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FOREWORD

The Assessment of Effectiveness of Geologic Isolation Systems (AEGIS)
Program is developing and applying the methodology for assessing the far-field,
long-term post-closure safety of deep geologic nuclear waste repositories.
AEGIS is being performed by Pacific Northwest Laboratory (PNL) under contract
with the Office of Nuclear Waste Isolation (ONWI) for the Department of Energy
(DOE). One task within AEGIS is the development of methodology for analysis
of the consequences (water pathway) from loss of repository containment as
defined by various release scenarios.

Analysis of the long-term, far-field consequences of release scenarios
requires the application of numerical codes which simulate the hydrologic
systems, model the transport of released radionuclides through the hydrologic
systems to the biosphere, and, where applicable, assess the radiological dose
to humans.

Essentially three modeling technologies are involved in assessing the
water pathway release consequence. These models are: 1) hydrologic models
that define the groundwater flow field and provide water flow paths and travel
times, 2) transport models that describe the movement and concentrations of
the radionuclides in the flow field, and 3) dose models that determine the
resultant radiation doses to individuals and/or populations. Figure i is a
schematic flow diagram for the release consequence analysis.

The various input parameters required in the analysis are compiled in
data systems. The data are organized and prepared by various input Subrou-
tines for use by the hydrologic and transport codes. The hydrologic models
simulate the groundwater flow systems and provide water flow directions,
rates, and velocities as inputs to the transport models. Outputs from the
transport models are basically graphs of radionuclide concentration in the
groundwater plotted against time. After dilution in the receiving surface-
water body (e.g., lake, river, bay), these data are the input source terms for
the dose models, if dose assessments are required. The dose models calculate
radiation dose to individuals and populations.
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Hydrologic and transport models are available at several levels of com-

plexity or sophistication. Model selection and use are determined by the
quantity and quality of input data. Model development under AEGIS and related

programs provides three levels of hydrologic models, two levels of transport

models, and one level of dose models (with several separate models). The

models and data systems are documented as follows:

e HYDROLOGIC MODELS:

PNL-3162

PNL-3160

PNL-2939

PATHS Groundwater Hydrologic Model - first level (simplest)
idealized hybrid analytical/numerical model for two-
dimensional, saturated groundwater flow and single component
transport; homogeneous geology.

VIT (Variable Thickness Transient) Groundwater Hydrologic
Model - second level (intermediate complexity) two-
dimensional saturated groundwater flow, Boussinesq approxima-
tion, finite difference approach; two-dimensional (quasi
three-dimensional) multiaquifer capability; heterogeneous

geology.

FE3DGW (Finite Element, Three-Dimensional Groundwater)
Hydrologic Model - third level (high complexity) three-
dimensional, finite element approach (Galerkin formulation)
for saturated groundwater flow; heterogeneous geology.

o TRANSPORT MODELS:

PNL-2970

PNL-3179

GETOUT Transport Model - first level one-dimensional
analytical solution considering radioactive chain decay with
capability for only simple release and hydrologic functions;
single speciation, constant flow rate, dispersion and
sorption three-member straight delay chains.

MMT (Multicomponent Mass Transport) Model - second level,
one-dimensional numerical, discrete parcel random walk (DPRW)
algorithm; chain decay, single speciation, equilibrium
sorption, time-variant leach rate and dispersion, n-membered
straight or branched decay chains.



e DOSE MODELS:

PNL-3180 ARRRG - drinking water, evternal exposure to aquatic food,
water and shorelines, and FOOD - terrestrial food.

PNL-3209 PABLM - Combination of ARRRG and FOOD with additional
features related to chronic releases.

BNWL-B-264 KRONIC - chronic external dose from air pathways.

BNWL-B-351 SUBDOSA - acute external dose from air pathways.

BNWL-B-389 DACRIN - chronic or acute inhalation dose from air pathways.
o DATA SYSTEMS:

PNL-3139 SIRS (Sorption Information Retrieval System) - storage and
retrieval system for experimental data on sorption/desorption
analyses for a wide variety of radionuclides, groundwater
compositions, and rocks and minerals.

PNL-3161 CIRMIS (Comprehensive Information Retrieval and Model Input
Sequence) Data System - storage and retrieval system for
model input and output data, including graphical
interpretation and display.

This document consists of the description of the FE3DGW (Finite Element,
Three-Dimensional Groundwater) Hydrologic Model.

Return of the form on the last page of this report is required in order
to remain on the Distribution List for future revisions of the model.
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1.0 INTRODUCTION

1.1 GENERAL

The objective of transport modeling for the Waste Isolation Safety
Assessment Program (WISAP) is to develop an integrated modeling system to
predict, in the event of a breach, the movement of radioactive contaminants
from a nuclear waste repository located in geologic media through the geo-
sphere to the biosphere and to evaluate the potential radiation dose to
humans. Prediction of radioactive contaminant transport requires an estima-
tion of water movement since water is the primary driving force for waste
movement in a hydrogeologic system. Hydrologic models define water flow paths
and travel times from the input data provided by repository disruptive event
analysis. Three levels of the hydrologic models have been categorized to
handle varying complexities and degrees of available input parameters. The
first level is for the simplest one-dimensional models having analytical
solutions through idealized analytic or hybrid analytic models for
two-dimensional single aquifer systems with scanty input data; the second
level deals with more complex single or quasi-multilayered systems; and the
third Tevel is for compiex multilayered systems.

The three-dimensionai, finite element, ground-water model described in
this report falls under the third level of hydrologic models. This model is
capable of simulating singie-layered systems having variabie thickness or
multilayered systems, where not only thickness can be varied, but the number
of layers can be changed to agree with the vertical geologic section. Also,
spacing of the model nodes can be varied as required. The source or sink
terms can be defined at a given point (well) or along a given line (rivers,
streams, etc.) or for a given region (variable surface infiltration from
natural precipitation or irrigation). Pumping stresses in each layer of the
subregion can be defined as a function of time. The geologic input data for
such complex multilayered systems are reduced to weli-log descriptions at each
surface node and subdivision of the entire region into two-dimensional



elements. To provide for interaction between appropriate scientific
disciplines, supportive programs have been developed to plot grid values,
contour maps, and three-dimensional charts of both the input data used in
simulation and the results obtained.

