-) = INTO THE REGION. ’//) PRIN
1100 FORMAT(/’ RAINFALL-SEEPAGE NODAL FLOWS (L**3/T)’) PRIN
1110 FORMAT(8D15.4) PRIN
1120 FORMAT(1HO,’ VALUES OF NPCON’/(8115)) PRIN
1125 FORMAT(1rO,’ VALUES OF NPMIN’/(8115)) PRIN
1130 FORMAT(1HO,’' VALUES OF NPFLX’/(5115)) PRIN
2000 FORMAT('1 OUTPUT TABLE’,14,’.. PRESSURE HEADS(L) AT TIME =', PRIN
1 1PD12.4,’ ,(DELT =‘,1PD12.4,’),(BAND WIDTH =’ ,14,’)’,” 1T =’, PRIN

2 15//1X,8A4/1X,’ NODE I’,5X,’PRESSURE HEAD (L) OF WODES I,1I+1,.’, PRIN
3,147 °)) PRIN
2100 FORMAT(17,8(1PD15.4)) PRIN
3000 FORMAT(’1 OUTPUT TABLE’,14,’. TOTAL HEADS(L) AT TIME =',1PD12.4, PRIN
1’ ,(DELT =',1PD12.4,'),(BAND WIDTH =’,14,’)’',’ 1IT ~',15//1X,8A4 PRIN

2 /1X,’ NODE I’,5X,’TOTAL HEAD (L) OF NODES 1,I+1,...,1+7'/) PRIN
4000 FORMAT('1 OUTPUT TABLE’,I4,'. WATER CONTENT(L**3/L*%*3) AT TIME =',PRIN
1 1PD12.4,’ ,(DELT =’,1PD12.4,’),(BAND WIDTH =',14,’)’,’ IT =', PRIN

3 15//1X,8A4//51X,’' GAUSSIAN POINTS’/17X,’1’,14X,'2',14Y '3',14X, PRIN

4 "4’ ,14X,'5',14X,'6" ,14X,'7" 14X, "8’ /1X, 'ELEMENT’ ,2X, "% .#kkkk%%’ PRIN

G ¥ dedede e s s o e Fe ok o e o e s ok o o e ok o ok ok 3 e 3k e ok o e o vk o e vk sk vk e o vk ok vk ok vk ok ke e g ok ek ek , PRIN

6 7 e ok e v g e o v e de e sk e e s de vk v e ok e e e e e e Fe S s e Je e e e e sk e e o de Ko Ko de e e ke ! /) PRIN
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4100 FORMAT(1H ,I17,2X,8D15.7) PRIN 715
SO00 FORMAT(‘1 OUTPUT TABLE®,I4,’.. DARCY VELOCITIES (L/T) AT TIME =, PRIN 720
1 1PD12.4,* ,(DELT =',1PD12.4,’),(BAND WIDTH ~’,14,')’,* IT =, PRIN 725

2 15//1X,8A4//1X,3(" NODE VX vY vz', PRIN 730

3’ 1) /1X, 3 (" kbR ) /) PRIN 735
5100 FORMAT(1H ,3(I5,3D11.3)) PRIN 740
END PRIN 745
SUBROUTINE STORE(X,Y,Z,IE,H,HT,TH,VX,VY,VZ, DCOSB,ISB,NPBB, STOR 005

1 NNPLR,GNIR, TITLE, TIME, NPROB) STOR 010

c : STOR 015
c- STOR 025
G ---en-- TO STORE PERTINENT QUANTITIES ON AUXILIARY DEVICES FOR FUTURE STOR 030
C ------ USES, E. G., FOR PLOTTING. WHAT DEVICE IS TO BE USED MUST BE STOR 035
C -----n- SPECIFIED IN THE JCL. STOR 040
c STOR 045
Crikdddkk] kkkkdkiik D kkdkkkkikikk 3 dikkickkiokly kkikiiikkSkn kikkikkkgkkikikkik]xkSTOR 050
c STOR 055
C ---c--- INPUT: X(NNP), Y(NNP), Z(NNP), IE(NEL,9), H(NNP), HT(NNP),  STOR 060
C ----n-- TH(8,NEL), VX(NNP), VY(NNP), VZ(NNP), DCOSB(3,NBES), STOR 065
C --o-un- 1SB(6,NBES) ,NPBB (NBNP), NNPLR(MXREGSJ), STOR 070
C ------- GNLi (LTMXNP, MXREGN) , TITLE,TIME,NPROB. STOR 075
c STOR 080
C--cn--- OUTPUT: STORE ALL INPUTS IN LOGICAL UNIT 1. STOR 085
c STOR 090
CrEkkkdkdok ] kkdddiddk ) dkikkikikk JxkidkiddkklykhiiikikkSikkkikiiikGhikkikkk ik ] xSTOR 095
c STOR 100
IMPLICIT REAL*8(A-H,0-Z) STOR 105
INTEGER*4 GNLR STOR 110

C STOR 115
COMMON /SGEOM/ MAXEL,MAXNP,MAXBES , MAXBNP, JBAND , MAXNTI STOR 120
COMMON /CGEOM/ NNP,NEL,NBNP,NBES,KGRAV,NTI STOR 125
COMMON /LGEOM/ LTMXNP,LMXNP,LMXBW,MXREGN, NREGN STOR 130

c STOR 135
DIMENSION TITLE(9) STOR 140
DIMENSION X(MAXNP),Y(MAXNP),Z(MAXNP), IE(MAXEL,9) STOR 145
DIMENSION H(MAXNP),HT(MAXNP) ,VX(MAXNP) ,VY(MAXNP) ,VZ(MAXNP) STOR 150
DIMENSION TH(8,MAXEL) STOR 155
DIMENSION DCOSB(3,MAXBES),ISB(6,MAXBES),NPBB(MAXBNP) STOR 160
DIMENSION NNPLR(MXREGN),GNLR(LTMXNP,MXREGN) STOR 165

c STOR 170

DATA NPPROB/-1/ STOR 175
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-C STOR
IF (NPPROB.EQ.(-1)) REWIND 1 STOR

IF (NPPROB_EQ.NFROB) GO TO 110 STOR
WRITE(1) (TITLE(I),I-1,9),NPROB,NNP,NEL, NBNP,KNBES,NTI STOR
WRITE(1) (X(N),N=1,NNP),(Y(N),N=1,NNP), (Z(N),N=1,NNP), STOR

1 ((IE(M,I),¥~1,NEL),I=1,9), ((DCOSB(I, M), I~1,3),M4=1 NBES), STOR

2 ((ISB(I,M),I=1,6),M=1,NBES), (NPBB(N),N~1,NBNP), (NNPLR(N) ,N=1, STOR

3 NREGN), ((GNLR(N,I) ,N=1,LTMXNP),I=1,NREGN) STOR
NPPROB-NPROB STOR

c STOR
110 WRITE(1l) TIME,(H(N),N=1,NNP), (HT(N),N-1,6NNP), ((TH(I M), I~1,8),M~1,STOR

1 NEL), (VX(N),N=1,NNP), (VY(N) ,N=1,NNP) , (VZ(N) ,N=1 NNP) STOR
RETURN STOR

END STOR
SUBROUTINE INTERP(FALL,TRF,RF,TIME,MXPR ,MXDP,NPR,NDP) INTE

c INTE
Ch¥kkkkdk ] ddkddkidkkk Dkikidikdik Yikidickiokklydiiiikiik SkkkkiikikGhkikkikikkikk]k*INTE
c INTE
C------- TO INTERPOLATE FOR THE VALUE FROM THE TABLE INPUT. IF THE  INTE
C ---m--- NUMBER IS OUT OF RANGE, THE FUNCTIONAL VALUE IS SET TO ZFRO. INTE
c INTE
Chdhkdcddkk ] ok kkkdkk 2 kdkdkdhkdik 3xkdkdkdkdiklyhkikikiik SikkkkkkkkQhkhkiikkkik*x]x*kINTE
c INTE
C -eovne- INPUT: TRF(NPD,NPR), RF(NPD,NPR), TIME, NPR, AND NPD. INTE
c INTE
C----v--- OUTPUT: FALL(NPR). INTE
c INTE
Chdodkddckd ] kddedkdckdokd | dkdedkkkdkk Yhkdkkdddoklykikkkikkk S*********6*********7**INTB
c INTE
IMPLICIT REAL*8(A-H,0-Z) INTE

c INTE
DIMENSION FALL(MXPR) ,TRF(MXDP,MXPR) ,RF(MXDP,MXPR) INTE

c INTE
DO 160 I-1,NEFR INTE

DO 140 J=2,NDF INTE
IF(TRF(J-1,1).LE.TIME .AND. TIME.LE.TRF(J,1)) GO TO 120 INTE

GO TO 140 INTE

120 RFJM1=-RF(J-1,1) INTE
TRFIM1=TRF(J-1,1) INTE
RFJ=RF(J,1) INTE
RFJ=TRF(J, ) INTE
*bC=RFJ -RFJM1 INTE
ABCD=TRFJ - TRFJIM1 INTE

FALL(I)=RFJM1+(TIME-TRFJM1)*ABC/ABCD INTE

180
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GO TO 160 INTE 155
140 CONTINUE INTE 160
FALL(1)=0.0 INTE 165
160 CONTINUE INTE 170
c INTE 175
RETURN INTE 180
END INTE 185
SUBROUTINE READR(F,MAXNOD,NNP) REDR 005
c REDR 010
Wlwzmmm3mam5msm7m 015
c REDR 020
; [ TO AUTOMATICALLY GENERATE REAL NUMBER INPUT. REDR 025
: C REDR 030
Wlmzmnwamsmsmqm 03s
c REDR 040
IMPLICIT REAL*8(A-H,0-2) REDR 045
C REDR 050
DIMENSION F(MAXNOD) REDR 055
c REDR 060
NCGDES=0 REDR 065
150 READ 40, NI,NSEQ,NAD,FNI,FAD,FRD REDR 070
| IF(NI.EQ.0) GO TO 170 REDR 075
NJ=NI+NSEQ : REDR 080
DO 160 N=NI,6NJ REDR 085
NODES=NODES+1 REDR 090
I=-NI+(N-NI)*NAD REDR 095
IF(FRD.NE.0.0) GO TO 155 REDR 100
F(1)=FNI+FAD*DFLOAT (N-NI) REDR 105
GO TO 160 REDR 110
155 I1=I-NAD REDR 115
IF(N.EQ.N1) F(I)=FNI REDR 120
IF(N.EQ.NI) DINC=1.0D0 REDR 125
IF(N.GT.NI) DINC=DINC*(1.0DO+FRD) REDR 130
IF(N.GT.N1) F(I)=F(11)+FAD*DINC REDR 135
160 CONTINUE REDR 140
GO TO 150 REDR 145
170 1F(NODES.EQ.NNP) GO TO 180 REDR 150
PRINT 1100 REDR 155
STOP REDR 160
180 IF(NNP.LE.MAXNOD) GO TO 190 REDR 165
PRINT 1200 REDR 170
STOP REDR 175

190 CONTINUE REDR 180
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c REDR
40 FORMAT(3IS,5X,6D10.3) REDR
1100 FORMAT(1H1/1H ,64H *+* ERROR IN EXECUTING READR SINCE NODES .NE. REDR
> NNP:  STOP **¥) REDR

1200 FORMAT(1H1/1H ,46H *+* NNP .GT. MAXNOD IN EXECUTING READR: STOP) REDR
c REDR
RETURN REDR

END REDR
SUBROUTINE READN( INDTYP,MXTYP,NTYPE) REDN

c REDN
; Gk ] dokkkkiickk D kihikhikk 3 dkdckk ikl kikdkidkiix SkIdkikdkikx §khkkkdkiiik ] *REDN
c REDN
C ---mvn- TO AUTOMATICALLY GENERATE INTEGER INPUT. REDN
c REDN
Chidkkikk ] kkdkkiik D kkikikikik 3 kkikidk kil ik ikkkiikSkikikikiikgikikickirxk]x*REDN
c REDN
IMPLICIT REAL#*8(A-H,0-2) REDN

c REDN
DIMENSION INDTYP(MXTYP) REDN

c REDN
NTYPES-0 REDN

110 READ 30,NI,NSEQ,NAD,NITYP,NTYPAD REDN
IF(NI.EQ.0) GO TO 130 REDN
NJ=NI+NSEQ REDN

DO 120 N=NI,NJ REDN
I-NI+(N-NI)*NAD REDN
INDTYP(I)=NITYP + (N-NI)*NTYPAD REDN
NTYPES=NTYPES+1 REDN

120 CONTINUE REDN
co0 TO 110 REDN

130 IF(NTYPES.EQ.NTYPE) GO TO 140 REDN
PRINT 1100 REDN

STOP REDN

140 IF(NTYPE.LE.MXTYP) GO TO 150 REDN
PRINT 1200 REDN

STOP REDN

150 CONTINUE REDN

c REDN
30 FORMAT(SIS) REDN
1100 FORMAT(1H1/1H ,64H #%* ERROR IN EXECUTING READN SINCE NTYPES .NE. REDN
> NTYPE: STOP *i¥) REDN

1200 FORMAT(1H1/1H ,46H *%* NTYPE .GT. MXTYP IN EXECUTING READN: STOP) REDN
c REDN
RETURN REDN

END RED"
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APPENDIX B

Listing of FORTRAN Source Program of 3DFEMWATER
Code PT1 (Point Iteration Version)

ORNL-6386



263 ORNL-6386

SUBROUTINE GW3ID(X,Y,Z,IE, CMATRX,GNOJCN RLD,RI.RL, H, HP HW HT,

1 VK,VY,VZ, TH,DTH,AKR, NPCNV, DCOSB,ISB,NPBB, RFLX,BFLXP,
2 S0S,SOSF,TSOSF, ISTYP,MSEL, WS3,WSSF,TWSSF, IWTYP,NPV,

3 QCB,QCBF,TQCBF, ICTYP, ISC_NPCB, QNB,QNBF,TQNBF, INTYP,ISN,NPNB,

4 RFALL RF,TRF,IRTYP,ISV NPVB, DCYFLX, FLX, HCON, HMIN,
5 NPFLX,NPCON ,NPMIN, HDB,HDBF,THDBF,IDTYP, NPDB,
6 PROP,THPROP,AKPROP, KPR KDSK,TDTCH)

IMPLICIT REAL*8(A-H,0-Z)
REAL*4 SUBHD
INTEGEP><4 GNOJCN

COMMON /SGEOM/ MAXEL,MAXNP,MAXBES ,MAXBNP , JBAND ,MAXNTI ,MXNDTC
COMMON /CGEOM/ NNP,NEL ,NBNP,NFES, KGRAV,NTI,NDTCHG
COMMON /CINTE/ NCYL ,NITER,KSTF ,KPRO,KDSKO,KSS,NPITER, IGEOM

COMMON /CREAL/ DELT,CHNG,DELMAX, TMAX ,DELTO,TOLA,TOLB,W , OME, OMI

COMMON /CS/ MXSEL,MXSPR,MXSDP, NSEL,NSPR,NSDP
COMMON /CW/ MXWNP ,MXWPR ,MXWDP ,NWNP ,NWPR , NWDP

COMMON /CCBC/ MXCNP ,MXCES ,MXCPR,MXCDP ,NCNP,NCES,NCPR,NCDP
COMMON /CNBC/ MXNNP,MXNES ,MXNPR,MXNDP,NNNP, NNES , NNPR,NNDP
COMMON /CVBC/ MXVES ,MXVNP ,MXRPR, MXRDP,NVES,NVNP,NRPR,NRDP
COMMON /CDBC/ MXDNP ,MXDPR MXODDP ,NDNP , NDPR, NDDP

COMMON /SMTL/ MAXMAT MXSPPM,MPPH
COMMON /CMTL/ NMAT,NMPPM NSPPM

COMMON /CFLOW/ FRATE(10),FLOW(10),TFLO\'(10)

DIMENSION X(MAXNP),Y(MAXNP),Z(MAXNP) ,LE(MAXEL,9)

DIMENSION CMATRX (MAXNP,JBAND) ,GNOJCN(JBAND,MAXNP) ,RLD(MAXNP)
DIMENSION RI (MAXNP) ,RL(MAXNP)

DIMENSION H(MAXNP),HP(MAXNP) , HW(MAXNP) ,HT (MAXNP)

DIMENSION VX(MAXNP) ,VY(MAXNP) ,VZ(MAXNP)

DIMENSION TH(8,MAXEL),DTH(8,MAXEL) AKR(8 ,MAXEL), NPCNV(MAXNP)

DIMENSION DCOSB(3 MAXBES),ISB(6,MAXBES), NPBB(MAXBNP)
DIMENSION BFLX(MAXBNP) ,BFLXP(MAXBNP)

DIMENSION SOS(MXSPR),SOSF(MXSDP ,M¥SPR) ,TSOSF(MXSDP ,MXSPR)
DIMENSION ISTYP(MXSEL) ,MSEL(MXSEL)

DIMENSION WSS(MXWPR) ,WSSF(MXWDP ,MXWPR) , TWSSF(MXWDP ,MXWPR -
DIMENSION IWTYP(MXWNP) , NPW(MXWNP)

DIMENSION QCB(MXCPR),QCBF(MXCDP,MXCPR) ,TQCBF(MXCDP ,MXCPR)
DIMENSION ICTYP(MXACES),ISC(5,MXCES), NPCB(MXCNP)

DIMENSION QNB(MXNPR),QNoF(MXNDP, MXNPR),TQNBF (MXNDP MANPR)
DIMENSION INTYP(MXNES),ISN(5,MXNES), NPNB(MXNNP)

GW3D 005
GW3D 010
GW3D 015
GW3D 020
GW3D 025
GW3D 030
GW3D 035
GW3D 040
GW3D 045
GW3D 050
GW3D 055
GU3D 060
GW3D 065
GW3D 070
GW3D 075
GW3D 080
GW3D 085
GW3D 090
GW3D 095
GW3D 100
GW3D 105
GW3D 110
GW3D 115
GW3b 120
GW3D 125
GU3D 130
GW3ID 135
GW3D 140
GW3D 145
GW3D 150
GW3D 155
GW3D 160
GW3D 165
GW3D 170
GW3D 175
GW3D 180
GW3D 185
GW3D 190
GW3D 195
GW3D 200
GW3D 205
GW3iD 210
GW3D 215
GW3iD 220
GW3D 225
GW3D 230
GW3D 235
CW3D 240
GW3D 245
GW3D 250
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~  DIMENSION RFALL(MXRPR),RF(MXRDP,MXRPR) , TRF(MXRDP ,MXRPR)
DIMENSION IRTYP(MXVES),LISV(5,MXVES), NPVB(MXVNP)
DIMENSION DCYFLX(MXVNP) , FLX(MXVNP) , HCON(MXVNP) , HMIN(MXVNP)
DIMENSION NPFLX(MXVNP) ,NPCON(MXVNP) , NPMIN(MXVNP)

DIMENSION HDB(MXDPR) ,HDBF(MXODP,MXDPR) , THDBF(MXDDP ,MXDPR)
DIMENSION IDTYP({MXDNP) ,NPDB(MXDNP)

DIMENSION PROP(MXMPPM, MAXMAT)
DIMENSION THPROP(MXSPPM MAXMAT) ,AKPROP(MXSPPM, MAXMAT)

DIMENSION KPR(MAXNTI) , KDSK(MAXNTI) , TDTCH(MXNDTC)

DIMENSION TITLE(9)
DIMENSION SUBHD(8,3)

 DATA SUBHD/4HINPU,4HT IN,4HITIA,4HL CO,4HNDIT,4HIONS,2%4H
> 4HSTEA ,4HDY-S,4HTATE,4H INI,4HTIAL,4H CON,GHDITI,GHONS , 8%
>4H  /

*hkkdk DATA SET 1: PROBLEM IDENTIFICATION AND DESCRIPTION
100 READ 10, NPROB, (TITLE(I),I-1,9),IGEOM, IBUG, ICHNG

IF (NPROB.LE.O) GO TO 990

PRINT 1000, NPROB,(TITLE(1),I=1,9),IGEOM, IBUG, ICHNG
------- READ AND PRINT INPUT DATA BY CALLING DATAIN

KOUT-0
TIME-~0.0

*kkkkik DATA SETS 2 THROUGH 16 WILL BE READ IN DATAIN

CALL DATAIN(TITLE,NPROB, KPR,KDSK,IDICH,

1 PROP,THPROP,AKPROP, X,Y,Z,1E,H, DCOSB,I1SB,NPBB,

2 SOSF,TSOSF,ISTYP ,MSEL, WSSF,TWSSF,IWTYP, KNPV,

3 QCBF,TQCBF,ICTYP,ISC,NPCB, QNBF,TQNBF,INTYP,6ISN,NPNB,

4 RF,TRF,IRTYP,ISV,NPVB, HCON,HMIN, HDBF,THDBF,IDTYP K NPDB,
5 ISTOP)

IF(IGEOM.LE.3) CALL PAGEN(GNOJCN,IE)
REWIND 4

IF(IGEOM.LE.3) WRITE(4) ((GNOJCN(J,I),J=1,JBAND), I=-1,6NNP)
IF(IGEOM.GT.3) READ(4) ((GNOJCN(J,I),J=1,JBAND),I~1,NNP)

¥DIG~0
IF (ISTOP.CT.O0) GO TO 990
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c

C ----n-n- PREPARE INITIAL OR PRE- INITIAL VARIABLES

c
IF(NSEL.NE.Q) CALL INTERP(SOS,TSOSF,SOSF,TIME,
1 MXSPR ,MXSDP,NSPR ,NSDF)
IF(NWNP.NE.O) CALL INTERP(WSS,TWSSF wsSF,TIME,
1 MXWPR , MXWDP , NWPR , NWD™)

c
IF(NCES.NE.O) CALL INTERP(QCB,TQCBF,QCBF,TIME,
1 MXCPR , MXCDP, NCPR , NCDP)
IF(NNES.NE.O) CALL INTERP(QNB, TQNBF,QNBF,TIME,
1 MXNPR, MXNDP, Niivic , “™NDP)
IF(NVES .NE.O) CALL INTERP(RFALL,TRF,RF,TIME,
1 MXRPR , MXRDP, NRPR , NRDP)
IF(NDNP.NE.O) CALL INTERP(HDB,THDBF, HDBF,TIME,
1 MXDPR , MXDDP, NDPR , NDDP)

c

€ ----ue- PUT DIRICHLET BOUNDARY VALUES TO INITIAL CONDITIONS

c
DO 130 I-1,NDNP
NI-NPDB(I)
NP~NPBB(NI)
ITYP=IDTYP(I)
H(NP)=HDB(ITYP) -Z(NP) *DFLOAT (KGRAV)

130 CONTINUE

c
CALL SPROP(TH,DTH,AKR, IE,H,THPROP,AKPROP)

c
CALL VELT(VX,VY,VZ,CMATRX,X,Y,Z,IE, H,HT,AKR, PROP)
KFLOW=-1

c
CALL SFLOW(X,Y,Z,IE, H,HP,VX,VY,VZ,TH,DTH,
1 BFLX,BFLXP,DCOSB,ISB,NPBB, MSEL,SOS,ISTYP, NPW,WSS,IWTYP,
2 NPVB,NPDB,NPCB,NPNB, DELT, KFLOW)

c
DO 140 I~1,9
IF(1.EQ.9) GO TO 140
FLOW(I)=0.0
TFLOW(I)=0.0

140 CONTINUE

FLOW(9)=0.0

c

[ J PRINT INITIAL OR PRE-INITIAL VARIABLES

c
KDIAG=0

c

CALL PRINTT(VX,VY,VZ H,HT,TH, NPBB,BFLX, NPVE, LCYFLX,NPCOI,

INPFLX,NPMIN, SUBHD(1,1), TIME,DELT,KPRO,KOUT KDIAG,-1.
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GW3D
GW3D

505
510
515
520
525
530
535
540
545
550
555
560
565
570
575
580
585
590
595
600
605
610
615
620
625
630
635
640
645
650
655
660
665
670
675
680
685
690
695
700
705
710
715
720
725
730
735
740
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c
IF(KSTR.EQ.1 .AND. KSS.EQ.1 _AND. KDSKO.EQ.1)
> CALL STORE(X,Y,Z,IE, H,HT,TH,VX,VY,VZ DCOSB,ISB,NPBB,
1 TITLE, TIME, NPROB)
c
1IF (KSS.NE.0) GO TO 500
C
C $95995$
C $5555$5 PERFORM STEADY-STATE CALCULATION
C $5%98§$
C
4 IF (NVES_EQ.0) GO TO 170
c
DO 150 NPP~1,NVNP
NI=NPVB(NPP)
NPCON(NPP)~NPBB(NI)
NPMIN(NPP)=0
150 NPFLX(NPP)=0
c
NCHG=-1
CALL BCPREP(IE,X,Y,Z,H,VX,VY VZ DCOSB,ISB,NPVB,ISV,DCYFLX,FLX,
> HCON,HMIN, NPFLX,NPCON,NPMIN, IRTYP ,RFALL, NCHG)
c

170 DO 180 NP-1,NNP

180 HP(NP)=H(NP)
C
KDIG~KDIG+1
IF(IBUG.NE.O) PRINT 10400,KDIG,TIME, DELT
c
C ------- ITERATION LOOP ON SEEPAGE-RAINFALL BOUNDARY CONDITIONS BEGINS
Cc
EPS=0.5D0*TOLA
C
DO 330 ICY-1,NCYL
c
DO 210 NP~1 NNP ,
HW(NP)~OME*H (NP)+(1.0DO-OME)*HP (NP)
RI(NP)=HW(NP)
210 CONTINUE
c
C--cvr--- ITERATION LOOP ON THE NON-LINEAR EQUATION BEGINS
c
IF(IBUG.NE.O) PRINT 10401, ICY
c
C--ev--- PUT DIRICHLET BOUNDARY VALUES OF THE VARIABLE BOUNDARY
C-ecvr-- INTO H, RI, HW, AND RL
c

IF(NVES.EQ.0) GO TO 250
DO 230 NPP-l NVNP
NI~-NPMIN(NPP)

GW3D
GW3Db
GW3D
GW3D
GW3Db
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
Gu3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3Dp
“w¥3D
wiW3D
GW3Dp
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
Gw3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D
GW3D

745
750
755
760
765
770
775
780
785
790
795
800
805
810
815
820
825
830
835
840
845
850
855
860
865
870
875
880
885
890
895
900
905
910
915
920
925
930
935
940
945
950
955
969
965
970
975
980
985
990




SR R R R R T

IF(NI.EQ.0) GO TO 220
R(NI)-HMIN(NPP)
RI(NI)-HMIN(NPP)
HU(NI )=HMIN(NPP)
RL(NI)-HMIN(NPP)

GO TO 230

220 NI-NPCON(NPP)

IF(NI.EQ.0) GO TO 230

~ H(NI)=-HCON(NPP)

RI(NI)=-HCON(NPP)
HW(NI)=-HCON(NPP)
RL(NI )-HCON(NPP)
CONTINUE
CONTINUE

DO 350 IT-1,NITER

---- EVALUATE SOIL PROPERTIES FOR PREVIQUS ITERATE

CALL SPROP(TH,DTH,AKR, IE,HW,THPROP,AKPROP)

---- ASSEMBLE STEAD-STATE ELEMENT MATRICES QA AND QB INTO THE
---- GLOBAL MATRIX C AND CONSTRUCT GLOBAL LOAD VECTOR R FROM
---- ELEMENT LOAD VECTOR RQ.

CALL ASEMBL(X,Y,Z,IE, CMATRX,RLD,GNOJCN,HW HP,DTH,AKR,PROP,
> SOS,MSEL,ISTYP,WSS,NPW, INTYP, KSS,W,DELT)

---- APPLY STEADY-STATE BOUNDARY CONDITIONS

267
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GW3D 995
GW3D1000
GW3D1005
GW3D1010
GW3D1015
GW3D1020
GW3D1025
GW3D1030
GW3D1035
GW3D1040
GW3D1045
GW3D1050
GW3D1055
GW3D1060
GW3D1065
GW3D1070
GW3D1075
GW3D1080
GW3D1085
GW3ID1090
GW3D1095
GW3D1100
GW3D1105
GW3D1110
GW3D1115
GW3D1120
GW3D1125
GW3D1130
GW3D1135
GW3D1140

CALL BC(CMATRX,RLD,GNOJCN, IE,X,Y,Z, AKR,PROP, DCOSB,ISB,NPBB, GW3D1145
1 QCB,1SC,ICTYP, QNB,ISN,INTYP, FLX,(HCON,HMIN,NPFLX,NPCON,NPMIN, GW3D1150

2 HDB, IDTYP,NPDB, KSS)

---- SOLVE THE MATRIX EQUATION BY POINTWISE ITERATION

GW3D1155
GW3D1160
GW3D1165
GW3D1170

CALL PISS(RL,RI,RLD,CMATRX,GNOJCN,OMI ,EPS ,NNP,NPITER,MAXNP,JBAND, GW3D1175

1 IBUG,KPRO)

---- OBTAIN MAXIMUM RELATIVE DEVIATION FROM PREVIOUS ITERATE

NPP=0

RD=-1.0D0
RES=-1.0D0

DO 320 NP=-1,NNP

RESNP=DABS (RL(NP) -H(NP))

PES=DMAX1(RES,RESNP)

IF(H(NP) .NE.0.0DO) RD~DMAX1(RD,DABS(RESNP/H(NP)))
IF(RESNP .LE. TOLA) GO TO 320

NPP=NPP+1

GW3D1180
GW3D1185
GW3D1190
GW3D1195
GW3D1200
GW3D1205
GW3D1210
GW3D1215
GW3D1220
GW3D1225
GW3D1230
GW3D1235
GW3D1240
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NPCNV(NPP)-NP GW3D1245
320 CONTINUE GW3D1250

c GW3D1255
NNCVN-NPP GW3D1260

c GM3D1265
C mecmeen UPDATE PRESSURE WITH CURRENT ITERATE GW3D1270
c GW3D1275
PO 330 NP-1,NNP GW3D1280
H(NP)=~OME*RL (NP)+ (1. 0DO - OME) *H (NP) GW3D1285

E RI(NP)-H(NP) GW3D1290
. HW(NP)-H(NP) GW3D1295
: 330 CONTINUE GW3D1300
c GW3D1305
C -eoenn- ESCAPE FROM ITERATION LOOP IF THE MAXIMUM RESIDUAL IS GW3D1310
G mmeemne SUFFICIENTLY SMALL GW3D1315
c GW3D1320
IF(IBUG.NE.0) PRINT 10200, IT,RES,RD,NNCVN GW3D1325
IF(IT.EQ.1) GO TO 350 GW3D1330
IF(RES.LT.TOLA) GO TO 360 GN3D1335

c GW3D1340
350 CONTINUE GW3D1345

c GW3D1350
C ---v--- END OF ITERATION LOOP ON THE NON-LINEAR EQUATION GW3D1355
c : GW3D1360
PRINT 10210, ICY,IT,NITER,RES, RD,NNCVN GW3D1365

c GW3D1370
Covmumn- PRINT NONCONVERGENING NODES GW3D1375
c GW3D1280
IF(IBUG.EQ.0) GO TO 360 GW3D1385

PRINT 10500 GW3D1390

PRINT 10600, (NPCNV(NPP) ,NPP=-1,NNCVN) GW3D1395

c GW3D1400
360 IF(ICHNG.EQ.0) GO TO 380 GW3D1405
IF(NVES.EQ.0) GO TO 380 GW3D1410

c CW3D1415
Cremmmn- PRINT RAINFALL-SEEPAGE B. C. CHANGE INFORMATION GW3D1420
c GW3D1425
PRINT 10402, ICY GW3D1430

DO 370 I-1,NVNP GW3D1435
NI-NPVB(I) GW3D1440
NP-NPBB(NI) GW3D1445
PRINT 10403, I,NP,NPCON(I),HCON(I) ,NPMIN(I), HMiN(I) NPFLX(I), GW3D1450

1  FLX(I),DCYFLX(I) GW3D1455

370 CONTINUE GW3D1460

c GW3D1465
Coeeene- CALCULATE DARCY’S VELOCITY GW3D1470
c GW3D1475
380 CALL SPROP(TH,DTH,AKR, IE,H,THPROP,AKPROP) GW3D1480

¢ GW3D1485

CALL VELT(VX,VY,VZ,CMATRX,X,Y,Z,1E,H, HT,AKR, PROP) GW3D1490
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c
IF(NVES .EQ. 0) GO TO 440
c
[ PREPARE BOUNDARY CONDITIONS ON THE VARIABLE-TYPE BOUNDARY FOR
[ NEXT CYCLE COMPUTATIONS.
c
CALL BCPREP(IE,X,Y,Z, H,VK,VY,VZ, DCOSB,ISB, NPVB,ISV,DCYFLX, FLX,
> HCON, HMIN, NPFLX, NPCON, NPMIN, IRTYP, RFALL, NCHG)
c
1F(NCHG.EQ.0) GO TO 440
390 CONTINUE
c
C -cmom-- END OF ITERATION LOOP ON SEEPAGE-RAINFALL BOUNDARY CONDITIONS
c
PRINT 10610, ICY,IT,NCYL,NITER,RES,RD,NNCVN
c