1.2 SALIENT FEATURES OF FINITE ELEMENT METHODS

Finite elements provide an alternative method of approximation, with much
greater power than the finite-difference methodology. The finite-difference
method needs special formulas for describing boundaries in many instances; the
size of the grid is not changed easily, and accounting for inhomogeneities and
anisotropy involves complications. On the other hand, in finite element
methodology, the whole domain can be divided into irregular subdivisions as
dictated by physical geometry of the problem. The size of each subdomain
(element) can be varied easily; small elements can be used in areas of rapid
change, and large elements where variations are less severe. Further,
inhomogeneities and anisotropy are quite easily accommodated. The advantage
of irregular subdivisions and higher-order approximations is exceptionally
important when the spatial domain is complex.

1,3 NEED FOR A THREE-DIMENSIONAL, FINITE ELEMENT MODEL

Geohydrologic systems and surface-water bodies (e.g., lakes, rivers)
usually have irregular boundaries, and the finite element method provides a
powerful tool for space and boundary definition. The spacing of the nodes
near the repository, pumping wells, or surface-water bodies can be narrowed,
and the hydraulic conductivities can change abruptly from element to element
so that fault zones and confining layers are represented.

Some of the complex generic and site-specific geologic configurations
consist of multiaquifer systems separated by semiconfining layers, and these
aquifers respond conjunctively to stresses imposed on either aquifer. Such
coupling of aquifers requires modeling all of the layers simultaneously. A
three-dimensional model provides a realistic means of representing
multilayered aquifers associated with generic or specific repository sites.

1-2



1.4 ORGANIZATION OF THE REPORT

Section 2.0 describes partial differential equations of flow through
saturated porous media and the Galerkin finite element formulation used in the
model.

Need for a three-dimensional ground-water model was recognized for more
than two decades, but due to high core storage requirements and excessive
computational costs,(l’z) three-dimensional models for ground-water
simulation were not used until recently. Section 3.0 deals with salient

features used in the model to reduce core storage and cost.

Main features provided in the model for convenient mathematical
description of large and complex ground-water systems are dealt with in
Section 4.0. The input data structure of this model is based on hydrogeologic
data usually compiled for the ground-water systems. Because the accuracy of
results is a function of the quality of the input, the input data must be
thoroughly verifiable by modelers, field geologists, and hydrologists, in
order for simulation results to be beneficial as a predictive or management
tool. Supportive programs have been developed to provide means for
interaction with geologists and hydrologists by plotting the node location,
finite element discretization, well log (geologic section) at each node,
thickness, top and bottom elevation of each hydrogeologic unit, and boundary
conditions specified in the input data file prepared for simulation.

Section 5 describes how these characteristics are plotted, again using the
illustrative example of the ground-water system beneath Long Island,
New York.

Validation of the numerical model with the analytical solution provides a
check on the algorithm developed. Section 6 describes some of the test
cases. Section 7 deals with some of the applications of the model.
Sections 8 and 9 are, respectively, the user's manual and computer codings of
the model.
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2.0 GALLERKIN FINITE ELEMENT FORMULATION
OF THREE-DIMENSIONAL FLOW

2.1 GOVERNING PARTIAL DIFFERENTIAL EQUATIONS

Three-dimensional, nonsteady flow is defined by the following

equation:(3)

= fluid pressure, M L~

n
= ;Ei Q(Xx55¥55255t) & (x-x;) (y-y5) (z-z;)

shy , 8 ahy , 2 ah _ < oh
(Kx 5?9 * Y, (Ky ay) * 3z (Kz 530 - Q=53
¢ ° specific storage L-L
= +
pg (ap GBp)
2

gravity field strength, L T~

head above common datum, L
p

o2 {8y

Po

= represents hydraulic conductivity of the saturated flow

in the x, y, and z directions, L T~}

1 T-2

= strength of sink function defined by T~}

1

= the well discharge from the aquifer, L5 T~1
= Dirac delta function

= time, T
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z = elevation above given datum, L

6 = porosity of medium, dimensionless
o = compressibility of medium, LT2 M1
8, = compressibility of liquid, L72 1

3

0 density of fluid, M L~

Equation (2-1) is for a fixed coordinated system. Compressibility of
medium and liquid is considered only in coefficient SS, called "specific
storage" by Hantash(4) and defined as the "volume of water a unit volume of
aquifer releases from storage under a unit decline of head." DeWiest(S)
questioned the validity of Equation (2-1) on the fact that "on one side of the
equation the net inward mass flux was calculated for a volume element without
deformation, while on the other side of the equation, to compute rate of
change of mass inside the volume element, the element itself was deformed."
DeWiest derived the following equation:

2 sh _ S* oh

vh - zpo 9327 K ot
where

S* = pg[(l - G)OLp + GBp]

specific storage, -1

(]

Cooper(s) distinguished the rate of flow relative to the moving grains
of the medium and the rate of flow across fixed boundaries on the control
volume while material is deforming; the former obeys Darcy's Law, while the
latter does not. Cooper derived the following flow equation in terms of fixed
coordinates, assuming that fluid conductivity K remains constant
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during deformation of the material:

2
9 !
b i SECTIE R SIORRURICARRE)

where

dh 3h oh
wg = vertical component of velocity of grains of
the medium, Rt

For an equation of flow in deforming coordinates, Cooper derived the
following equation:

2 - dh - o9 sh
vh - 2089 0 = 5 (o + 88)) 5%

where

z' = deforming spatial coordinate, L

Cooper also suggested that in almost all problems, the second term on the
left is negligible, so the equation can be very closely approximated as:

S
2, _ S
V°h = X

@ |
|

Cooper concluded that the three-dimensional equation (2-1) as proposed
b(3)
on

the deforming coordinate z'." The difference between the fixed coordinate

by Jaco appears to be exact if one considers his z coordinate to be

and the deformed coordinate is neqgligible in most aquifer materials, except

for those clay materials which compact substantially with the change
of pressure of the fluid.
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This work considers deep-seated aquifers, which have minor variations
in head with respect to time. Equation (2-1) proposed by Jacob has been
used. The program, after minor modifications, is capable of using any
other alternate equation defining flow through porous media in three
dimensions.

2.2 GALERKIN APPROXIMATION

Equation (2-1) can be rewritten in a more compact form as:

_ 9 ah
L(h) = 5 (Kigox ) - Q=S
o B

sh
s ot

Q>

= 0

In the above equation and in subsequent equations, subscripts « and g are
used to describe the three-dimensional flow equation in condensed form.