440 IF(NNCVN.EQ.0) GO TO 445

PRINT 10610, ICY,IT,NCYL,NITER,RES,RD,NNCVN
c
C ------- COMPUTE FLUXES THROUGH ALL TYPES OF BOUNDARIES.
c
445 KFLOW=0
CALL SFLOW(X,Y,Z,IE, H HP,VX,VY,VZ TH,DTH,
1 BFLX,BFLXP,DCOSB,1SB,NPBB, MSEL,bSOS,ISTYP, NPW,WSS,K IVTYP,
2 NPVB,NPDB,NPCB ,NPNB, DELT, KFLOW)
c
DO 450 I~-1,9
IF(I.EQ.9) GO TO 450
FLOW(I)=0.0
TFLOW(1)~0.0
450 CONTINUE
FLOW(9)=0.0
c
C ccevvn- PRINT STEADY-STATE VARIABLES
c
CALL PRINTT(VX,VY,VZ,H,HT,TH, NPBB,BFLX, NPVB,DCYFLX,nsFCON,
-1 NPFLX,NPMIN, SUBHD(1,2), TIME,DELC, KPRO,KOUT,KDIAG,0)
C
IP(KSTR.EQ.1 .AND. KDSKO.EQ.1l) CALL STORE(X,Y,Z,IE,
> H,HT,TH,VX,VY,VZ,DCOSB,IGB,NPBB, TITLE, TIME,NPROB)
c
IF (NTI.EQ.O0) GO TO 100
c
KSS~1
c
C $999999
C $$5$99S PERFORM TRANSIENT-STATE CALCULATION
C $895999
c

500 IF (NVES.EQ.0) GO TO 550

6386

GW3D1495
GW3D1500
GW3D1505
GW3D1510
GW3D1515
GW3D1520
GW3D1525
GW3D1530
GW3D1535
GW3D1540
GW3D1545
GW3D1550
GW3D1555
GW3D1560
GW3D1565
GW3D1570
GW3D1575
GW3D1580
GW3D1585
GW3D1590
GW3D1595
GW3D1600
GW3D1605
GW3D1610
GW3D1615
GW3D1620
GW3D1625
GW3D1630
GW3D1635
GW3D1640
GW3D1645
GW3D1650
GW3D1655
GW3D1660
GW3D1665
GW3D1670
GW3D1675
GW3D1680
GW3D1685
GW3D1690
GW3D1695
GW3Dp1700
GW3D1705
GW3D1710
GW3D1715
GW3D1720
GW3D1725
GW3D1730
GW3D1735
GW3D1740
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C
DO 510 NPP-1,NVNP
NI=-NPVB(NPP)
NPCON(NPP)=NPBB(NI)
NPMIR(NPP)=-0
510 NPFLX(NPP)=0
C
NCHG=-1
C
550 TIME~TIME+DELT
Wl-w
W2-1.0D0-W
KFLOW=-1
TFLOW(9)=0.0
C
C ~-cvv-- BEGIN THE ‘TIME-MARCHING LOOP
c
EPS=0.5D0*TOLB
IDELT=0
DO 890 ITM~1,NTI
ITMITM=-ITM
C
C---on-- PREPARE TRANSIENT BOUNDARY CONPITIONS AND SOURCE FOR THE STFP
c
IF(NSEL.NE.O) CALL INTERP(SOS,TSOSF,SOSF,TIME,MXSPR,MXSDP,
1 KRSPR,NSDP)
IF(NWNP.NE.O) CALL INTERP(WSS,TWSSF,WSSF,TIME, HXUPR MXVDP,
1 NWPR,NWDP)
C
IF(NCES.NE.0) CALL INTERP(QCB,TQCBF,QCBF,TIME,
1 MXCPR ,MXCDP ,NCPR,NCDP)
IF(NNES.NE.0) CALL INTERP(Ql'3,TQNBF,QNBF,TIME,
1 MXNPR ,MXNDP ,NNPR,NNDP)
IF(NVES.NE.O) CALL INTERP(RFALL,TRF,RF,TIME,
1 MXRPR ,MXRDP,NRPR, NRDP)
IF(NDNP.NE.O) CALL INTERP(HDB, THDBF,HDBF,TIME,
1 MXDPR ,MXDDP ,NDPR ,NDDP)
c
IF(NVES.EQ.0) GO TO 560
NCHC=-1
CALL BCPREP{IE,X,Y,2, H,VX,VY,VZ, DCOSB,ISB, NPVB,ISV,DCYFLX, FLX,
1 HCON,HMIN NPFLX ,NPCON,NPMIN, IRTYP,RFALL, NCHG)
C
560 DO 570 NP=1, MNP
-RL(NP)=H(NP)
HP (NP )=H(NP)
570 CONTINUE
c
KDIG~KDIG+1

IF(IBUG.NF.0 .AND. KPR(ITM).NE.O) PRINT 10400, KDIG,TIME,DELT

GW3D1745

'GW3D1750

GW3D1755
GW3D1760
GW3D1765
GW3D1770
GW3ID1775
GW3D1780
GW3D1785
GW3D1790
GW3D1795
GW3D1800
GW3D1805
GW3D1810
GW3D1815
GW3D1820
GW3D1825
GW3D1830
GW3D1835 -
GH3D1840
GW3D1845
GW3D1850
GW3D1855 -
GW3D1860
GW3D1865
GW3D1870
GWID1875
GW3D1880
GW3D1885
GW3D1890
GW3D1895
GW3D1900
GW3D1905
GW3D1910
GW3D1915
GW3D1920
GW3D1925
GW3D1930
GW3D1935
GW3D1940
GW3D1945
GW3D1950
GW3ID1955
GW3D1960
GW3D1965
GW3D1970
GW3D1975
GW3D1980
GW3D1985
GW3D1990
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c GW3D1995
C ------- BEGIN ITERATION LOOP ON SEEPAGE-RAINFALL BOUNDARY CONDITIONS GW3D2000
C GW3D2005
DO 690 ICY~1i,NCYL GW3D2010
IF(IBUG.NE.O .AND. KPR(ITM).NE.O) PRINT 10401, ICY GW3D2015

c GW3D2020
DO 580 NP-1,NNP GW3D2025
H(NP)=OME*RL(NP)+(1.0D0-OME)*H(NP) GW3D2030
RI(NP)=H(NP) GW3D2035
HW(NP)=W1%(OME*H(NP)+(1.0D0-OME)*HP(NP) ) +W2*HP (NP) GW3D2040

580 CONTINUE GW3D2045
C GW3D2050
C ------- BEGIN ITERATION LOOP ON THE NON-LINEAR EQUATION GW3D2055
c GW3D2060
C ------- PUT DIRICHLET BOUNDARY VALUES OF THE VARIABLE BOUNDARY GW3D2065
C --ov--- INTO H, RI, HW, AND RL GW3D2070
c GW3D2075
IF(NVES.EQ.0) GO TO 595 GW3D2080

DO 590 NPP-1,NVNP GW3D2085
NI=-NPMIN(NPP) GW3D2090
IF(NI.EQ.0) GO TO 585 GW3D2095
H(NT)=HMIR(NPP) GW31D2100
RI(NI)=-HMIN(NPP) GW3D2105
HW(NI)=HMIN(NPP) GW3D2110
RL(NI)=-HMIN(NPP) GW3D2115

GO0 TO 590 GW3D2120

585 NI-NPCON(NPP) GW3D2125
IF(NI.EQ.0) GO TO 590 GW3D2130
H(NI)=HCON(NPP) GW3D2135
RI(N1)=HCON(NPP) GW3D2140
HW(NI)=HCON{NPP) CW3D2145
RL(NT)=HCON(NPP) GW3D2150

590 CONTINUE GW3D2155
595 CONTINUE GW3D2160
c Gw3D2165
DO 650 IT-1,NITER GW3D2170

C CW3iD2175
C ------- EVALUATE SOIL PROPERTIES FOR PREVIOUS ITERATE GW3D2180
C GW3D2185
CALL SPROP(TH,DTH,AKR, 1E,HW,THPROP,AKPROP) GW3D2190

c GW3D2195
(R ASSEMBLE ELEMENT MATRICES JA AND QB INTO THE GLOBAL MATRIX C GW3D2200
C --vv--- AND CONSTRUCT THE GLOBAL LOAD VECTOR R FROM ELEMENT LOAD CwW3D2205
C-evemv-- VECTOR RQ. GW3iD2210
c GW3D2215
CALL ASEMBL(X,Y,Z,IE, CMATRX,RLD,GNOJCN,HW HP,DTH, AKR,PROP, GW3D2220

> SOS,MSEL,1STVYP WSS ,NPW,IWTYP, KSS,W,DELT) Cw3iD2225
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c
€C ---meu- APPLY BOUNDARY CONDITIONS TO MODIFY THE GLOBAL MATRIX C AND
C ----n-- THE LOAD VECTOR R.
c
CALL BC(CMATRX,RLD,GNOJCN, IE.X,Y,Z, AKR,PROP, DCOSB,ISB,NPBB,
1 QCB,ISC,ICTYP, QNB,ISN,INTYP, FLX,éHCON,KHMIN, NPFLX,NPCON,NPMIN,
2 HDB, IDTYP,NPDB, KSS)
c
C --enn-- SOLVE THE MATRIX EQUAITON BY POINTWISE ITERATION
c
CALL PISS(RL,RI,RLD,CMATRX,GNOJCN,OMI,EPS,NNP,NPITER,MAXNP, JBAND,
1 IBUG,KPR(ITM))
c
C -cemme- OBTAIN MAXIMUM RELATIVE DEVIATION FROM PREVIOUS ITERATE
c
NPP=0
RD=-1.0D0
RES=-1.0D0
DO 620 NP=1,NNP
RESNP=DABS (RL(NP) -H(NP) )
RES=~DMAX1 (RES, RESNP)
IF(H(NP) .NE. 0.0DO) RD=DMAX1(RD,DABS(RESNP/H(NP)))
IF(RESNP .LE. TOLB) GO TO 620
NPP=NPP+1
NPCNV (NPP)=NP
620 CONTINUE
c
NNCVN=NPP
c
C -ecmnu- UPDATE PRESSURE WITH CURRENT ITERATE
c
DO 630 NP=1,NNP
H(NP) =OME*RL(NP)+(1.0D0-OME) *H (NP)
RI(NP)=H(NP)
HW(NP)=W1*H(NP)+W25 HP (NP)
630 CONTINUE
c
[ J ESCAPE FROM ITERATION LOOP IF THE MAXIMUM RESIDUAL IS
Coeve--- SUFFICIENTLY SMALL.
c
IF(IBUG.NE.O .AND. KPR(ITM).NE.O) PRINT 10200, IT,RES,RD,NNCVN
IF(IT.EQ.1 .AND. ITM.EQ.1) GO TO 650
IF(RES.LT.TOLB) GO TO 660
c
650 CONTINUE
c
Covmee-- END THE ITERATION LOOP ON THE NON-LINEAR EQUATION
c

PRINT 10710, ITM,ICY,IT,NITER,RES,RD,NNCUN

GW3D2230
GW3D2235
GW3D2240
GW3D2245
GW3D2250
GW3D2255
GW3D2260
GW3D2265
GW3D2270
GW3D2275
GW3D2280
GW3D2285
GW3D2290
GW3D2295
GW3D2300
GW3D2305
GW3D2310
GW3D2315
GW3D2320
GW3D2325
GW3D2330
GW3D2335
GW3D2340
GW3D2345
GW3D2350
GW3D2355
GW3D2360
GW3D2365
GW3D2370
GW3D2375
GW3D2380
GW3D2385
GW3D2390
GW3D2395
GW3D2400
GW3D2405
GW3D2410
GW3D2415
CW3Dz420
GCW3D24625
GW3D2430
GW3D2435
GW3D2440
GW3D2445
GW3D2450
GW3D2455
GW3D2460
CW3D2465
GW3D2470
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GW3D2475

IF(IBUG.EQ.0 .OR. KPR(ITM).EQ.0) GO TO 66C GW3D2480
GW3D2485

------- PRINT NONCONVERGING NODES GW3D2490
GW3D2495

PRINT 10500 GW3D2500
PRINT 10600, (NPCNV(NPP),NPP-1,NNCVN) GW3D2505
GW3D2510

660 IF(ICHNG.EQ.0 .OR. KPR(ITM).EQ.0) GO TO 680 GW3D2515
IF(NVES.EQ.0) GO TO 680 GW3D2520
GW3D2525

------- PRINT RAINFALL-SEEPAGE BOUNDARY CONDITION CHANGE INFORMATION GW3D2530
GW3D2535

PRINT 10402, ICY GW3D2540

DO 670 I-1,NVNP " GW3D2545
NI-NPVB(I) GW3D2550
NP=NPBB(NI) GW3D2555
PRINT 10403, I,NP,NPCON(I),HCON(I),NPMIN(I) HMIN(I),NPFLX(I), GW3D2560

1  FLX(I),DCYFLX(I) GW3D2565
670 CONTINUE GW3D2570
GW3D2575

------- CALCULATE DARCY’S VELOCITY GW3D2580
GW3D2585

680 CALL SPROP(TH,DTH,AKR, IE,H,THPROP,AKPROP) GW3D2590
GW3D2595

CALL VELT(VX,VY,VZ,CMATRX,X,Y,Z,1E,H, HT,AKR, PROP) GW3D2600
GW3D2605

IF(NVES.EQ.0) GO TO 710 GW3D2610
GW3D2615

CALL BCPREP(IE,X,Y,Z,H,VX,VY,vZ, DCOSB,ISB, NPVB,ISV,DCYFLX,FLX, GW3D2620

> HCON,HMIN, NPFLX,NPCON,NPMIN , IRTYP,RFALL, NCHG) GW3D2625
GW3D2630

IF(NCHG.EQ.0) GO TO 710 GW3D2635
GW3D2640

690 CONTINUE GW3D2645
GW3D2650

------- END ITERATION LOOP ON SEEPAGE-RAINFALL BOUNDARY CONDITIONS  GW3D2655
GW3D2660

PRINT 10810, ITM,ICY,IT,NCYL,NITER,RES,RD,NNCVN GW3D2665

710 IF(NNCVN.EQ.0) GO TO 740 GW3D2670
PRINT 10810, ITM,ICY,IT,NCYL NITER,RES,RD,NNCVN GW3D2675
GW3iD2680

------- COMPUTE FLUXES THROUGH ALL TYPES OF BOUNDARJES GW3D2685
GW3D2690

760 CALL SFLOW(X,Y,Z,I1E, H,HP,VX,VY,VZ,TH,DTH, GW3D2695
1 BFLX,BFLXP,DCOSB,ISB,NPBB, MSEL,SOS,ISTYP,NPW,6WSS, IWTYP, GW3D2700

2 NPVB,NPDB,NPCB,NPNB, DELT, KFLOW) GW3D2705
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C GW3D2710
C ------- PRINT VARIABLES AT EACH TIME STEP GW3D2715
C GW3D2720
CALL PRINTT(VX,VY,VZ . H,HT,TH, NPBB,BFLX, NPVB,DCYFLX,NPCON, GW3D2725

1 NPFLX,NPMIN,SUBHD(1,3), TIME,DELT, KPR(ITM),.KOUT,KDIAG,ITMITM) GW3D2730

C GW3D2735
IF(KSTR.EQ.1 .AND.KDSK(ITM).EQ.1) CALL STORE(X,Y,Z,IE, GW3D2740

> H,HT,TH,VX,VY,VZ, DCOSB,ISB,NPBB, TITLE, TIME,NPROB) GW3D2745

C GW3D2750
C --c---- PREPARE FOR NEXT TIME STEP GW3D2755
c GW3D2760
IF{TIME.GT.TMAX) GO TO 100 GW3D2765
DELT-DELT* (1. 0D0+CHNG) GW3D27/70
DELT~-DMINY (DELT, DELMAX) GW3D2775
IF(IDELT.EQ.C) GO TO 880 GW3D2780
IF(TIME.EQ.TDTCH(IDELT)) DELT-DELTO GW3D2785

880 TIME~TIME+DELT GW3D2790
IF(TIME.LT.TDTCH(IDELT+1)) GO TO 890 GW3D2795
IDELT=~IDELT+1 GW3D2800
TIME~TIME-DELT GU3D2805
DELT-TDTCH(IDELT) -TIME GW3D2810
IF(DELT.LE.0.0) DELT=DELTO GW3D2815
TIME~-TIME+DELT GW3D2820

890 CONTINUE GW3D2825

C GW3D2830
C --ov-v-- END OF TIME-MARCHING LOOP GW3D2835
C GW3D2840
GO TO 100 GW3D2845

Cc GW3D2850
990 RETURN GW3D2855

C GW3D2860
10 FORMAT(IS5,9A8,311) GW3D2865
1000 FORMAT(’'1 PROBLEM’,15,’.. ’,9A8,1X,3I1/) GW3D2870
10200 FORMAT(5X,I10,3X,E12.4,3X,E12.4,15X,110) GW3D2875

10400 FORMAT(' 1’ , * dkikkdkiriok ki iokik ik ik ok & 13 dokinkirinkkink ik d ik k' GWY3D2880
1 dkkdrkkkkdhdodokdokkkkiodiokoi ki k kilokkdoioick ikl ko ok ik iiokkokk ' GW3D2885

2 *dxakk’///' DIAGNOSTIC TABLE’,14,’.. AT TIME =',1PC12.4, GW3D2890
3 ¢+ ,(DELT =', 1PD12.4,")") GW3D2895
10401 FNORMAT(//’ TABLE OF ITERATIVE PARAMETERS FOR’,I3,’-TH CYCLE’//6X, GW3D2900
1 *ITERATION’,7X, ’RESIDUAL’ ,6X, ' DEVIATION' ,6X, GW3D2905
2 *NO. NON-CONV. NODES') GW3D2910

10402 FORMAT(//’ TABLE OF RAINFALL/EVAPORATION-SEEPAGE B. C. USED FOR’, GW3D2915
\ 1 13,’-TH CYCLE'//7X,’ 1 NPVB NPCON HCON NPMIN HMIN’ ,GW3D2920

2 NPFLX FLX DCYFLX FROM PREVIOUS CYCLE'’/7X, GW3D2925
3 O L R se-- eeees ----', GW3D2930
4 ' eece- se= | sececcccscmccssericnnroan. ") GW3D2935
10403 FORMAT(1H ,18,16,17,D12.4,17,D12.4,17,D12.4,12X,D12.4) GW3D2940
10500 FORMAT(//’ TABLE OF NON-CONVERGING NODES’) GW3D2945

10600 FORMAT(/(5X,2015)) GW3D2950
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10210 FORMAT(1HO, ‘WARING: NON-CONVERGENCE OCCUR DURING STEADY STATE SOIUGW3D2955
1TION AT’,13,’ -TH CYCLE'/IH ,'IT = *,I3," .GI. MAXIT - ’,I3, GW3D2960

2 ', RES -’,D12.5,’, RD =',D12.4,°, NNCVN =’ 14) GW3D2965
10610 FORMAT(1HO, 'ABSOLUTELY WARNING: STEADY STATE SOLUTION IS NG’/1H , GW3D2970
>*‘ICY = *,I3,° IT = °,I3,” MAXCY = ° 13, MAXIT - °, I3, GW3iD2975
> ', RES =’,D12.4,°, RD =',D12.4,", NNCVN =’ 14) GW3D2980

10710 FORMAT(1HO, ’WARNING: NON-CONVERGENCE OCCUR AT’ ,15,° -TH TIME STEP'GW3D2985
>,13,' -TH CYCLE’/1H ,’IT = *,13,’ .GT. MAXIT = °,13,2D12.4,1I5) GW3D2990
10810 FORMAT(1HO, 'ABSOLUTELY WARNING: TRANSIENT SOLUTION IS NG AT *,I5, GW3D2995
> ' -TH TIME STEP’/lH ,'ICY - * ,I3,’ .T - ’',I3," MAXCY - ',I3, GW3D3000
>’ MAXIT - ’,I3,°, RES =',D12.4,°, RD =',D12.4,°, NNCVN =’ 14)GW3D3005

END GW3D3010
SUBROUTINE DATAIN(TITLE,NPROB, KPR,KDSK,TDTCH, DATA 005

1 PROP,THPROP,AKPROP, X,Y,Z,IE ,H, DCOSB,ISB,NPBB, DATA 010

2 SOSF,TSOSF,ISTYP ,MSEL, WSSF,TWSSF,IWTYP, NPW, DATA 015

3 QCBF,TQCBF,ICTYP,ISC ,NPCB, QNBF,KTQNBF,INTYP,6ISN,KNPNB, DATA 020

4 RF,TRF,IRTYP,ISV ,NPVB, HCON,HMIN, HDBF,THDBF,IDTYP NPDB, DATA 025

5 ISTOP) DATA 030

Cc DATA 035
CAhRAIA Ik | dkd ik kddok D kkddokkdedok 3Rk ki kk k[ hhkkkhidkSkkhkkhhkkkbrhkktkxkxT**DATA 0460
C~ve----- TO READ AND PRINT SYSTEM PARAMETERS, GEOMETRY, BOUNDARY AND  DATA 045
C------- INITIAL CONDITIONS, AND PROPERTIES OF THE MEDIA. DATA 050
Cricdekdedokk ] ok dokhdedd 2 Jokdededriededok 3 dedoddeded doded by hokdekeh dokodok Sk ko hkkhok gk kkkkkkk* 7x*DATA 055
Cc DATA 060
IMPLICIT REAL*8(A-H,0-2) DATA 065
REAL*4 PMAT,THPAR ,AKPAR DATA 070

Cc DATA 075
COMMON /SGEOM/ MAXEL ,MAXNP MAXBES ,MAXBNP L JBAND ,MAXNTI ,MXNDTC DATA 080
COMMON /CGEOM/ NNP NEL ,NBNP,NBES,KGRAV,NTI,NDTCHG DATA 085
COMMON /CINTE/ NCYL, NiTER,KSTR,KPRO,KDSKO,KSS NPITER, IGEOM DATA 090
COMMON /CREAL/ DELT, CHNG, DELMAX, TMAX,DELTO, TOLA,TOLB,W,0ME ,OMI DATA 095

c DATA 100
COMMON /CS/ MXSEL ,MXSPR,MXSDP,NSEL,NSPR,NSDP DATA 105
COMMON /CW/ MXWNP ,MXWPR,MXWDP, NWNP,NWPR,NWDP DATA 110

c DATA 115
COMMON /CCBC/ MXCNP,MXCES ,MXCPR ,MXCDP,NCNP,NCES,NCPR, NCDP DATA 120
COMMON /CNBC/ MXNNP MXNES ,MXNPR ,MXNDP NNNP, NNES NNPR, NNDP DATA 125
COMMON /CVBC/ MXVES,MXVNP ,MXRPR,MXRDP,NVES,NVNP NRPR, NRDP DATA 130
COMMON /CDBC/ MXDNP,MXDPR,MXDDP,NDNP,NDPR,NDDP DATA 135

C DATA 140
COMMON /SMTL/ MAXMAT ,MXSPPM,MXMPPM DATA 145
COMMON /CMTL/ NMAT,NMPPM A NSPPM DATA 150

c DATA 155

DIMENSION TITLE(9) DATA 160
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c
: DIMENSION KPR(MAXNTI),KDSK(MAXNTI), TDTCH(MXNDIC)
c
DIMENSION PROP(MXMPPM,MAXMAT)
DIMENSION THPROP(MXSPPM,MAXMAT),AKPROP(MXSPPM,MAXMAT)
C
DIMENSION X(MAXNP),Y(MAXNP),Z(MAXNP) IE(MAXEL,9), H(MAXNP)
DIMENSION DCOSB(3,MAXBES),ISB(6,MAXBES), NPBB(MAXBNP)
C
DIMENSION MSEL(MXSEL), ISTYP(MXSEL)
DIMENSION SOSF(MXSDP,MXSPR),TSOSF(MXSDP,MXSPR)
DIMENSION NPW(MXWNP), IWTYP(MXWNP)
DIMENSION WSSF(MXWDP,MXWPR) , TWSSF (MXWDP , MXWPR)
c
DIMENSION QCBF(MXCDP ,MXCPR),TQCBF(MXCDP ,MXCPR) , ICTYP (MXCES)
DIMENSION ISC(5,MXCES) ,NPCB(MXCNP)
DIMENSION QNBF(MXNDP,MXNPR), TQNBF(MXNDP ,MXNPR) , INTYP (MXNES)
DIMENSION ISN(S,MXNES) ,NPNB(MXNNP)
DIMENSION RF(MXRDP,MXRPR), TRF(MXRDP,MXRPR), IRTYP(MXVES)
DIMENSION ISV(5,MXVES),NPVB(MXVNP)
DIMENSTION HCON(MXVNP) , HMIN(MXVNP)
DIMENSION HDBF(MXDDP,MXDPR) , THDBF (MXDDP, MXDPR) , IDTYP (MXDNP)
DIMENSION KPDB(MXDNF) -
c
DIMENSION NIMI(4),NIMI(4), TEM(8)
DIMENSION PMAT(3,6),AKPAR(3,8) ,THPAR(3,8)
c
DATA PMAT/4H  S,4HAT K,4HXX ,4H  S,4HAT K,4HYY ,4H S,
> GLHAT K,4HZZ ,4H  S,4HAT K,6HXY ,4H S,4HAT K,4HXZ ,4H
SGHAT K,4HYZ /
c
DATA THPAR/4iH aH TH1,4H AT ,4H TH2,4H LGH
> 4H TH3,4H AT ,6H TH4,4H ,4H ,6H THS,4H ,6H
> 4LH TH6, 4K _4H 4H TH7,4H J4H  ,GH THB,H  /
c
DATA AKPAR/4H JGH KL GH L6H JGH K2,4H ,GH
> 4H  K3,4H ,4H J4H  Ki, GH A JGH K5,4H ,
> 44 JGH K6 ,4H LGH JGH K7,6H L GH J6H  K8,4H
c
ISTOP=0
c
C w#*ixk* DATA SET 2: BASIC INTEGER PARAMETERS
c

READ 10, NNP NEL,NMAT NCM NTI,KSS, NSPPM NMPPM KSTR,
1 KCP,KGRAV ,NITER NCYI. NDTCHG ,NPITEN,NREGN

IF(NDTCHG.

I.LE.0) NDTCHG=-1

PRINT 1000, NNP, NEL,NMAT NCM NTI,KSS,NSPPM,NMPPM, KSTR,
1 KCP,KGRAV NITER,NCYL NDTCHG NPITER, NREGN

s,

/

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
LATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

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
205
310
315
320
325
330
335
350
345
350
355
360
365
370
375
380
i85
390
395
400
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Cc DATA 405
C **ixxkk DATA SET 3: BASIC REAL PARAMETERS DATA 410
Cc DATA 415
READ 20, DELT,CHNG,DELMAX, TMAX,TOLA,TOLB,RHO,GRAV VISC W, DATA 420

1 OME,OMI DATA 425

A DATA 430
DELTO-DELT DATA 435
IF(TMAX.LE.0.0) TMAX-1.0D38 DATA 440

Cc DATA 445
PRINT 1100, DELT,CHNG,DELMAX, TMAX,K TOLA,TOLB,RHO,GRAV,VISC W, DATA 450

1 OME,OMI DATA 455

Cc DATA 460
C *hkkixk DATA SET 4: LINE PRINT CONTROL AND DISK STORE CONTROL DATA 465
Cc DATA 470
READ 30, KPRO, (KPR(ITM),ITM=1,NTI) DATA 475

READ 30, KDSKO, (KDSK(ITM), ITM=1,NTI) DATA 480

READ 20, (TDTCH(I),I-1,NDTCHG) DATA 485

Cc DATA 490
PRINT 1200 DATA 495

PRINT 1210, KPRO,(KPR(ITM),LITM=~1,NTI) DATA 500

PRINT 1300 DATA 505

PRINT 1210, KDSKO, (KDSK(ITH) , ITM=1,NTI) DATA 510

PRINT 1350, (TDTCH(I),I=-1,NDTCHG) DATA 515

C DATA 520
C *&hkkhk DATA SET 5: MATERIAL PROPERTIES DATA 525
Cc DATA 530
PRINT 1400, ((PMAT(I,J),I-1,3),J=1,NMPPM) DATA 535

DO 100 I-1,NMAT DATA 540

READ 20, (PROP(J,I),J-1 NMPPM) DATA 545

100 PRINT 1410, I,(PROP(J,I),J=1,NMPPM) DATA 550

c DATA 555
C *t¥kddx DATA SET 6: SOIL PROPERTIES DATA 560
c DATA 565
c DATA 570
C orremev-- READ AND PRINT PARAMETERS REQUIRE TO COMPUTE DATA 575
C --vev--- MOISTURE CONTENT GIVEN THE PRESSURE HEAD DATA 580
c DATA 585
IF (NSPPM.EQ.0) GO TO 200 DATA 590

PRINT 1500, ((THPAR(I,J),I-1,3),J-1,8) DATA 595

DO 105 I~1,NMAT DATA 600

READ 20, (THPROP(J,I),J=1,6NSPPM) DATA 605
PRINT 1510, I, (THPROP(J,I),J~1 NSPPM) DATA 610

105 CONTINUE DATA 615

c DATA 620
C------- READ AND PRINT PARAMETERS REQUIRED TO COMPUTE REIATIVE DATA 625
C-ocve-- HYDRAULIC CONDUCTIVITY DATA 630
c DATA 635
PRINT 1600, ((AKPAR(I,J),I=1,3),J=1,8) DATA 640

DO 110 I=1,NMAT DATA 645

READ 20, (AKPROP(J,I),J«1 NSPPM) DATA 650
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PRINT 1510, I,(AKPROP(J,I1),J=1,NSPPM)
110 CONTINUE
IF (KCP.EQ.0) GO TO 200

C
C ------- CONVERT FROM SATURATED PERMEABILITY TO SATURATED CONDUCTIVITY
C
PO 190 I-1,NMAT
PKCF=RHO*GRAV/VISC
DO 190 J=1,6
PROP(J,1)=PROP(J,I1)*PKCF
190 CONTINUE
C
C *&kkxiikx DATA SET 7: NODE COORDINATES
C
B e READ NODAL POINT COORDINATES
C
200 NPI=0
210 READ 40, NI NSEQ,NIAD,XI,YI,ZI,XIAD,YIAD,ZIAD
IF(NI.EQ.0) GO TO 240
NJ=NI+NSEQ
DO 220 NP=NI,NJ
I=-NI+NIAD*(NP-NI)
X(I)=XI+XIAD*DFLOAT (NP-NI)
Y(I)=YI+YIAD*DFLOAT(NP-NI)
Z(1)=ZI+ZIAD*DFLOAT(NP-NI)
NPI=-NPI+1
220 CONTINUE
GO TO 210
240 IF(NPI.EQ.NNP) GO T0 250
PRINT 2000
STOP
250 CONTINUE
Cc
C------- FRINT NODAL POINT COORDINATES
C
IF(MOD(ICEOM,2).EQ.0) GO TO 270
LINE=0
DO 265 NP=~1,NNP,3
NJIMN=NP
NJMX-MINO(NP+2 ,NNP)
LINE=LINE+1
IF(MOD(LINE-1,50).EQ.0) PRINT 2100
PRINT 2110, (NJ,X(NJ),Y(NJ),Z/(.J), NJ=NIJMN,NJMX)
265 CONTINUE
270 CONTINUE
Cc
C *%¥kikk DATA SET 8: ELEMENT DATA
Cc
C ecvuvren READ ELEMENT INDICES AND COMPUTE MAXIMUM NODAL DIFFERENCE FOR
C-cvv--- EACH ELEMENT

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
PATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

655
660
665
670
675
680
685
690
695
700
705
710
715
720
725
730
735
740
745
750
755
760
765
770
775
780
785
790
795
800
805
810
815
820
825
830
835
840
845
850
855
860
865
870
875
880
885
890
895
900




300

310

320

330

c
350
360

c

420
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MMP-0
READ 10, MI NSEQ,MIAD, (IEM(I),I-1,8),IEMAD
IF(MI.EQ.0) GO TO 330

MJ=-MI+NSEQ

DO 320 MP=MI,MJ
M=MI+(MP-MI)*MIAD

Do 310 1Q-1,8
NI=-IEM(IQ)+(MP-MI)*1EMAD
1E(M,1Q)~=NI

MMP-MMP+1

CONTINUE

GO TO 300

IF(MMP.EQ.NEL) GO TO 350
PRINT 3000, MMP,NEL
STOP

DO 360 M=1,NEL
IE(M,9)~1

C *%ix¥¥* DATA SET 9: MATERIAL CORRECTIONS
. C :

IF (NCM.LE.Q) GO TO 405
CALL READN(IE(1,9),MAXEL NCM)