To solve L(h) = 0 by the Galerkin method, a trial solution of the
following form is assumed:

n
h(x st) = h'(x ,t) = _21 Hi(t) V.(x)
'|=

o

where Vi(xa) (i =1, 2 ... n) is a system of functions (basis functions or
bases) chosen beforehand and satisfying the essential boundary conditions
imposed on Equation (2-1). The functions Vi(xa) (i=1,2 ... n) are

assumed to be linearly independent and to represent the first n functions
of some system of functions which is complete in the given region. The
functions Hi(t) are undetermined coefficients that, as shown later, are
the solution of Equation (2-1) at specified points (or nodes) in region 9.

The approximating function h'(xa,t) will be an exact solution to
Equation (2-1) only if L(h') is equal to zero. This can be best achieved
in a variational sense using the definition of orthogonal functions. The
orthogonality of expression L(h') is required to all the basis functions
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Since only n basis functions have been selected, there are n undetermined

coefficients H.(t) (i =1, 2 ... n) and therefore only n conditions of
orthogonality can be satisfied. These conditions are stated as:

i

JJJQ L(h'[x ,t]) V;(x ) deo

JJJQ L(jn Hilt] Vilx 1) Vi(x ) da =0 (2-4a)
i=1,2...n

Assuming that the appropriate integrations can be performed, the desired
solution of Equation (2-2) is obtained by substituting the values of Hi(t)
into Equation (2-3).

The above-mentioned formulation of the Galerkin equation was applied by
Pinder and Frind(7) to ground-water simulations. In this approximation

_technique, there is no direct dependence on variational principles, and it is

a universal method applicable to equations of elliptic, parabolic, or

hyperbolic type. This was applied to three-dimensional ground-water flow by
Gupta et al. (8)

2.3 BASIS FUNCTION

The suitability of the Galerkin approximation for computer application
is largely based on the choice of basis functions Vi(xa ). Efficient
numerical schemes can be developed when continuous piecewise polynomial
functions are used, e.g., Price et a].,(g) Cavendish et a].,(lo) and

Culham and Varga.(ll) In selecting these functions a series of nodes is
chosen in the domain, and basis functions are defined such that V.(x, y, z)

is unity at node i and zero at all other nodes. When functions are chosen
with these constraints, the undetermined coefficients Hi(t) (i =1, 2, ...
n) are then the required function h'(x,,t) at the n points.
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The three-dimensional mixed basis functions(8) are given below.

Corner Nodes

where

§(L+ee) (L+an) (1+ )

Q
"

w
il

. + +
1 BE Bn BC

Values of Bg’ Bn and BC are determined by the order of the element sides
(z =41, n=¢#1), (¢ = £1, £ = 1) and (¢ = 1, n = #1), respectively, in
conjunction with information from the table given below.

TABLE 2.1 Parameters of 8_, Bn and BC for Mixed Corner

£
Order of Side B B B
3 n z
. 1 1 1
Linear 3 3 3
. 2 2 2
Quadratic Eey - 3 nny T3 Ly - 3
. 9 2 19 9 2 19 9 2 19
Cubic 8¢ "2 §" " 8t A
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Nodes Along the Sides of Elements

A typical midside node of a quadratic side:

1
Vi = E'(l - 52) (1 +nny) (14 cci) for £, = O,ny = 1,z; = 4]
Vi g L+ gg8) (1= nd) (L + cq) For gy = sl = 0,5 = =1
i 4 515 n CC.i E'I -l,ni sﬁ.i +
Vo=@ ) (14 any) (1-62) for g, = +lans = 21,2 = 0
i 4 ig nni E i - ’ni - ’Ci

A typical midside node of a cubic side:

Vi = & (1-6%) (149ee.) (1+nny) (I+coy) for € = 5, ny = 1,0,
V, = 2 (1+££,) (1-n2) (149nn,)(1+£,) for £, = 1 "

i 64 i n nni i i =L ni —3’Ci
Vi = é%’(1+iii) (1+nn;) (l-cz)(1+9££i) for £, = #1, n, = *1,z

A convenient method of establishing the coordinate transformations
from Cartesian to local ¢, n, z, space is to use the basis functions given
above. The points with coordinates, x, y, and z, will Tie at corresponding
point, & n, ¢, in the element as given by the general definitions of the
basis functions. By these rel)ationships, each set of local coordinates will
correspond to a set of global Cartesian coordinates and in general to only one
such set. Nonuniqueness arises only with violent element distortions.

2.4 GALERKIN APPROXIMATION FOR GROUND-WATER FLOW EQUATION

After generating the appropriate basis function for each node in domain
Q, it is necessary to solve Equation (2-4) for the undetermined coefficients

Hi(t). By substituting Equations (2-2) and (2-3) in Equation (2-4a) along



with the assumption that the principal components of the hydraulic con-
ductivity tensor are co-linear with x, y and z, the following is obtained
for three dimensions:

n
d d d _
”L {W (Kyg 3% > HV5) - Sg 5% jzl HyVy - Qb vy da=0 (2-4b)

th

where the domain Q is composed of all elements over which the i basis

function is defined.

To eliminate the second derivatives in Equation (2-4b), Green's theorem
in the following form can be used:

mn [‘”2_}] do = - J” —atﬂd”"”ﬂ’a—i@;% da (2-5)

8 9X 9X
a a
a

Assuming KaB to be constant over each domain of integration and notina
that H. is a function of time only, and using Green's theorem Equation (2-5),
Equation (2-4b) can be written as:

n V. V. n oH.
(K, 21 2. H.dsz+m SV, > V. —i de
JJJQ i=1 aB 3X axB J Qs 1 i=1 J ot
n aV
—J = -
+ [JﬁzQVi do - JJA V1 jzi (KaB oy 2 ) Hj dx =0 (2-6)

The n equations in (2-6) can be written in the matrix form as:

[P] {H} + [R] {dH/dt} + (U} =0 (2-7)
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where [P] and [R] are n x n matrices in which:

vV, oV,
= 1 _J
s o 2

=
1]

s sy

and {U} is a vector in which:

U, = ”JA Qv; do - ”)\Vi 321 (KGB%*;— 1) Hy da (2-8)

The last term in Equation (2-8) incorporates the Neumann boundary
condition:
oh _
- K L

aB BXB o

where d, is the flux of water per unit area of boundary S, L/T. This last
term is formed only when q. js nonzero, in which case it takes the form of:

JJA Vi I da

Under these conditions, the flux prescribed along the boundary can be inte-
grated, and the weighted average value for each node of total outward flux
used for the specific node under consideration. At nodes where a

Dirichlet or constant-head boundary condition is encountered, Equation (2-6)
is not generated. The matrices of Equation (2-7) are partitioned to account
for these passive nodes to minimize the number of operations required for
solution.
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2.5 NONHOMOGENEITY AND ANISOTROPY

In the formulation of Equation (2-6) no derivatives of the hydraulic
conductivity coefficients (K ) occur, and therefore the formulation is valid
for constant or variable va]gés. The conductivities can change abruptly from
element to element if required by the prototype system. Moreover, the general
form of Equation (2-6) readily accounts for anisotropy when it exists and the
appropriate parameters are known.

2.6 CONVERGENCE REQUIREMENTS

Since the formulation is defined by the first derivatives of h, con-
tinuity of only h is necessary when choosing suitable basis functions.
Also, basis functions must be defined such that constant values of any of
the first derivatives are available throughout the element when suitable
nodal values of {h}€ are assigned. The basis functions used in the present
formulation satisfy all of the above.

2.7 INTEGRATION OF APPROXIMATING EQUATIONS

The finite element process converges if integration is sufficient to
evaluate exactly the volume of the elements. The Gaussian quadrature
scheme is generally used for numerical integration. Numerically integrated
finite elements provide greater versatility than those employing analytical
integration. For a general class of problems, the matrices are always of
the same form in terms of the shape function and its derivatives. In the
computer program, the shape functions and their derivatives are specified,
along with the order of integration (number of Gaussian points). The use of
universal shape function routines has a unique practical advantage in that,
once the routine is checked decisively for errors, the computer works
efficiently in dealing with any new situation or problem. This function
avoids any possibility of inherent mistakes.
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If the nodal values are correct and an adequate minimum number of

Gaussian points is prescribed, numerical integration results in identical

precision. Finite 2lement integration is briefly described below.

Numerical approximation is carried out with respect to the nodal
values, and each node is described in terms of shape factor Vi given in

local coordinates; thus, we have the following relationships considering

each element as a domain:

n
x = 2 V.(E,1,2) x;

i=1
n
y = 211 Vi(E,, n,g) .Y.i (2'10)
i=1
n
z = Zl Vi(€,n,2) 2, (2-11)
1=
n
H = Zjl V.(€,n,2) H; (2-12)
'|=

where Xj, ¥i, and z; are actual values of nodal Cartesian
coordinates and n is the number of nodes in the element under

consideration. H; (as defined earlier) is the actual value of the
required function h(x, y, z, t).

Considering the set of local coordinates £, n, and ¢ and a
corresponding set of global coordinates x, y, and z, by usual rules of

partial differentiation, we can write, for instance, the £ derivatives as:

BVi v, oV oV

;
3 X 3y 9z 9

Performing the same differentiation with respect to the other two
coordinates and writing in matrix form we have:
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Nl e ey, oa| (M) (3

13 3g” dg’ 3L ax T

av- av' w

11 _al(_ Y _a_Z_ _i - i

an > M 9n \ 3y X [J] <'5§—> (2-14)
Lag = _aC’. ag’ ac B \az ) \az )

In the above, the left-hand side can be evaluated since the functions

Vi are specified in local coordinates. Furthermore, x, y, and z are
explicitly given by the relation defining the curvilinear coordinates
[Equations (2-9), (2-10), and (2-11)]. The matrix [J Jcan be formed
explicitly in terms of local coordinates. This matrix is known as the
“"Jacobian matrix".

To find the global derivatives, we invert [J] and write

( avi\ avi\
X BE
< av. \ v, |
i _ -1 _1 -
T = [J] = (2-15)
3V, | 3V,
3z / FI

In terms of the shape function defining the coordinate transformation
[ v'], which are identical with the shape functions [V] when isoparametric
formulation is used, we have:
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v, av, av; i
Lag Xi» Z_a-g—"y'i’ Z—B?z'i
av, AV, oV,
i 1 S 1
(3] = 2am X 2o Y 2w 2
av, | av, v,
i ~_ 1 .
Lz—a_c_ X LT Y 257 %

The transformation of the variables and region, with respect to which
integration is made, is achieved by the following:

dx dy dz = det [J] d& dn dc

which is valid irrespective of the number of coordinates used. Assuming that

the inverse of [J] can be found, by transformation we have

aV. sV, aV. 5V

11l AR . gV,
= — 1 _J 2173 }
Pij = ;{.:g ;4 Ky 3x3x * Ky 3y 3y * Xz 37 57 det [J]dg dn dz (2-16)

Similar expressions are developed for the remaining terms of
Equation (2-8).

To perform an integration of the form indicated in Equation (2-16), a
Gaussian quadrature scheme is used. In this technique a polynomial f(x) of
degree 2N-1 may be integrated exactly as the weighted mean of its N particular
values of specified points (Gaussian points). Examining in detail the form of
Jacobian determinant (expressed in terms of shape function derivatives), and
its order, the number of Gaussian points required for exact integration can be
determined. Zienkiewicz and Cheung(lz) give a concise discussion of
Gaussian quadrature and tables of required coefficients (Table 2.2).
Zienkiewicz(13) summarizes that if only a few elements are used to represent
a region, more than a minimum number of Gaussian points is advised. If a
large number of elements have to be used, the lowest necessary order of
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TABLE 2.2. Abscissae and Weight Coefficients of the Gaussian
Quadrature Formula