ORNL-6386

DATA 905
DATA 910
DATA 915
DATA 920
DATA 925
DATA 930
DATA 935
DATA 940
DATA 945
DATA 950
DATA 955
DATA 960
DATA 965
DATA 970
DATA 975
DATA 980
DATA 985
DATA 990
DATA 995
DATA1000
DATA1005
DATA1010
DATA1015
DATA1020
DATA1025
DATA1030
DATA1035

--- PRINT ELEMENT INCIDENCE AND MATERIAL TYPES FrR EACH ELEMENT  DATA1040

CONTINUE

IF(MOD(IGEOM,2).EQ.0) GO TO 415
LINE~O

DO 410 NI-1,NEL,2

NIMN=-NI

NIMX~MINO(NI+1 ,NEL)

LINE~LINE+1
IF(MOD(LINE-1,50).EQ.0) PRINT 2700
PRINT 3100, (NJ, (IE(NJ,K),K=1,9),NJ=NJMN 6NJMX)
CONTINUE

CONTINUE

-+- CHECK IF MATERIAL TYPE FOR EACH ELEMENT IS CNRRECT

DO 420 M=1,NEL

MTYP=IE(M,9)

IF(MTYP.GT.0 .AND. MTYP.LE.NMAT) GO TO 420
PRINT 4200, M

ISTOP=ISTOP+1

CONTINUE

DATA1045
DATA1050
DATA1055
DATA1060
DATA1065
DATA1070
DATA1075
DATA1080
DATA1085
DATA1090
DATA1095
DATA1100
DATAL105
DATA1110
DATA11135
DATA1120
DATA1125
DATA1130
DATA1135
DATA1140
DATA1145
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c DATA1150
IF(ISTOP.EQ.0) GO TO 430 DATA1155

PRINT 4300, ISTOP DATA1160

STOP DATA1165

c : DATA2170
C -c--n-- IDENTIFY BOUNDARY ELEMENTS AND COMPUTE DIRECTIONAL COSINES  DATA1175
c DATA1180
430 CONTINUE DATA1185
IF(IGEOM.LE.1) CALL SURF(X,Y,Z,1E,DCOSB,ISB, NPBB) DATA1190
REVIND 3 DATA1195
IF(IGEOM.LE.1) WRITE(3) NBES,NBNP, ((DCOSB(J,I),J=1,3),1=1,NBES), DATA1200

1 ((ISB(J,I),J=1,6),I=~1,NBES), (NPBB(I),I~1,6NBNP) DATA1205
IF(IGEOM.CT.1) READ(3) NBES,NBNP,((DCOSB(J,I),J=1,3),I~1,NBES), DATA1210

1 ((ISB(J,I),J=1,6),I=1,NBES), (NPBB(I),I-1,NBNP) ~ DATA1215

c DATA1220
C #iiickx® DATA SET 10: INITIAL CONDYTIONS DATA1225
c DATA1230
c DATA1235
C ------- READ INITIAL OR PRE-INITIAL CONDITIONS VIA CARDS DATA1240
c DATA1245
CALL READR(H,MAXNP ,NNP) DATA1250

c DATA1255
| C #**xx** DATA SET 11: INTEGERS CONTROLLING SOURCES AND B.C. DATA1260
; c DATA1265
READ 10, NSEL,NSPR,NSDP, NWNP,NWPR,NWDP, NCES,NCNP,NCPR,NCDP, DATA1270

1 NNES,NNNP,NNPR,NNDP, NVES,NVNP,NRPR,NRDP, NDNP,NDPR,NDDP DATA1275

c DATA1280
PRINT 5100, NSEL,NSPR,NSDP, NWNP,NWPR,NWDP DATA1285
PRINT 5150, NCES,NCNP,NCPR,NCDP,NNES,NNNP,NNPR,NNDP, DATA1290

1 NVES,NVNP,NRPR,NRDP, NDNP, NDPR,NDDP DATA1295

c DATA1300
C #*kkx+* DATA SET 12: SOURCE DATA DATA1305
c DATA1310
IF(NSEL.EQ.0) GO TO 560 DATA1315

PRINT 5200 DATA1320

DO 510 I-1,NSPR DATA1325

READ 20, (TSOSF(J,I),SOSF(J,1),J=1,NSDP) DATA1330
PRINT 5500, I DATA1335
PRINT 5510, (TSOSF(J,I),SOSF(J,I),J~1,NSDP) DATA1340

510 CONTINUE DATA1345

c DATA1350
C -evvv-- READ SOURCE TYPE ASSIGNED TO EACH ELEMENT DATA1355
Cc DATA1360
READ 10, (MSEL(M),M=1,NSEL) DATA1365

CALL READN(ISTYP,MXSEL,NSEL) DATA1370

c DATA1375
C ormnnn- PRINT ELEMENT SOURCE/SINK PROFILES AND TYPE DATA1380
c . DATA1385

LINE=0O DATA1390
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DO 520 I-1,NSEL,S DATA1395
LINE=LINE+1 DATA1400
IF(MOD(LINE-1,50) _EQ.0) PRINT 5600 DATA1405
NJMN-1 DATA1410
NJMX-MINO(I+4 NSEL) DATAl415
PRINT 5650, (J,MSEL(J),ISTYP(J),J=-NJMN, K NJMX) DATA1420

520 CONTINUE DATA1425
C DATA1430
| C --cunun-- READ AND WRITE WELL SOURCE/SINK PROFILES DATA143°

4 [ DATA1440

i 560 IF(NWNP_EQ.0) GO TO 600 DATA1445
PRINT 5700 DATA1450
DO 570 I-1,NWPR DATA1455
READ 20, (TWSSF(J,I),WSSF(J,I),J=1,NWDP) DATA1460
PRINT 5710, I DATA1465
PRINI 5510, (TWSSF(J,I),WSSF(J.I),J=1,6NWDP) DATA1470

570 CONTINUE DATAL475

v DATA1480
C --vonun- READ WELL SOURCE/SINK NODES AND TYPE OF PROFILES ASSIGNED TO DATA1485
C------- EACH OF NWNP NODES. DATA1490
c DATA1495
READ 10, (NPW(I),I=1,NWNP) DATA1500

CALL READN(IWTYP,MXWNP,NWNP) DATA1505

c DATA1510
C --v-n--- PRINT GLOBAL WELL NODE NUMBERS AND PROFILE TYPE OF WELL NODE DATA1515
c DATA1520
LINE=0 DATA1525

DO 590 I=1,NWNP,5 DATA1530
LINE=LINE+1 DATA1535
1F(MOD(LINE-1,50).EQ.0) PRINT 5800 DATA1540
NJMN=I DATA1545
NJMX=MINO(I+4,NWNP) DATA1550

PRINT 5850, (J,NPW(J),IWTYP(J),J=NJMN, K NJMX) DATA1555

590 CONTINUE DATA1560

c DATA1565
C *xki%k* DATA SET 13: RAINFALL/EVAPORATION-SEEPAGE BOUNDARY CONDITIONS DATA1570
c DATA1575
600 IF(NVES.EQ.0) GO TO 700 DATA1580

c DATA1585
PRINT 6000 DATA1590

c DATA1595
C rove-r- READ AND WRITE RAINFALL (+)/EVAPORATION (-) PROFILES DATA1600
c DATA1605
PRINT 6100 DATA1610

DO 610 I=1,NRPR DATA1615

READ 20, (TRF(J,.I),RF(J,1),J=1,NRDP> DATA1620

PRINT 6150, 1 DATA1625

PRINT 5510, (TRF(J,I),RF(J,I),J=1,NRDP) DATA1630

610 CONTINUE DATAL635
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C
C ------- READ RAINFALL/EVAPORATION TYPE ASSIGNED TO EACH RS SIDE
Cc
CALL READM(IRTYP MXVES,NVES)
Cc
C------- READ FOUR GLOBAL NODE NUMBER FOR EACH OF ALL VARIABLE
C ------- BOUNDARY ELEMENT SIDES.
C

MPI-0
620 READ 10, MI,NSEQ,MIAD,I1,12,13,14,11AD,I2AD,I3AD,T4AD
IF(MI.EQ.0) GO TO 630
MJ-MI+NSEQ
DO 625 MP=MI,MJ
I=MI4+(MP-MI)*MIAD
ISV(1,I)=I1+(MP-MI)*I1AD
ISV(2,1)=12+(MP-MI)*I2AD
ISV(3,1)=I3+(MP-MI)*13AD
ISV(4,1)=14+(MP-MI)*I4AD

MPI-MPI+1
625 CONTINUE
GO TO 620
630 IF(MPI.EQ.NVES) GO TO 635
PRINT 6300
STOP
C
C------- PRINT INPUTTED GLOBAL NODAL NUMBER AND RAINFALL TYPES OF ALL
C ------- VARIABLE BOUNDARY ELEMENT SIDES.
C
635 LINE=O
DO 640 MP=-1,NVES,3
LINE=LINE+]
IF(MOD(LINE-1,50).EQ.N) PRINT 6400
NIMN=MP
NIMX=MINO(MP+2 ,NVES)
PRINT 6450, (J,(ISV(1,J),1~1,4),IRTYP(J),J=NJMN,KNIMX)
640 CONTINUE
c
C -evvv-- READ GLOBAL NODAL NUMBER FOR EACH OF ALL VARIABLE NODES.
c
CALL READN(NPVB ,MXVNP, NVNP)
c
C------- READ PONDING DEPTH AND MINIMUM HEAD FOR EACH OF ALL RS NODES
c
CALL READR(HCON ,MXVNP NVNP)
CALL READR(HMIN MXVNP, K NVNP)
c
C cevene-e PRINT GLOBAL NODAL NUMBER, PONDING DEPTH AND MINIMUM PRESURE
C -cvvv--- RESSURE HEAD FOR ALL VARIABLE BOUNDARY NODES
c

LINE=O

DATA1640
DATA1645
DATAL650
DATA1655
DATA1660
DATA1665
DATA1670
DATA1675
DATA1680
DATA1685
DATA1690
DATA1695
DATA1700
DATA1705
DATA1710
DATA1715
DATA1720
DATA1725
DATA1730
DATA1735
DATA1740
DATA1745
DATA1750
DATA1755
DATA1760
DATA1765
DATA1770
DATA1775
DATA1780
DATA1785
DATA1790
DATA1795
DATA1300
DATA1805
DATA1810
DATA1815
DATA1820
DATA1825
DATA1830
DATA1835
DATA1840
DATA1843
DATA1850
DATA1855
DATA1860
DATA1865
DATA1870
DATAL875
DATA1880
DATAL28S
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DO 645 I=1,NVNP,3 DATA1890
LINE=LINE+1 DATA1895
IF(MOD(LINE-1,50) .EQ.0) PRINT 6500 DATA1900

- NJMN=I DATA1905
NJMX=MINO(I+2,NVNP) DATA1910
PRINT 6550, (J,NPVB(J) ,HCON(J) ,HMIN(J),J=NJMN,NIMX) DATA1915

645 CONTINUE DATA1920

c DATA1925

C --em-m-- COMPUTE BOUNDARY SIDE NUMBER FOR EACH OF ALL VARIABLE " DATA1930

C --c-me- BOUNDARY SIDES. - DATA1935

c DATA1940
DO 659 MI-1,NVES DATA1945
DO 651 1Q-1,4 DATA1950

651 NIMI(IQ)=-ISV(IQ,MI) DATA1955

c DATA1960
DO 657 MJ=1,NBES DATA1965
DO 652 JQ-1,4 DATA1970
1J=-ISB(JQ,MJ) DATA1975

652 NJMJ(JQ)=NPBB(1J) DATA1980
1EQ~0 DATA1985
DO 656 IQ-1,4 DATA1990
NI-NIMI(IQ) DATA1995
DO 653 JQ=1,4 DATA2000
NJ=NJMJ (JQ) DATA2005
IF(NJ .EQ.NI) GO TO 655 DATA2010
653 CONTINUE DATA2015
GO TO 657 DATA2020
655 IEQ=IEQ+1 DATA2025
656 CONTINUE DATA2030
IF(IEQ.EQ.4) GO TO 658 DATA2035
657 CONTINUE DATA2040

c DATA2045
PRINT 6570, MI DATA2050
STOP DATA2055

658 ISV(5,MI)=MJ DATA2060

c DATA2065

659 CONTINUE DATA2070

c DATA2075

C -evonne CHANGE NPVB FROM CONTAINING GLOBAL NODAL NUMBER TO DATA2080

C ocevne- CONTAINING BOUNDARY NODAL NUMBER. DATA2085

c DATA2090
DO 669 NP=1,NVNP DATA2095
NI=NPVB(NP) DATA2100

c DATA2105
DO 665 I=1,NBNP DATA2110
NJ=NPBB(I) DATA211S
IF(NJ.NE.NI) GO TO 665 DATA2120
NIIel DATA2125
GO TO 667 DATA2130

665 CONTINUE DATA2135
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PRINT 6670, NP
STOP ,
. 667 NPVB(NP)=NII

669 CONTINUE

ceeeeeeen PRINT COMPUTED BOUNDARY NODAL NUMBER FOR ALL VB NODES

LINE~O
PO 670 I-1,NVNP,10
. - LINE=LINE+1
- IF(MOD(LINE-1,50).EQ.0) PRINT 6700
- NIMR=-1
NIMX=-MINO(I+9,NVNP)
. .- PRINT 6750, (J,NPVB(J),J=-NJMN, éNJMX)
== 670 CONTINUE

P CHANGE ISV(I,MP) I-1,4 FROM CONTAINING GLOBAL NODAL
------- NUMBER TO CONTAINING BOUNDARY NODAL NUMBER.

DO 690 MP=]1 NVES
MPB=ISV(5,MP)
DO 685 IQ=1,4
NB=-ISB(IQ,MPB)
DO 675 1=1,NVNP
NI=NPVB(I)
IF(NI.NE.NB) GO TO 675
" &
- GO TO 680
675 CONTINUE
FRINT 6751, IQ,MP
STOP
680 1SV(IQ,MP)=NII
- 685 CONTINUE
690 CONTINUE

C corvc-- PRINT COMPUTED BOUNDARY NODAL NUMBER & SIDE NUMBER AND
C ------- RAINFALL TYPES FOR ALL VB SIDES
c

LINE=0

- DO 695 MP=-1,NVES,3

LINE=LINE+1

IP(MOD(LINE-1,50).EQ.0) PRINT 6900

NJMN-MP

NIMX=MINO (MP+2 ,NVES)

PRINT 6950, (J,(ISV(I,J),I=1,5),IRTYP(J),J=NIMN NIMX) .

695 CONTINUE

DATA2140
DATA2145
DATA2150
DATA2155
DATA2160
DATA2165
DATA2170
DATA2175
DATA2180
DATA2185
DATA2190
DATA2195 -
DATA2200
DATA2205
DATA2210
DATA2215
DATA2220
DATA2225
DATA2230
DATA2235
DATA2240
DATA2245
DATA2250
DATA2255
DATA2260
DATA2265
DATA2270
DATA2275
DAT2.2280
DATA2285
DATA2290
DATA2295
DATA2300
DATA2305
DATA2310
DATA2315
DATA2320
DATA2325
DATA2330
DATA23135
DATA2340
DATA2345
DATA2350
DATA2355
DATA2360
DATA2365
DATA2370
DATA2375




OONA0

285 ORNL-6386

*krithkkk DATA SET 14: DIRICHLET BOGNDARY CONDITIONS

100

--~ READ AND PRINT TOTAL DIRICHLET HEAD PROFILES

IF(NDNP.£Q.6) GO TO 807

PRINT 7000 '

DO 710 I=1,NDPR

READ 20, (THDBF(J,I),HDBF(J,I),J~-1,NDDP)

. PRINT 7100, I

765

767

769

PRINT 5510, (THDBF(J,1),HDBF(J,I),J=1,NDDP)
CONTINUE

--- READ GLORAL NODAL NUMBER OF ALL DIRICHLET NODES AND
--- THE TYPE OF TOTAL HEAD ASSIGNED TO EACH OF THENM.

READ 10, (NPDB(I),I-1,NDNP)
CALL READN(IDTYP,MXDNP,NDNP)

----- PRINT GLOBAL NODAL NUMBER AND PROFILE OF DIRICHLET NODES

LINE=0

DO 720 I=1,NDNP,5

LINE~LINE+1

IF(MOD(LINE-1,50) .EQ.0) PRINT 7200

NIMN=I

NIMX=MINO{I+4,NDNP)

PRINT 7250, (J,NPDB(J),IDTYP(J),J=NJMN,NIMX)
CONTINUE

--- CHANGE NPDB FROM CONTAINING GLOBAL NODAL NUMBER TO
--- CONTAINING BOUNDARY NODAL NUMBER.

DO 769 NP=-1,NDNP
NI=NPDB(NP)

DO 765 I=-1,NBNP
NJ=NPBB(I)

IF(NJ .NE.NI) GO TO 765
NI1l-1

GO TO 767

CONTINUE

PRINT 7670, NP
STOP
NPDB (NP)=NI1I

CONTINUE

DATA2380
DATA2385
DATA2390
DATA2395
DAYA2400
DATA2405
DATA25410
DATA2415
DATA2420
DATA2425
DATA2430
DATA2435 .
DATA2440

'DATA26445

DATA2450
DATA2455
DATA2460
DATA2465
DATA2470
DATA2475
DATA2480
DATA2485
DATA2490
DATA2495
DATA2500
DATA2505
DATA2510
DATA2515
DATA2520
DATA2525
DATA2530
DATA2535
DATA2540
DATA2545
DATA2550
DATA2555
DATA2560
DATA2565
DATA2570
DATA2575
DATA2580
DATA2585
DATA2590
DATA2595
DATA2600
DATA2605
DATA2610
DATA2615
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[ DATA2620
[ T PRINT COMPUTED BOUNDARY NODAL NUMBER AND TYPE OF PROFILES DATA2625
C ----eeenn FOR DIRICHLET BOUNDARY NODES DATA2630
c DATA2635
LINE=O DATA2640
DO 770 I-1,NDNP.5 DATA2645
LINE-LINE+1 DATA2650
IF(MOD(LINE-1,50) .EQ.0) PRINT 7700 DATA2655
NIMN=-1 DATA2660
KIMX-MINO(I+4,NDNP) DATA2665
PRINT 7750, (J,NPDB(J),IDTYP(.J),J=-NJMN,NIMX) DATA2670
770 CONTINUE DATA2675
c DATA2680
C *kaairk DATA SET 15: CAUCHY FOUNDARY CONDITIONS DATA2685
C DATA2690
C -e-o--- READ AND PRINT CAUCHY FLUX PROFILES DATA2695
c DATA2700
800 IF(NCES.EQ.0) GO TO 900 DATA2705
PRINT 8000 DATA2710
DO 810 I-1,NCPR DATA2715
READ 20, (TQCBF(J 1),QCBF(J,I),J=1,NCDP} DATA2720
PRINT 8100, I DATA2725
PRINT 5510, (TQCBF(J,I).QCBF(J,I),J=1,NCDP) DATA2730
1 810 :NNTINUE DATA2735
? c DATA2740
| C --evv-- READ CAUCKY FLUX TYPE ASSIGNED TO EACH CAUCHY SIDE DATA2745
! c DATA2750
CALL READN(ICTYP,MXCES,NCES) DATA2755
c DATA2760
L READ FOUR GLOBAL NODE NUMBER FOR EACH OF ALL CAUCHY SI1DES DATA2765
c DATA2770
MPI=0 DATA2775
820 READ 10, MI,NSEQ,MIAD,I1,12,13,14%,11AD,I2AD,I3AD,I14AD DATA2780
IF(M..EQ.0) GO TO 830 DATA2785
MI=MI+NSEQ DATA2790
DO 825 MP=MI MJ DATA2795
1=MI+(MP-MI)*MIAD DATA2800
18C(1,1)=11+(MP-MI)*I1AD , DATA2805
18C(2,1)=12+(MP-MI)*I2AD : DATA2810
ISC(3,1)=13+(MP-MI)*I3AD DATA2815
! 18C(4,1)=14+(MP-MI)*I4AD DATA2820
1 MPI=MPI+1 DATA2825
825 CONTINUE DATA2830
GO0 TO 820 DATA2835
830 IF(MPI.EQ.NCES) GO TO 835 DATA2840
‘ PRINT 8300 DATA2845

STOP . DATA2850



http://NSEQ.MIAD.il

287 ORNL-6386

c DATA2855
(oS PRINT INPUTTED GLOBAL NODAL NUMBER AND CAUCHY FLUX TYPES DATA2860
[ J FOR ALL CAUCHY BOUNDARY ELEMENT SIDES. DATA2865
c DATA2870

" 835 LINE=0 : DATA2875
DO 840 MP-1,NCES,3 DATA2880
LINE=-LINE+1 DATA2885
IF(MOD(LINE-1,50) _EQ.0) PRINT 8400 DATA2890
NIMN-MP DATA2895
NIMK=-MINO(MP+2 ,KCES) DATA2900
PRINT 8450, (J,(ISC(I,J),I-1,4),ICTYP(J),J=NIJMN, NIMX) DATA2205

840 CONTINUE DATA2910
c DATA2915

: G ------- READ GLOBAL NODAL NUMBER FOR EACH OF AL CAUCHY NODES. DATA2920

c DATA2925

READ 10, (NPCB(I),I-1,NCNP) DATA2930

C. DATA2935

C cecene- PRINT GLOBAL NODAL NUMBER FOR ALL CAUCHY NODES DATA2940

c ' DATA2945

LINE=0 DATA2950

DO 845 I-1,NCNP,10 DATA2955

LINE=LINE+1 DATA2960

IF(MOD(LINE-1,50) .EQ.0) PRINT 8500 DATA2965

NJMN=I DATA2970

NJIMX=MINO (I+9,NCNP) DATA2975

PRINT 8550, (J,NPCB(J),J~HJMN,NJMX) DATA2980

845 CONTINUE DATA2985

c DATA2990

C vrcvnwu- COMPUTE BOUNDARY SIDE NUMBER FOR ALL CAUSHY SIDES DATA2995

C DATA3000

DO 859 MI=~1,NCES DATA3005

DO 851 IQ=1,4 DATA3010

851 NIMI(IQ)=~ISC(IQ,MI) DATA3015

C DATA3020

PO 857 MJ=-1,NBES DATA3025

: DO 852 JQ~1,4 DATA3030

; 1J=1SB(JQ,MJ) DATA303)

852 NJMJ(JQ)=NPBB(1J) DATA3040

1EQ=0 DATA045

DO 856 1Q=1,4 DATA3050

NI=-NIMI(IQ) ) DATA3055

DO 853 JQ=1,4 DATA3060

NJ=NJMJ (JQ) DATA3065

IF(NJ.EQ.NI) GO TO 855 DATA3070

853 CONTINUE DATA3075

_ GO TO 857 DATA3080

855 IEQ=IEQ+l DATA3085

856 CONTINUE DATA3090

IF(1IEQ.EQ.4) GO TO 858 DATA3095

857 CONTINUE DATA3100
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. C DATA3105
PRINT 8570, MI DATA3110

STOP DATA3115

858 ISCT(5.MI)=J DATA3120

c DATA3125

859 CONTINUE DATA3130

c DATA3135

C ------- CHANGE NPCB FROM CONTAIRING GLOBAL NODAL NUMBER TO DATA3140

C ------- CONTAINING BOUNDARY NODAL NUMBER. DATA3145

[ DATA3150
: DO 869 NP=1,KNCNP DATA3155
NI-NPCB(RP) DATA3160
c DATA3165

DO 865 1=-1,NBNP DATA3170

NJ=NPBB(I) DATA3175

IF(NJ.NE.NI) GO TO 865 : DATA3180

NII-I ‘ DATA3185

o : GO TO 867 DATA3190
| 865 CONTINUE DATA3195
c DATA3200

PRINT 8670, NP DATA3205

STOP DATA3210

867 NPCB(NP)=NII DATA3215

c DATA3220

869 CONTINUE DATA3225

(o DATA3230

| . C ---vvmn-- PRINT COMPUTED BOUNDARY NODAL NUMBER FOR ALL CAUCHY NODES DATA3235
c DATA3240

LINE=0 DATA3245

DO 870 I=-1,NCNP,10 DATA3250

LINE=-LINE+1 DATA3255
IF{MOD(LINE-1,50) .EQ.0) PRINT 8700 DATA3260

. NJMN=I DATA3265
NIMX=-MINO(I+9,NCNP) DATA3270

PRINT 8750, (J,NPCB(J),J=NJMN, K NIMX) DATA3275

870 CONTINUE DATA3280

c DATA3285

C #&kxiik DATA SET 16: NEUMANN BOUNDARY CONDITIONS DATA323D

c DATA3295

C ---e--- READ AND PRINT NEUMANN FLUX PROFILES DATA3300

C DATA3305

900 IF(NNES.EQ.0) GO TO 999 DATA3310

PRINT 9000 DATA3315

DO 910 I-1,NNPR DATA3320

READ 20, (TQNBF(J,I),QNBF(J,1),J=1,NNDP) DATA3325

PRINT 9100, I DATA3330

PRINT 5510, (TQNBF(J,I),QNBF(.,I),J=1,6NNDP) DATA3335

910 CONTINUE DATA3340
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------- READ NEUMANN FLUX TYPE ASSIGNED TO EACH NEUMANN SIDE
CALL READN(INTYP MXNES,NNES)
------- READ FOUR GLOBAL NODE NUMBER FOR EACH OF ALL NEUMANN SIDES

MPI-0

920 READ 10, MI,NSEQ,MIAD,11,12,13,14,11AD,I12AD,I3AD,I4AD

. IF(MI.EQ.0) GO TO 930

MJ=-MI+NSEQ
DO 925 MP-NI . MJ
I=-MI+(MP-NI)*MIAD
ISN(1,1I)=11+(MP-MI)*I1AD
ISN(2,1)=12+(MP-NI)*I2AD
ISN(3,1)=13+(MP-MI)*13AD
ISN(4,1)~14+(MP-MI)*14AD
MPI-MPI+1

" 925 CONTINUE

(AN R} Qaaa

GO TO 920

930 IF(MPI.EQ.NNES) GO TO 935
PRINT 9300
STOP

------- PRINT INPUTTED GLOBAL NODAL NUMBER AND NEUMANN FLUX TYPES
------- FOR ALL NEUMANN BOUNDARY ELEMENT SIDES.

935 LINE=O

DO 940 MP-1,NNES,3

LINE-LINE+1

IF(MOD(LINE-1,50) EQ.0) PRINT 9400

NJMN=-MP

NIMX=-MINO(MP+2,NNES)

PRINT 9450, (J,(1ISN(I,J),I=~1,4),INTYP(J),J=NJMN,NJMX)
940 CONTINUE

------- " EAD GLOBAL NODAL NUMBER FOR EACH OF ALL NEUMANN NODES.
READ 10, (NPNB(I),I~-1,NNNP)
-----.~ PRINT GLOBAL NODAL NUMBER FOR ALL NSUMANN NODES

LINE=0

DO 945 I-1, NNNP,610

LINE=LINE+]

IP(MOD(LINE-1,50) .EQ.0) PRINT 9300

NJMN=-I

NIMX=MINO(I+9, NNNP)

PRIKT 9550, (J,NPN3(J),J=NJIMN,K NJIMX)
945 CONTINUE

DATA3345
DATA3350
DATA3355
DATA3360
DATA3365
DATA3370
DATA3375
DATA3380
DATA3385
DATA3390
DATA3395
DATA35400
DATA3405
DATA3510
DATA3415
DATA3420
DATA3425
DATA3430
DATA3435
DATA3440
DATA3445
DATA3450
DATA3455
DATA3460
DATA3465
DATA3470
DATA3475
DATA3480
DATA3485
DATA3490
DATA3495
DATA3500
DATA3505
DATA3510
DATA3515
DATA3520
DATA3525
DATA3530
DATA3535
DATA3540
DATA3545
DATA3550
DATA3555
DATA3560
DATA3565
DATA3570
DATA3575
DATA3580
DATA3585
DATA3590
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c DATA3595
[ S COMPUTE BOUNDARY SIDE NUMBER FOR EACH OF NEUMANN DATA3600
[ BOUNDARY SIDES. DATA3605
c DATA3610

" DO 959 MI-1,NNES DATA3615
PO 951 IQ-1,4 DATA3620
951 NIMI(IQ)-ISN(IQ, MI) DATA3625
c DATA3630
" DO 957 MJ=1,NBES : DATA3635
D0 952 JQ-1,4 DATA3640
1J=-ISB(JQ.MJ) DATA3645
952 RIMJ(JQ)=NPBB(1J) DATA3650
1EQ=0 DATA3655

DO 956 IQ-1,4 DATA3660
NI-NIMI(IQ) DATA3665

DO 953 JQ=1,4 DATA3670
NJ=NIMJ (JQ) DATA3675
1IF(RJ.EQ.NRI) GO TO 955 DATA3680

953 CONTINUE : DATA3685
GO TO 957 DATA3690

955 IEQ=-IEQ+1 ' DATA3695
956 CONTINUE DATA3700
IF(IEQ.EQ.4) GO TO 958 DATA3705

957 CONTINUE DATA3710

- c DATA3715

i PRINT 9570, MI DATA3720

- STOP , DATA3725

| 958 ISN(S MI)=MJ DATA3730
C DATA3735

959 CONTINUE DATA3740
C DATA3745
C --ecuwu- CHANGE NPNB FROM CONTAINING GLOBAL NODAL NUMBER TO DATA3750 -
C-vemv-e- CONTAINING BOUNDARY NODAL NUMBER. DATA3755
C DATA3760
DO 969 NP=1,NNNP DATA376S
NI=-NPNB(NP) DATA3770

C DATA3775
DO 965 I=-1,NBNP DATA3780
NJ=ixPBB(1) DATA3785
IF:NJ.NE.NI) GO TO 965 DATA3790

NIl=I DATA3795

GO TO 967 DATA3800

965 CONTINUE DATA3805
C DATA3810
PRINT 9670, NP DATA3815

STOP DATA3820

967 NPNB(NP)=NII DATA3825
c DATA3830

969 CONTINUE DATA3835
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c DATA3840
C —emmeeee- PRINT COMPUTED FOUNDARY NODAL NUMBER FOR ALL NEUMANN NODES DATA3845
c DATA850
LINE=0 DATA3855
DO 970 I-1,NNNP,10 DATA3860
LINE-LINE+1l DATA3865
IF(MOD(LINE-1,50) .EQ 0) PRINT 9700 DATA3870
RIMR-I DATA875
RIMX-MINO(I+9,NNNP) DATA3880
PRINT 9750, (J,NPNB:J),J=NIMN,KNIMX) DATA3885
970 CONTINUE DATA3890
c DATA3B95
999 CONTINUE DATA3900
c DATA3905
_ RETURN DATA3910
c _ DATA3915
10 FORMAT(1615) DATA3920
20 FORMAT(8D10.3) DATA3925
30 FORMAT(80I1) DATA3930
40 FORMAT(315,5X,6010.3) DATA3935
'+ DATA3940
1000 FORMAT (40HO *%¥%% BAISC INTEGER PARAMETERS #iik//5X, DATA3945
1 40H NUMBER O NODAL POINTS. . . . . ., I5/ 5X, DATA3950
2 40H NUMBER CF ELEMENTS. . . . . . .,I8/ 5%, DATA3955
3 40H NUMBER OF DIFFERENT MATERIALS . ., 15/ 5%, DATA3960
4 40H NUMBER OF CORRECTION MATERIALS. . ., 15/ 5%, DATA3965
5 40H NUMBER. OF TIME INCREMENTS . ., 15//5X%, DATA3970
6 40H STEADY-STATE 1.C. CONTROL . . . .,158/ SX, DATA:375
8 40H NUMBER OF SOIL PARAMETERS . . .. 15/ 5X, DATA3930
9 40H NUMBER OF MATERIAL PROPERTIES . . .,15//5X, DATA3985
A 4O0H AUXILIATY STORAGE CONTROL . . . . . . ., IS/ SX, DATA3990
B 40H CONDUCTIVITY-PERMEABILITY CONTROL . ., 15/ SX, DATA3995
, C 40H GRAVITY CONTROL . . . . .,15/ 5X, DATA4000
' E 40H NO. OF ITERATIONS PER CYCLE . . ., I8/ 5X, DATA4005
F 40H NO. OF CYCLES PER TIME STEP . . ., 15/ 5X, DATA4010
G 40H NO. OF TIMES TO RESET TIME STEP SIZE .,15/ 5X, DATA4015
H 40H NO. OF BLOCKWISE ITERATIONS ALLOWED . ,15/ SX, DATAL020
1 40H NO. OF SUBREGIONS .. . ,15/) DATA4025
11CO FORMAT(SX,40H TIME INCREMENT. . . . .. .,E15 6/ 5X, DATA4030
| 1 40H MULTIPLIER FOR INCREASING DELT. . .,E15.6/ SX, DATA4035
; 2 40H MAXIMUM VALUE OF DELY . . . .,E15.6/ SX, DATA4040
| 3 40H MAXIMUM VALUE OF TIME . ., E15.6//5%, DATA4045
S 40H STEADY-STATE TOLERANCE. . . . .,E15.6/ 5X, DATA4050
6 40H TRANSIENT-STATE TOLERANCE . . ., E15.6//5%, DATA4055
7 40H DENSITY OF WATER. . . . . .,E15.6/ SX, DATA4060
8 40H ACCELERATION OF GRAVITY . ., E15.6/ SX, DATA4065
9 40H VISCOSITY OF WATER. . . .,E15.6//5X, DATA407C
A GOH TIME-INTEGRATIOM PARAMETER. . . . . . .,E15.56/ 5¥, DATA4075
B 40H ITERATION PARAMETER FOR NONLINEAR !-.Q E15.6/ S¥, DATA4080
C 4OH RELAXATION PARAMrTER FOR POINTWISE SOL.,F15.6//) DATA4085
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1200 FORMAT(//6X,14HOUTPUT CONTROL) DATA4090
1210 FORMAT(10X,5012) DATA4095
1300 FORMAT(//6X,19HDISK OUTPUT CONTROL) DATA4100
1350 FORMAT(1HO,6X,’TIME OF CHANGING DELT’/(10X,8D12.4)) DATA4105
1400 FORMAT(36H1 %k MATERIAL PROPERTIES *#**% // 9H MAT. NO., 9( DATA4110
> 3A4)) DATA4115
1410 FORMAT(I8,9D12.4) DATA5120
1500 FORMAT (44H1INPUT TABLE 3. MOISTURE-CONTENT PARAMETERS// DATA4125
> 9H MAT. NO.,.8(3A4%)) DATA4130
'1:510 FORMAT(18,9D12.4/(8X,9D12.54)) DATA4135
1600 FORMAT (40H1 %k CONDUCTIVITY PARAMETERS **** // 9H MAT. NO., DATA4140
> 8(3A4)) DATA4145
2000 FORMAT(1HO/S5X,’*%%* ERROR IN READING COORDINATE STOP #*#%’/) DATA4150
2100 FORMAT(38H1 %kt NODAL COORDINATE DATA #+&k //1X, DATA4155
" > 3(1X,5H NODE,11H X ,11H Y ., 11H pA ,1X) /1X ,DATA4160