1
_/'f(x) dx = 3£%<Hi f(aj),
-1 =

+a H

n=2

0.57735 02691 89626 1.00000 00000 00000
n=3

0.77459 66692 41483 0.55555 55555 55556

0.00000 00000 00000 0.88888 88888 88889
n=4

0.86113 63115 94053 0.34785 48451 37454

0.33998 10435 84856 0.65214 51548 62546
n=>5

0.90617 98459 38664 0.23692 68850 56189

0.53846 93101 05683 0.47862 86704 99366

0.00000 00000 00000 0.56888 88888 88889
n==6

0.93246 95142 03152 0.17132 44923 79170

0.66120 93864 66265 0.36076 15730 48139

0.23861 91860 83197 0.46791 39345 72691
n=17

0.94910 79123 42759 0.12948 49661 68870

0.74153 11855 99394 0.27970 53914 89277

0.40584 51513 77397 0.38183 00505 05119

0.00000 00000 00000 0.41795 91836 73469
n==8

0.96028 98564 97536 0.10122 85362 90376

0.79666 64774 13627 0.22238 10344 53374

0.52553 24099 16329 0.31370 66458 77887

0.18343 64624 95650 0.36268 37833 78362
n=29

0.96816 02395 07626 0.08127 43883 61574

0.83603 11073 26636 - 0.18064 81606 94857

0.61337 14327 00590 0.26061 06964 02935

0.32425 34234 03809 0.31234 70770 40003

0.00000 00000 00000 0.33023 93550 01260
n =10

0.97390 65285 17172 0.06667 13443 08688

0.86506 33666 88985 0.14945 13491 50581

0.67940 95682 99024 0.21908 63625 15982

0.43339 53941 29247 0.26926 67193 09996

0.14887 43389 81631 0.29552 42247 14753
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integration is economical. It is also reported that considerable improvement
results from using a minimum integrating order. The computer program written
has a choice of the use of 2, 3, or 5 Gaussian integration points.

2.8 FORMATION OF MATRICES

Once the matrices of Equation (2-7) have been developed, the task is to
solve for the undetermined coefficients Hi(t) (i =1, 2...n). To eliminate
the term 9H/3t associated with the P matrices, a backward finite-difference
approximation for the time is generally used with given initial values of H(0):

[P] {H}t+At + [R] ({H}t+At - {H}t)At + {U} =0
or
([P1 + [R1/at) {H};, .+ = [R1/At {H}; - {U} (2-17)

where values occurring on the right-hand side are known.

For finite difference in time, the Crank-Nicholson or central-
difference scheme can be used after the first initial step. In past versions
of the model, backward difference was used for the initial time step, but in
the present model, rather than simulation of H, the computer program has been
modified to simulate changes during the time step.
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3.0 COMPUTATIONAL ORGANIZATION OF THE PROGRAM FOR REDUCING CORE
STORAGE REQUIREMENTS AND EXECUTION TIME

The three-dimensional, finite-element method has the major limitations of
requiring large organization and programming efforts and considerable core
storage, 1imiting the size of problems handled on a given computer. In
DAVIS-FE(8) the core storage requirements and cost of computation for a
three-dimensional ground-water flow were reduced by use of small independent
subprograms, storing intermediate results which are needed repeatedly, and use
of a partially compressed matrix for storing and solution of the sparse and
unbanded system of equations. Further improvements of the DAVIS-FE and
equation solver were made for application to multilayered ground-water systems
beneath Long Island, New York.(14)

Under WISAP, additional modifications were carried out and a new version,
FE3DGW (Finite Element 3-Dimensional Ground Water), was developed to simulate
multilayered systems on a small computer (PDP-11/45 having maximum core
storage of 32 K for 16-bit words). This section gives a brief description of
the organization of the computer program.

3.1 PROGRAM ORGANIZATION TO REDUCE MEMORY REQUIREMENTS

Input Data

Reduction of core storage can be achieved by using a disk, provided the
data are sequentially written and retrieved. Therefore, the input data for
the finite-element simulation were grouped into two major categories:

Data Used at Random

Data related to material properties, nodal coordinates and boundary
conditions are needed at random, as per the nodes of given elements.
Therefore, this information is stored in the core memory of the given
subroutine whenever possible. For simulation on a small computer, if all the
nodal coordinates cannot be accommodated in core storage, they are read in as

multiples of 256 integer (128 real) words, the equivalent of one record of
disk block.
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Data Used in Sequential Form

Element related information forms the bulk of storage requirements.
Because numerical integration is carried out sequentially element by element,
the element-related information is handled through disks.

System Stiffness Matrix

For a natural basin involving many layers of three-dimensional elements,
the system stiffness matrix is large, sparse and unbanded. The number of
unknowns in a natural multiaquifer system may be as high as 1000 or more,
whereas nonzero coefficients for linear, quadratic and cubic order
three-dimensional elements are respectively only 27, 81, and 135. If mixed
order three-dimensional isoparametric elements are used, in general the number
of unknowns in a givan row is 40 to 60.

The use of two arrays, one for storing the nonzero elements and the other
for column identifications, has been found to be very efficient in reducing
the memory requirement for large sparse, unbanded and asymmetric systems of
equations.(15) Since provision must be made for the longest row of nonzero
coefficients, storage of a limited number of zeros is required in some of the
rows, resulting in partially packed arrays. Such a storage scheme is
economical if the longest row after elimination process contains less than 50%
nonzero elements.

3.2 REDUCTION OF PROCESSOR TIME

Storage of Intermediate Results Needed Repeatedly for Transient or
Steady-State Solution

Numerical approximation is carried out with respect to the nodal values,
and each node is described in terms of shape factor Vi, given in local
coordinates. Details of the steps involved in numerical integration have been
given in Section 2. Various components of Equation (2-17) are estimated in
the following manner:



st

a. For a Tinear element a minimum of two Gaussian points in each direction
are required, which warrants estimation of shape function Vi’
avi avi aVi
3§ * 3n > 3L
and the matrix Jacobian [J], eight times for each element. For a quadratic or
cubic order element, the minimum is 27.

b. In Equation (2-6), the only parameters required are

oV, aV. oV. V. oV, aV,
— L det [J], _—l'?f% det [J], ?T%'E_% det [J], ViVy det (3] and

£ 9dg n

Vi det [J], respectively called FIFJ, GIGJ, HIHJ, XIXJOB and XIJCOB. The
values of these parameters are estimated at each Gaussian point and summed up

for the given element before writing to disk. These parameters are functions
of the x, y, and z coordinates of each node of the element and remain constant
for steady-state and confined transient cases. The economy achieved by
storing intermediate steps can be evident from the fact that Gaussian
numerical integration requires 8 or 27 times estimation (depending on the
order of the element) of the shape function, Vis and its derivatives for

each node of the element for every solution. For each quadratic or cubic
order element this amounts to 1188 times estimation of each of the integration
parameters called FIFJ, GIGJ, HIHG, XIXJOB and XIJCOB.