_ > 3(11 SH dkkk JIH dhkbkkihk - ~kthikkk  Thkkhkhkix | 1X)) DATA4165
2110 FORMAT(1H 3(1)( 15,3D11.3 Dt)) DATA4170

2700 FORMAT(62H1 ik ELEMENT DATA: GLOBAL INDICES OF ELEMENT NODESDATA4175

1 *%+% //2(5K,5H ELM,5H NOD1,5H NOD2,S5H NOD3,5H NOD4,SH NODS, DATA5180
2 5H NOD6,SH NOD7,SH NOD8,5H MTYP)/2(SX,5H ---,SH ----,5H ----, DATA4185
3 54 ----,54 ----,5H ----,5H ----,5H ----,5H ----,5H ----)) DATA4190
3000 FORMAT(////°'ERROR IN READING IE, MMP =’ ,I5,’ NEL =°,I5,’ STOP') DATA4195
3100 FORMAT(2(5X,1015)) DATA4200
4200 FORMAT(////40H ERROR IN MATERIAL TYPE CODE FOR ELEMENT,I5///) DATA4205

4300 FORMAT(////28H EXECUTION HALTED BECAUSE OF,IS,13H FATAL ERRORS///)DATA4210

5100 FORMAT(’1l *4kk TRANSIENT INTEGERS #%** *// 5K, DATA4215
1 * NO. OF SOURCE ELEMENTS . . . . . . . . ', 15/ 5X, DATA4220
2 ’* NO. OF SOURCE PROFILES . . . . . ., . . ', 15/ 5X, DATA4225
3 ’ NO. OF DATA POINTS FOR EACH SOURCE PROF’, IS/ SX, DATA4230
4 ' NO. OF WELL SOURCES/SINKS NODES . . *,15/ 5K, DATAL235
5 * NO. OF WELL SOURCE PROFILES . . . . . . *,I5/ 5K, DATA4240
6 ’ NO. OF DATA POINTS IN EACH WELL PROF. .’,I5/) DATAL245

5150 FORMAT(1H /5X, DATA4250
1 40H NO. OF CAUCHY SIDES . . . . . . . . . .15/ 5X, DATA4255
2 4LOH NO. OF CAUCHY NODES . . .o .15/ 5X, DATA4260
3 40H NO. OF CAULIHY ©.UX PROFILES ...... .15/ 5X, DATA4265
4 40H NO. OF DATA POINTS IN EACH CAUCHY PROF.,I5/ 5X, DATA4270
5 40H NO. OF NEUMANN SIDES . . . . . . . . . ,I5/ 5X, DATAL275
6 40H NO. OF NEUMANN NODES . . . . . . .15/ 5X, DATA4280
7 40H NO. OF NEUMANN FLUXES . . . . . . . . . 15/ 5X, DATAL285
8 40H NO. OF DATA POINiS IN NEUMANN PROF. . ., I5/ 5X, DATA4290
9 40H NO. OF VARIABLE BOUNDARY SIDES. .15/ 5%, DATA4295
A 40H NO. OF VARIABLE BOUNDARY NODES. . . . . 15/ 5X, DATA4300
B 40H NO. OF RAINFALL PROFILES . 15/ 5X, DATA4305
C 40H NO. OF DATA POINTS IN RAINFALL PR")F 15/ 5X, DATA4310
D 40H NO. OF DIRICHLET NODES . . . . 15/ 5X, DATA4315
E 40H NO. OF DIRICHLET TOTAL HEAD PROF . . .15/ 5K, DATA4320
F 40H NO. OF DATA POINTS IM DIRICHLET PROF. .,15/) DATA4325

5300 FORMAT(1H1/SX,27H *%* SOURCE INFORMATION #¥*)

DATA4330
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5500 FORMAT(1HO/5X,12H PROFILE NO.,12,/ 5(4X,4HTIME, 6X, 6HSOURCE 2X)/ DATA4335

> S(4X,4H---- ,6X,6H---~-- ,2X)) . V DATA4340
5510 FORMAT(1H ,5(2D11.3)) DATA4345
5600 FORMAT(1HO//10X,65H ELEMENT NUMBER AND PROFILE TYPES CF ELEMENT  DATA4350
1 //5K,5(5H  1,SH MSEL,S5H STYP,5X)) DATA4355

5650 FORMAT(1H ,4X,5(315,5X)) DATA4360
5700 FORMAT(1HO///5X,37H #%* WELL SOURCE/SINK INFORMATION *+t) DATA4365
5710 FORMAT(1HO/5X,12K PROFILE NO.,I12/ 4(4X,4HTIME,GX,6HSOURCE,2X)/  DATA4370
1 &4(4X,46H----,6X,6H ----- ,2X)) DATA4375
5800 FORMAT(1HO//10X,65H GLOBAL NODAL NUMBER AND PROFILE TYPE OF WELLS DATA4380
~_10UCE/SINK NODES  //5X,5(5H  1I,5H RPW,S5H WIYP,5X)) DATA4385
5850 FORMAT(IH ,4X,5(315,5X)) DATA4390
- 6000 FORMAT(1H1/5X,46H *+i%* RAINFALL-SEEPAGE BOUNDARY CONDITIONS #*t) DATA4395
© 6100 FORMAT(1HO///10X,25H --- RAINFALL PROFILE ---) DATA4400
. 6150 FORMAT(1HO/5X,12H PROFILE NO.,12,//5(4X,4HTIME,6X,6H RAINS,2X)/ DATA4405
> S(4X,4H---- , 5K, 6H------ ,2X)) DATA4410
6300 FORMAT(1HO,10X,61H *+* ERROR IN READING RAINFALL-SEEPAGE ELEMENT DATA4415
1SIDE STOP #*+%) DATA%520
6400 FORMAT(1HO/10X,36H --- INPUTTED VARIABLE SIDE DATA ---//5X, DATA4425

- 23(5H MP,SH GN1,5H GN2,5H GN3,5H CN4,5H RTYP,5X)/5X, DATA%430
33(30H -- --- - cem coe —ee- ,5%)) DATA%4435

6450 FORMAT(1H ,4X,3(6I5,5KX)) DATAG440
6500 FORMAT(1HO/10X,36H --- INPUTTED VARIABLE NODE DATA ---//IX, DATAL445
1 3(1X,54 I,5H NPVB,12H HCON ,12H HMIN  ,1X)/1X, DATA%450

2 3(1X,54  -,5H ----,12H --=-  ,12H ceeeLIX)) DATA4455
6550 FORMAT(1H ,3(1X,2I5,2D12.4,1X)) DATA%460
6570 FORMAT(1H1/5X,44H CANNOT FIND A BOUNDARY SIDE COINCIDING WITH,  DATA4465
1 I3,36H-TH VARIABLE BOUNDARY SIDE: STOP ##*) DATA4470

6670 FORMAT(1H1/5K,44H *+* CANNOT FIND A BOUNDARY NODAL NUMBER FOR,  DATA4475
1 13,31H-TH VARIABLE BOUNDARY NODE STOP) DATA4480

6700 PORMAT(1HO//10X,47H COMPUTED BOUNDARY NODAL NUMBER OF ALL VB NODESDATA4485
1 //5X,10(5  I,5H NPVB,2X)/SX,10(5H  -,SH ----,2X)) DATA4490

6750 FORMAT(1H ,4X,10(2IS,2X)) DATA4495
6751 FORMAT(1HO,5X,42H *+* CAN NOT FIND A COMPRESSED RS NODE FOR, DATA4500
1 12,12H-TH POINT OF,14,20H-TH RS SIDE STOP #4*) DATA4505

6900 FORMAT(1HO/10X,30H --- COMPUTED VB SIDE DATA ---,//1X, DATA4510
1 3(SH MP,SH CNP1,5H CNP2,5H CNP3,5H CNP4,SH MPB,SH RTYP,1X)/1X,DATA4515
23(5SH --,5H ----,5H ----,5H ---- ,SH ----,5H ----,5H ----,1X))  DATA4520

6950 PORMAT(1H ,3(715,1X)) DATA4525
7000 PORMAT(1H1/5X,40H #%+* DIRICHLET BOUNDARY CONDITIONS #*¥%*) DATA4S30
7100 FORMAT(1HO/5X,12H PROFILE NO.,12,/ 4(4X,4HTIME,6X,6H HEAD ,2X)/  DATA4535
> 4(4X,4H---- ,6X,6H ---- ,2X)) DATA4540

7200 PORMAT(1HO//10X,65H GLOBAL NODAL NUMBER AND PROFILE TYPE OF DIRICHDATA4S54S
1LET BOUNDARY NODES//S5X,S(5H  I,SH NPDB,SH TYPE,5X)/ DATA4550
15%,5(6H -,5H ----,5H ----,5X)) DATA4555

7250 FORMAT(1H ,4X,5(31S,5X)) DATA4560

7670 FORMAT(1H1/5X,44H *%% CANNOT FIND A BOUNDARY NODAL NUMBER FOR, DATA4565
1 13,32H-TH DIRICHLET BOUNDARY NODE STOP) DATA4570
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7700 FORMAT(1HO//10X,66H COMPUTED BOUNDARY NODAL NUMBER & TYPE OF DIRICDATA4575

1HLET BOUNDARY KODES//SX,5(S5H 1,5H NPDB,5H TYPE,SX)/ DATA4580
1 5X,5(5H -,54 ----,5H ----,5K)) DATAAL585
7750 FORMAT(1H ,4X,5(315,5X)) : DATA4590
8000 FORMAT(1H1/5X,38H *&+* CAUCHY BOUNDARY CONDITIONS #¥a%) DATA4595
8100 FORMAT (1HO/5X,12H PROFILE NO.,12/ 4(4X,4HTIME,6X,6H FLUX ,2X;/ DATA4600

. > &4(&X,6H---- ,6X,6H ---- ,2X)) . DATAA605 -
8300 FORMAT(1HO,10X,61H *** ERROR IN READING CAUCHY BOUNDARY ELEMEN DATA%4610
‘ 1T SIDE STOP *) DATA4615
8400 FORMAT(1HO/10X,354H --- INPUTTED CAUCHY smz DATA ---//5X, DATA4620
1 3(54 MP,5H GN1,5H ON2,5H GN3,5H GN4,5H CTYP,5X)/5X, DATA4625
"3 3(0H -- --- c-- e eem mmee ,5X)) DATA4630
8450 FORMAT(1H ,4X,3(615,5KX)) DATA4635
. 8500 FORMAT(1H0/10X,34H --- INPUTTED CAUCHY NODE DATA ---//5X, DATAA640
2.1 10(5H 1,5H NPCB,2X)/5X,10(5H -,5H ----,2X)) DATA4645
~ - 8550 FORMAT(1H -,4X,10(215,2X)) DATA4650
8570, FORMAT (1H1/5X,44H CANNOT FIND A nouummr SIDE COINCIDING WITH, DATA4655
© 1 1I3,36H-TH CAUCY BOUNDARY SIDE: STOP *&%) DATA4660
8670 FORMAT(1H1/5X,44H +¥* CANNOT FIND A BOUNDARY NODAL NUMBER FOR, DATA4665
-1 13,31H-TH CAUCHY BOUNDARY NODE: STOP) DATA4670
8700 FORMAT(1HO/10X,34H --- COMPUTED CAUCHY NODE DATA ---//5X, DATAL675
1 10(5H 1,5H NPCB,2X)/5X,10(5H -,5H ----,2X)) DATA4680
8750 FORMAT(1H ,4X,10(2I5,2X)) DATA4685
9000 FORMAT(1H1/5X,38H stk NEUMANN BOUNDARY CONDITIONS #kik) DATA4690
9100 FORMAT(1HO/5X,12H PROFILE NO., 12/ 4(4X,4HTIME,6X,6H FLUX ,2X)/ DATA4695
> 4(6X,6H---- ,6X,6H ---- ,2X)) DATA4700
9300 FORMAT(1HO,10X,61H #** ERROR IN READING NEUMANN BOUNDARY ELEMEN DATA4705
" >T SIDE STOP *) DATA4710
9400 FORMAT(1HO/10X,35H --- INPUTTED NEUMANN SIDE DATA ---//5X, DATA4715
1 3(5H MP,5H GN1,5H GN2,5H GN3,5H GN&,S5H NTYP,5X)/SX, DATA4720
23(30H -- <+«- <+cc =ee --- ---,5X)) DATA4725
9450 FORMAT(1H ,4X,3(615,5X)) DATA4730
9500 FORMAT(1HO/10X,35H -- IPUTTED NEUMANN NODE DATA ---//5X, DATA4735
1 10(SH 1,5H NPNB,2X)/5X,10(SH -,5H ----,2X)) DATA4740
9550 FORMAT(1H ,4X,10(2I5,2X)) DATA4745
9570 FORMAT(1H1/5X,44H CANNOT FIND A BOUNDARY SIDE COINCIDING WITH, DATA4750
1 13,37H-TH NEUMANN BOUNDARY SIDE: STOP #*¥%) DATA4755

9670 FORMAT(1H1/5X,44H #*%* CANNOT FIND A BOUNDARY NODAL NUMBER FOR, DATA4760
1 13,31H-TH NEUMANN BOUNDARY NODE: STOP) DATA4765
9700 FORMAT(1HO/10X,35H --- COMPUTED NEUMANN NODE DATA ---//5X, DATA4770
1 10(SH 1,5H NPNB,2X)/5X,10(5H -,5H ----,2X)) DATA4775
9750 FORMAT(1H ,64X,10(215,2X)) DATA4780
c DATALT85
END DATA4790
SUBROUT INE SURF(X,Y,Z,1E, DCOSB,ISB,NPBB) SURF 005

(Same as those in Appendix A)
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SUBROUTINE PAGEN(GNOJCN, 1E) PAGE 005

c PAGE 010
m1mzm3m*awsmsmn*phcg 015

B . PAGE 020

" € ------- TO GENERATE POINTER ARRAYS. PAGE 025

c : ) : PAGE 030
Wlmzmmmyﬁ****uamsmsumn*pmg 035

PAGE 040

INPUT: 1E(NEL,9) PAGE 045

PAGE 050

OUTPUT: GNOJCN(JBAND, NNP) PAGE 055

- GBI ] dokdid ok 2 dhktionkobk 3 A kAt Aok Aok Sk d A A AR 6 Ak Ak i dkk ] A PAGE 065

A PAGE 070

IMPLICIT REAL*8(A-H,0-Z) ' PAGE 075

INTEGER*4 GROJCN ' PAGE 080

: : PAGE 085

. COMMON /SGEOM/ MAXEL ,MAXNP ,MAXBES ,MAXBNP,LJBAND MAXNTI ,MXNDTC PAGE 090

COMMON /CGEOM/ NNP,NEL,NBNP NBES,K KGRAV,NTI NDICHG PAGE 095

COMMON /CINTE/ NCYL ,NITER, KSTR,KPRO,KDSK(Q,KSS ,NPITER, IGEOM PAGE 100

c PAGE 105
DIMENSION GNOJCN(JBAND,MAXNP) ,IE(MAXEL,9) PAGE 110

‘ DIMENSION IEM(8) PAGE 115
‘ c PAGE 120
| C Jkkkkit GENERATE GNOJCN(JBAND,MAXNP) BASED ON IE(MAXEL,9) PAGE 125
. C - : PAGE 130
DO 490 NP=~1,NNP PAGE 135

a‘ S ' PAGE 140
) DO 110 I=1,JBAND PAGE 145
110 GNOJCN(I ,NP)=0 PAGE 150

c PAGE 155

NLNOD=0 PAGE 160

KOUNT=0 PAGE 165

c PAGE 170

DO 390 M-1l,NEL PAGE 175

c ' PAGE 180

DO 160 1Q-1,8 . PAGE 185

160 IEM(IQ)=IE(M,1Q) PAGE 190

c PAGE 195

DO 170 IQ=-1,8 PAGE 200

NI=-IEM(IQ) PAGE 205

IF(NI.NE.NP) GO TO 170 PAGE 210

GO TO 220 PAGE 215

170 CONTINUE ) PAGE 220

GO TO 390 PAGE 225

c PAGE 230

220 DO 290 1Q-1,8 PAGE 235

NI=-IE(M,IQ) PAGE 240
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--- COMPRESS THE NODES TO 1 TO JBAND

NLNOD-NLNOD+1
IF(NINOD.GT.1) GO TO 230

--- THE FIRST NODE IS ENCOUNTERED

KOUNT~KCUNT+1

"~ GNOJCN(KOUNT ,NP)=NI

C

490
c .