c. The element stiffness matrix is formed by rewriting Equation (2-17) in

the following form:

Pij = FIFJ x Ky = 61GJ x Kyy + HIHJ x Ky,

Rij = pg (ap + #8p) x XIXJOB

U; = Q x XIJCOB
For each transient or steady-state problem, the stiffness matrix of the region
is developed by reading the summed-up values of FIFJ, GIGJ, HIHJ, XIXJOB and
X1JCOB for each node of the given element.
Solution of System Matrix with Minimal Arithmetic Operation

In finite element formulation, the subroutine for the solution of
simultaneous equations constitutes another major influence on computational
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cost. The computer program uses EQSOLV(15) in which: 1) the row with the
minimum number of nonzero elements is selected as the pivot row and to avoid
instability, the largest absolute element in the pivotal row is used as the
pivotal column; 2) the coefficients matrix is decomposed to the upper
triangle, and sequential operations and coefficients for right-hand constant
vector are stored such that, for constant time steps, repeated solutions are
obtained by back substitution without decomposing the system matrix again;

3) the bulk of the program centers on a search of the partially packed column
matrix to locate elements to be operated on, and thus actual arithmetic
operations are minimal.

3.3 DIVISION OF THE MODEL INTO INDEPENDENT SUBPROGRAMS

For efficient handling of the input data, for providing checks at various
stages of simulations, and for computational efficiencies, the computer model
has been subdivided into the following five independent subprograms.

a. PROG1 - This program reads the input data, assigns a new number to
each node for internal estimation, generates a three-dimensional
mesh, estimates the number of unknowns and generates File-Q* disk
files for data processing in other subsequent programs.

By making this program independent, the modeler is provided with a
means of critically exanining the input data before proceeding with
execution of the other programs. In other programs, reduction of
memory requirement is achieved by retrieval of only relevant
information.

* File-Q is a set of FORTRAN callable direct I/0 subroutines written for
use on PDP 11/45. The File-Q file structure for disk volumes is designed
to minimize the overhead associated with direct access file operations.
Once File-Q has been opened, only basic read-write limits are checked for
each I/0 operation and all direct access I/0 transfers are started at the
beginning of a physical (256 word) disk block boundary.
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C.

The computer output from large basins may run to several pages that
may be needed only for the initial run and not for further additional
minor modifications. Therefore, the computer program has varied
options from no output to complete listing of various details.

PROG2 - This program calculates the integration parameters (described
in Section 3.2) needed repeatedly but which remain constant for the
given x, y, z coordinates. These integration parameters are stored
sequentially for each element and are retrieved for transient or
steady-state solutions with different boundary conditions or
hydraulic properties.

BAND - Simulation of ground-water basins involves a large, sparse and
unbanded system of equations. The equation solver uses partially
packed arrays by storing only nonzero elements in one matrix and
their column identification in another matrix. Initially as well as
during decomposition of the system matrix into upper triangular form,
the nonzero columns of each row are arranged in ascending order,
reducing processor time by conducting the search for specific
elements until the column identification of the row, being searched,
is exceeded.

Through subprogram BAND, the preassigned locations of elements for
initial formation of system matrix are calculated. This reduces
considerably the computational efforts necessary in rearranging the
columns during repeated formations of the system matrix.

PROG3I - For a given problem it is usually desired to simulate
potentials with different time steps, recharge rates and pumping

stresses. PROG3I has been structured to read or to redefine these
values for each simulation run. Thus PROG1, PROG2 and BAND are

executed only once. Through PROG3I and PROG3, simulation for various
combinations of time steps and boundary values are carried out.
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PROG3 - This is the main program which calculates the potential head
using File-Q disk data generated by PROG1, PR0OG2, BAND and PROG3I.

Maximum efforts in computation of head are involved in formation of
element matrices, the system matrix and decomposition of the system
matrix into an upper triangular form. For a constant time step
simulation, the coefficients of the system matrix are invariant.
PROG3 has been structured to decompose the system matrix only at
changes of time step magnitude. For constant time steps, the
solution is achieved by recalculating the right-hand constant vector
as a function of boundary conditions, prescribed flux rates and

pumping stresses, followed by back substitution into the decomposed
upper triangular matrix.



4.0 MAIN FEATURES PROVIDED IN THE MODEL FOR CONVENIENT
MATHEMATICAL DESCRIPTION OF A GIVEN
GROUND-WATER SYSTEM

In contrast to surface-water supplies, ground-water reservoirs are
interconnected over large areas, and their definition and analysis require
difficult and extensive geologic investigations. Geologists and
geohydrologists usually define various layering patterns by a few typical well
logs (defining the vertical geologic section), interpreted cross sections and
contour maps showing top elevation, bottom elevation, and/or thickness of each
identified hydrogeologic unit in the given region.

To simplify the input data preparation, the model is structured on the
basis of two~dimensional surface elements and well logs at each node.
Three~dimensional finite elements, describing geologic stratification, are
generated by the model. Development of three-dimensional elements by the
mode1 ensures the continuity. Any discontinuity in adjoining
three-dimensional elements results mathematically in an insulated, no flux,
layer, thereby destroying the continuum.

Salient features of input data structure and steps involved in
mathematical representation of the given ground-water system are illustrated
below using the ground-water system beneath Long Island, New York.

1. Discontinuities, major breaks in slope or thickness, and fault zones of
the hydrogeologic units are some of the controlling parameters affecting
the ground-water flow regime. To define the geologic stratification for
a given ground-water basin, these controlling parameters are identified
by discrete nodes on each of the hydrogeologic units (Figure 4.1) and
then combined at the surface (Figure 4.2).

2. Additional nodes are placed along surface-water bodies (lakes, rivers,
seashore), at important recharge or pumping wells, and for further
subdidivsion of large uniform region (for defining variable infiltration
or pumping stresses).
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At locations where too many nodes are clustered together, a single node
is defined.

At each surface node, well logs are prepared by using contour maps of
hydrogeologic units. The depth increments are defined either in
elevation above a given datum or in actual thickness of each material.
The interface between materials is described as illustrated in

Figure 4.3.

According to the geologic and surface-water boundaries, the nodes are
joined by straight (1inear) or curved (quadratic or cubic) lines to
subdivide a given region into isoparametric, two-dimensional, mixed order
elements (Figure 4.4). Mixed-order, isoparametric elements enable a
mathematical description of straight, curved, or meandering boundaries
with a minimum number of nodes.