GO TO 290

--- IFNLNODISGREATERTHANI, WE HAVE TO CHECK IF NI 1S THE
--- NODE ALREADY COMPRESSED? IF YES, SKIP. IF NOT INCREASE THE

DO 240 J=1,KOUNT
NJ=-GNOJCN(J ,NP)
IF(NI.EQ.NJ) GO TO 290
CONTINUE

--- THE NODE NI HAS 0T BEEN COMPRESSED YET. HENCE COMPRESS IT.

KOUNT=-KOUNT+1
GNGJCN(KOUNT ,NP)=NI

CONTINUE

CONTINUE

IF(KOUNT.LE.JBAND) GO TO 490
KONT=KOUNT-1

JBND=JBAND-1

WRITE(6,1000) NP,KONT,JBND
STGP

CONTINUE

C Frirdir PRINT GENERATED ARRAY GNOJCN

c

590
595

IF(MOD(IGEOM,2).EQ.0) GO TO 595

LINE=0

DO 590 NP-1, NNP

LINE-LINE+1

IF(MOD(LINE-1,50).EQ.0) PRINT 5000
PRINT 5200, NP,(GNOJCN(I,NP),I=-1,JBAND)
CONTINUE

CONTINUE

PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE

245
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
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360
365
370
375
380
385
390
395
400
405
410
415
420
425
430
435
440
445
450
455
460
465
470
475
480
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¢ .

1000 FORMAT(1HO//5X,’ *¥*’ 14,’-TH NODE HAS ’,14,’ NODES SURROUNDING',
1 * IT, WHICH IS MORE THAN JBAND - 1 =’ 15, STOP **t*)

5000 FORMAT(1M1/5K,°® #** GENERATED SURROUNDING NODES OF ALL NODES *°//

.1 5X,*' NP 1 2 3 4 5 6 7 8’,
2 9 10 11 12 13 14 15 16 177,
3° 18 19 20 21 22 23 24 25 26 27',
4 /5X,28(° --*))
5100 FORMAT(1H ,4X,2874)
C
RETURN

END

SUBROUTINE VELT(VK,VY,VZ, CMATRX, X,Y,Z,I1E H,HT,AKR, PROP)

(Same as those in Appendix A)

SUBROUTINE Q8DV(Qb,QRX,QRY,QRZ, XQ,YQ,ZQ,HTQ,AKXG,AKYG ,6AKZG,
1 AKXYG,AKXZG,AKYZG)

(Same as those in Appendix A)

SUBROUTINE SPROP(TH,DTH,AKR, IE,H,THPROP,AKPROP)

(Same as those in Appendix A)

SUBROUTINE BCPREP(IE,X,Y,Z, H,VX Vy,VZ, DCOSB,ISB, NPVB,6ISV,
> DCYFLX,FLX,HCON,HMIN ,NPFLX ,NPCCON,NPMIN, IRTYP,RFALL, NCHG)

(Same as those in Agpenuix A)

PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE
PAGE

VELT

Q8DV
Q8DV

SPRO

BCPR
BCPR

485
490
495
500
505
510
515
520
525
530
535
540

005

005
010

005

005
010
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SUBROUTINE ASEMBL(X,Y,Z,IE, CMATRX,RLD,LRN, HW,HP,DTH,AKR,PROP, ASEM 005
> SOS ,MSEL, ISTYP,WSS,NPW, INTYP, KSS,W,DELT) ASEM 010

(Same as those in Appendix A)

SUBROUTINE Q8(QA,QB,RQ, DTHG,AKXG,AKYG,AKZG,AKKYG,AKXZG,AKYZG, Q8 005
> XQ,YQ,ZQ, SOSM, AGRAV) Q8 010

(Same as those in Appendix A)

SUBROUTINE BASE(N,DNX,DNY,DNZ,DJAC,XQ,YQ,2Q,SS,TT,UU) BASE 005

(Same as those in Appendix A)

SUBROUTINE BC(CMATRX,RLD,IRN, IE,X,Y,Z, AKR,PROP, DCOSB,ISB,NPBB, BC 005
1 QcB,ISC,ICTYP, QNB,ISN,INTYP, FLX,HCON,HMIN, NPFLX,NPCON,NPMIN, BC 010
2 HDB,IDTYP ,NPDB, KSS) BC 015

(Same as those in Appendix A)

SUBROUTINE Q4S(R1Q,R2Q,XQ,YQ,2Q,F1Q,F2Q) - Q48 003

(Same as those in Appendix A)
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SUBROUTINE PISS(R,RI,Ri,C,LRN,OMI, EPS, NNP,NITER.MAXNP,KJBAND, IBUG, PISS
1 KTINM) PISS

c , PISS
WIW2W3MAWSWMzMGm7ﬂPISS
c PISS
C ~-eevce- TO SOLVE A MATRIX EQUATION WITH POINTWISE ITERATION SOLUTION PISS
[ STRATEGIES . PISS
- . PISS
cnml*mmuz**ﬂ*mﬂmamsmmﬂ*sm]nplss
c PISS
C ~-ceem- INPUT: RI(NNP), RL(NNP), C(NNP,JBAND), LRN(JBAND, NNP), PISS
C --o-ue- OMI, EPS, NNP, NITER, MAXNP, JBAND, IBUG, AND KTIM. PISS
c PISS
C ----u-- OUTPUT: R(NNP) - FINAL SOLUTION; AND RI(NNP)-ITERATE. PISS
c PISS
; c**ﬂ*mlm*ﬁmzmﬁ**ym*ammmsmm*sm]uplss
c PISS
IMPLICIT REAL*8(A-H,0-2) PISS

c PISS
DIMENSION R(MAXNP),RI(MAXNP) PISS
DIMENSION RL(MAXNP) ,C(MAXNP,JBAND) , LRN(JBAND,MAXNP) PISS

c PISS
C --evene- PRINT ITERATION INFORMATION ”F DESIRED. PISS
c PISS
IF(IBUG.NE.O .AND. KTIM.NE.O) PRINT 1000 PISS

c PISS
DO 290 IT=1,NITER PISS

c ' PISS
C -rev-ve- FOR EACH ITERATION, PUT THE LOAD VECTOR INTO R(MAXNP). PISS
c PISS
DO 210 NP=1,NNP PISS

210 R(NP)=RL(NP) PISS

c PISS
C ---v--- THE MATRIX C = L + I + U, WHERE L IS THE LOWER TRIANGULAR PISS
C --vv--- MATRIX AND U IS THE UPPER TRIANGULAR MATRIX AND I IS THE PISS
C -e-vv-- DIAGONAL MATRIX. PISS
C vrevn-- NOW ADD U.RI TO THE RIGHT HAND SIDE, WHERE RI IS THE PREVIOUS PISS
C «roeve- ITERATE. PISS
c PISS
DO 230 NP=1,NNP PISS

DO 220 I~1,JBAND PISS
LNODE=LRN(I,NP) PISS
IF(LNODE.EQ.0) GO TO 220 PISS
IF(LNODE.LE.NP) GO TO 220 PISS
R(NP)=R(NP)-C(NP,I)*RI(LNODE) PISS

220 CONTINUE ‘ PISS

230 CONTINUE P1SS

005
010
015
020
025
030
035
040
045
050
055
060
065
070
075
080
085
090
095
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
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c

c

------- START TO COMPUTE NEW ITERATE WITH POINIVISE ITERATIONS.

DO 250 NP-1,NNP
DO 240 I-1,JBAND
LNODE=LRN(I,NP)
IF(LNODE.EQ.0) GO TO 240
IF(LNODE.GE.NP) GO TO 240
R(NP)-R(NP) -C(NP, 1)*R(LNODE)

240 CONTINUE

- DO 245 I=1,JBAND

LNODE~LRN(I,NP)
IF(LNODE.NE.NP) GO TO 245
R(NP)=OMI*(R(NP)/C(NP,1)) + (1.0D0-OMI)*RI(NP)

245 CONTINUE

250 CONTINUE

------- CHECK IF A CONVERGENT SOLUTION IS OBTAINED?

NNCVN=0
RELERR~--1.0D0
ABSERR=-1.0D0
DO 260 NP=1,NNP
ABSDIF=~DABS (R(NP)-RI(NP))
ABSERR~DMAX1 {ABSERR ,ABSDIF)
IF(RI(NP).NE.0.0D0O) RELERR=-DMAXI1(RELERR,DABS(ABSDIF/RI(NP)))
IF(ABSERR .LE. EPS) GO TO 260
NNCUN=NNCUN+1
260 CONTINUE

------- UPDATE THE ITERATE.

DO 280 NP=1,NNP

280 RI(NP)=R(NP)
------- PRINT ITERATION INFORMATION IF DESIRED.
IF(IBUG.NE.O .AND, KTIM.NE.O) PRINT 1100, IT,ABSERR,RELERR,NNCVN
IF(IT.EQ.1) GO TO 290
IF(ABSERR .LE. EPS) GO TO 990
290 CONTINUE
PRINT 2000, IT,NITER,ABSERR,RELERR,NNCVN
990 CONTINUE

PISS
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c

1000 FORMAT(1HO/75X,5H 1IT,12H ABS ERR ,12H REL ERR
1 13H NO. OF NODES/75X,S5H --,A2H --- --- JA2H --- --- .
2 1M --- -0 omme- )

1100 FORMAT(75X,15,2D12.4,5X,15)

2000 FORMAT(1HO/70X,43H ::: WARNING: NO CONVER:.ENG: IN PISS AFTER ,
1 I4,11H ITERATIONS/75X,9H NPITER =,14,11H ABSERR - ,D12.4/75X,
2 11H RELERR =-,D12.4,11H NNCVHN =,14)

RETURN
END

SUBROUTINE SFLOW(X,Y,Z,IE, H,HP,VX,VY,VZ, TH,DTH,
1 BFLX,BFLXP, DCOSB,ISB,NPBB, MSEL,SOS,ISTYP,NPW,WSS, IVIYP,
2 NPVB,NPDB,NPCB,NPNB, DELT, KFLOW)

(Same as those in Appendix A)

SUBROUTINE Q8TH(QTHM,QSO0SM,DHQ, THG, XQ, YQ, Z2Q, SOURCE)

(Same as those in Appendix A)

SUBROUTINE PRINTT(VX,VY,VZ,H,HT,TH, NPBB,BFLX, NPVB,DCYFLX,NPCON,
1 NPFLX,NPMIN, SUBHD, TIME,DELT, KPR, KOUT,KDIAG,ITIM)

(Same as those in Appendix A)

PISS
PISS
PISS
PISS
PISS
PISS
PISS
PISS
PISS
PISS
PISS

SFLO

475
480
485
490
495
500
S05
510
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520
525

005

SFLO 010
SFLO 015

Q8TH

PRIN
PRIN

005

005
010
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SUBROUTINE STORE(X,Y,Z,IE,H HT,TH,VX,VY,VZ, DCOSB,ISB,NPBB, STOR 005

1 TITLE, TIME, NPROB) STOR 010

c : ’ STOR 015
Rk ] Aok i ik 23k doiok koiciek 3 iekoiceiioik by ik ik Sk i ke do ik k G ik Ak ok ek k Tk STOR. 020
c STOR 025
C ------- TO STORE PERTINENT QUANTITIES ON AUXILIARY DEVICES FOR FUTURE STOR 030
C ----n-- USES, E. G., FOR PLOTTING. WHAT DCVICE IS TO BE USED MUST BE STOR 035
C --vrve-- SPECIFIED N THE JCL. STOR 040
c STOR 045
Crkd ki ] Fotdeddk ik 2 ok d ik dk 3 ddoideieioiceh by 3ok deko ik dioke Sk ioh ok & 6k Ak ke ik k Tk STOR. 050
C STOR 055
C-vr-v-- INPUT: X(NNP), Y(NNP), Z(NNP), 1E(NEL,9), H(NNP),6 HT(NNP), STOR 060
[ TH(8,NEL), VX(NNP), VY(NNP), VZ(NNP), DCOSB(3,NBES), STOR 065
C--vuv--- ISB(6,NBES), NPBB(NBNP), TITLE, TIME, NPROB. STOR 070
c STOR 075
C--c---- OUTPUT: STORE ALL INPUTS IN LOGICAL UNIT 1. STOR 080
c STOR 085
CRkiirkdk ] frdiinbk 2 Aok 3o ok ik i ik S koo ook 6 Aok & kk T X STOR 090
c STOR 095
IMPLICIT REAL*8(A-H,0-2) STOR 100

c STOR 105
COMMON /SGEOM/ MAXEL,MAXNP , MAXBES ,MAXBNP ,JBAND, MAXNTI STOR 110
COMMON /CGEOM/ NNP,NEL,NBNP ,NBES,KGRAV,NTI STOR 115

c STOR 120
DIMENSION TITLE(9) STOR 125
DIMENSION X(MAXNP),Y(MAXNP),Z(MAXNP) ,IE(MAXEL,9) STOR 130
DIMENSION H(MAXNP) ,HT(MAXNP) ,VX(MAXNP) , VY(MAXNP) ,VZ(MAXNP) STOR 135
DIMENSION TH(8,MAXEL) STOR 140
DIMENSION DCOSB(3,MAXBES),ISB(6,MAXBES) ,NPBB(MAXBNP) STOR 145

c STOR 150
DATA NPPROB/-1/ STOR 155

c STOR 160
IF (NPPROB.EQ.(-1)) REVIND 1 STOR 165

IF (NPPROB.EQ.NPROB) GO TO 110 STOR 170
WRITE(1) (TITLE(I),I=1,9),NPROB,NNP,NEL,NBNP 6 NBES,6NTI STOR 175
WRITE(1l) (X(N),N=1,NNP), (Y(N), N~1,NNP), (Z(N), N~1,NNP), STOR 180

1 ((IE(M,1) ,M=1,NEL),I=1,9),((DCOSB(I, M),6I~1,3),M~1,6NBES), STOR 185

2 (NPBB(N),N~1,6NBNP) STOR 190
NPPROB~-NPROB STOR 195

c STOR 200
110 WRITE(1) TIME, (H(N),N=1,NNP), (HT(N),N~1 NNP), ((TH(I,M),I~1,8),M=1,STOR 205

1 NEL),(VX(N),N=1,NNP), (VY(N), N=1,NNP), (VZ(N) ,N=~1,NNP) STOR 210
RETURN STOR 215

END STOR 220
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SUBROUTINE INTERP(FALL,TRF,RF TIME, MXPR ,MXDP, NPR,NDP) INTE 005
(Seme as those in Appendix A)
N o=
SUBROUTINE READR(F,MAXNOD,NNP) REDR 005
(Same as those in Appendix A)
SUBROUTINE READN(INDTYP MXTYP NTYPE) REDN 005

(Saleb as those in Appendix A)

|(‘\
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