Using two-dimensional surface elements and well log details at each node,
three-dimensional elements (Figure 4.5) are generated by the computer
program.

Some of the stress conditions encountered in a ground-water system aFe:

a. potential boundary conditions, i.e., given water-level elevation of
lakes, ponds, seashore, etc.

b. vertical infiltration at the top of the ground-water surface
pumping (or recharge) at given well locations (node)

d. pumping (or recharge) for a given subregion (element) from a given
layer.

This model has the provision of defining time invariant and variant

i) potential boundary conditions, ii) vertical infiltration rate at the

surface and iii) pumping or recharge rate at a given location or element.
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WELL LOG AT SURFACE NODE 35

Well Log
Material &
Interface Material # Node #
Description Assigned to Assigned
in the Model Each Unit by Program Material Description
01 -------o- N e 35
;1\’ Upper Glacial Aquifer
0102 -------=---- e i Bt 1035 '
0208 < ooeeeeee A 2035 Gardiner Clay
4 Magothy Aquifer
90 - R Raritan Clay
6 Lloyd Aquifer
0600 ------------ o 6035

Interface = Top Material # x 100 + Bottom Material #

Node Number = Material # of which Node is Base x 1000 + Surface Node

FIGURE 4.3. Illustrative Example of Describing Interfaces

of Two Materials in Well Log (Vertical Section)
at a Node Location
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5.0 SUPPORTIVE PROGRAMS DEVELOPED TO VERIFY
THE INPUT DATA USED IN SIMULATION

Digital finite element models provide a flexible means of defining a
complex ground-water system. However, the probability of input errors always
exists in computer simulations. When dealing with a Targe number of nodes,
manual checking becomes tedious and time-consuming, and results are not
guaranteed to be free of errors. Some means of editing the input data prior
to simulation is essential.

Realizing the above needs as well as the fact that tabular output data
are not adequate, the following supportive plotting programs have been
developed. The input data deck initially designed for simulation is used in
all plotting programs.

5.1 PLOTTING OF NODE LOCATIONS, ELEMENTS, AND VERTICAL LOGS

The subprogram (PLOTEL) has been developed to plot the locations of each
node, two-dimensional surface elements, and the vertical log at each
location. Finite element solution of the governing partial differential is
obtained by Gaussian integration of each element. Any error in description of
an element (by defining the wrong node number or sequence of the nodes of an
element) results in an erroneous integration. Through this plotting package,
the user achieves a positive check on correctness of geometry of nodes and
finite elements.

The logs that describe the geologic section on which the three-
dimensional elements are generated by the program are another place where
errors can occur. To provide a visual check for the modeler and
hydrogeologist, geologic sections are drawn at each node location
(Figure 5.1). A dashed line is drawn to identify the elevations of sea bed.

A horizontal tick mark is placed at the interface of two hydrogeologic units
on the section. The material between these tick marks (representing thickness
of the hydrogeologic unit) is identified by an integer number assigned to the
material. By knowing the local stratigraphy, hydrogeologists can review these
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I1lustrative Sample Plot from PLOTEL

FIGURE 5.1.
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sections for errors. At locations where adequate data are not available,
solutions can be obtained by redefining the geologic sections with alternative
interpretations. Since three-dimensional elements are developed by the
computer program itself, another formulation of the given ground-water system
is easily obtained by changing vertical sections at disputed locations.

From the vertical sections and the element demarcations plotted by
PLOTEL, fence diagrams (Figure 4.4) can easily be developed.

5.2 CONTOUR AND THREE-DIMENSIONAL PLOTTING OF INITIAL HEAD,
TOP ELEVATION, AND THICKNESS OF MATERIALS

When dealing with large multilayered reservoirs, it becomes difficult to
evaluate errors from the tabulated printer output only. Contours and
three-dimensional plots of initial head, top elevation, and/or thickness of
each hydrogeologic unit provide a useful tool for proper verifications of
input and interpretation of the results. Most of the available computer
graphics packages are, however, applicable only to regular grid values, while
irregular grids usually are involved in finite elerent methods. To estimate
the regular grid values, the reference plane is divided into lTinear elements.
Using the principles of basis functions and search techniques, program GRIDIT
finds the element associated with each grid and its local coordinate values.
For a given basin, this program is executed only once to generate a binary
output disk file, used by GRIDIN and GRIDH. Program GRIDIN estimates grid
values of the parameter of interest (top elevation or thickness of any
material) from the input data file and prepares a regular grid file that can
be contoured or plotted three dimensionally by the normal available graphics
packages.

Figure 5.2 is a three-dimensional display of top elevations and thickness
of some of the hydrogeologic units defined in the input file. Instead of
three-dimensional maps, contour maps (Figure 5.3) or maps with grid value
(Figure 5.4) can be generated for each of the parameters. The illustrative
examples in Figures 5.2 through 5.4 are for the entire region. For detailed
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Contour map showing the ELEVATION OF BEDROCK
as interpoiated from input data of 3-D finite element
ground water model of Long Island, New York

Contour interval 25.0 meters

5 ] 5 10 15
1

25
i

o
<]
&
8

S 0
[EEE N

25
]

KILOMETERS

MILES

FIGURE 5.3. Illustrative Example Checking the Input Data by Use
of Program GRIDIN, Which Uses the Same Input File

as Used for Simulation




8-G

Top altitude of RARITAN CLAY in meters as inter-
polated from input data of 3-D finite element

ground water model of Long island, New York, Datum

s mean sea level.

AGOD TP 24 14,71 -ZO.26 AV TT 116 M -147.9 —184.3 13,7 - i6H6. 6 -Z08.T  -27w o3 -T
A 3CA -43. 1% -3§.23 -26.63 A9 O -133 3 -160. 7 ~199 6 1745 -20%.6 -22T.1 231 ¥ -ZHh.1 -2ID 5 -r7a —Teg.

-21 @z -2a 1A -G3.z3 -va.e3 -1312 C -—1%4

[ S | ? |D 115 2lo 42l5 MLES
?l 111 ? AD l15 2l0 215 KLOMETERS

FIGURE 5.4. 1IT1lustrative Plot of Grid Values from Program
GRIDIN Output Using Input Data of Three-Dimensional
Ground-water Model of Long Island, New York




review, each subregion can be plotted separately. These plots provide a good
check for input errors, resulting in sharp peaks, clustering of contours, or
in discontinuity of particular hydrogeologic units. Because these are plotted
from the same input or output files used in simulation, the plots provide a
tool for proper interaction between modelers, geologists, hydrologists, and

decision makers.

5.3 PLOTTING HELD POTENTIAL AND PRESCRIBED FLUX BOUNDARY CONDITIONS

Ground-water simulation is a boundary value problem, and, therefore, the
results are functions of the held potential boundary conditions, as well as
the flux stresses prescribed for the surface, nodes, and elements. Program
PLOTBC plots the locations and values of held potential boundary conditions.
PLFLUX plots the stresses prescribed for ground surface and in each element of
each hydrogeologic unit. Because surface infiltration is usually described in
terms of fraction of precipitation, the units of input are rate per unit area
per unit time, while withdrawal and recharge from each element are in units of
volume per unit time for that subregion.

5.4 DISPLAY OF RESULTS

Program GRIDIN was developed to estimate the head values at regular grid
spacing for any given plane (at the surface or bottom of a hydrogeologic
unit). From the data retrieved by GRIDH, contour maps, grid display, and/or
three-dimensional plotting (Figures 7.4 and 7.5) can be accomplished. Program
DIFH estimates the difference between a given set of potentials (measured or

prescribed) to model predicted potentials.

5.5 ROLE OF THE SUPPORTIVE PROGRAM

During the last decade, major importance has been placed on displaying
the capabilities of various digital models. Usually modelers and local
hydrogeologists have very limited collaboration, except that modelers obtain
the data from hydrogeologists and the results of the model are used by the
hydrogeologist with some reservations. If the ground-water simulation has to
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be used as a predictive tool, adequate interactions among various agencies are
essential. Through these graphics and grid value displays (which can be
enlarged for a given subarea), input and output can be examined and reviewed
by the various disciplines. It is expected that with close collaboration, the
probability of erroneous input can be reduced. The models capability of
simulating complex md]ti]ayered systems along with these the supportive

programs makes this modeling system particularly effective for field
applications.
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6.0 VERIFICATION AND SENSITIVITY ANALYSIS
WITH ANALYTICAL SOLUTIONS

Since three-dimensional analytical solutions are not available for
checking the algorithm used in the three-dimensional, finite element ground-
water model, the verification of the three-dimensional model was accomplished
using two-dimensional or quasi three-dimensional analytical solutions.

6.1 VERIFICATION WITH THE THEIS NONEQUILIBRIUM EQUATIONS

The Theis nonequilibrium equation [Equation (6.1)] defines unsteady
radial flow to a well pumping at constant rate in an infinite, homogeneous and
isotropic aquifer. It is a two-dimensional solution and the three-dimensional
model can handle two-dimensional cases by prescribing identical boundary
conditions for the top and bottom layers.

an

-U
/4T fﬁu;‘“ (6.1)
u

= o
1
= o
1]

[t
il

r2 S/4Tt

drawdown, L

well discharge, L37-1

transmissivity, L27-1

distance from pumping well to observation point, L
storage coefficient

pumping time, T

1

&+ »n 3 4 O T
]

i

Because of the symmetry of radial flow to a single pumping well, a
pie-shaped wedge was modeled with finite elements. A 22.5° angle,
representing 1/16 of the influenced area, was selected. By necessity, the
aquifer is required to be bounded at a large distance from the well in a

finite element program. This was achieved by prescribing exponentially
increasing distances from the well (Figure 6.1).
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FIGURE 6.1.
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Diagrammatic Representation of Exponentially
Increasing Nodal Arrangment Used for Finite

Element Solution



Numerical test cases were run for sensitivity analysis using
exponentially increasing time increments (Table 6.2). Figure 6.2 compares the
finite element solutions with the analytical Theis equation. A1l the cases
gave results comparable to the analytical solution.

6.2 VERIFICATION WITH TWO-DIMENSIONAL ANALYTICAL SOLUTION, PATHS

The analytical solution PATHS,(15) Equation (6.2), defines potential
distribution in an aquifer system (Figure 6.3) having initial uniform
gradient, large remote radial boundary, and caverns (cylindrical reservoirs)
with a given head above the water table.

2
U (r )" x H 2 2
o= Hy - U x+ 250 oo 9 R In 2L—%}JL— (6.2)
(x= + y%) In (———) 0
r
0
where:
Units
¢ = ground-water potential L
Uy = head in the reservoir with center at
x=0,y=0 L
Hy = initial uniform gradient of the lateral flow L/L
Yo = radius of the cylindrical reservoir or cavern L
R = large radial distance to the remote outer
broundary L

Equation (6.2) is written without any source/sink terms; however,

serpen and cyclic pumping or injection wells can be simulated as shown in
Figure 6.3.

Test Case

A single rectangular aquifer (30,000 ft x 24,000 ft) with a cavern
(reservoir) of 2000-ft radius located 21,000 ft from the lower left-hand
corner of the region was selected as a test case. Because of the symmetry
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TABLE 6.1. Variable Time Steps Used

Elapsed
Step Time T
Number (Days) (Days}

1 0.1000E-04 0.1000E-04
2 0.5000€-04 0.4000€-04
3 0,2100E-03 0.1600E-03
4 0.8500€-03 0.6400€£-03
5 0.3410E-D2 0.2560E-02
6 0.1365E-01 0.1024€-01
7 0.5461E-01 0.4096E-01
8 0.2184 0.1638
9 0.8738 0.6554
10 3.495 2.62}
1" 13.98 10.48
12 55.92 41,94
13 223.7 167.8
14 894.8 671.1
15 3579, 2684,
16 0.1432E+05 0.1074E+05
17 0.5727E+05 0,4295E+05
18 0.2291E+06 0.1718£+06
19 0.9160E+06 0.6869E+06
20 0.3665E+07 0.2749€+07
21 0.1466E+08 0. 1100E+08
22 0.5864E+08 0.4398€+08
23 0.2346E+09 0.1760E+09
24 0.9382E+09 0.7036E+09
Ly,
ETTTIm T I T 71Ty T 11100 TIHIIIII | lllnﬂ
— —
- -
~
a3 - ANALYTICAL .
% - 0000 FINITE ELEMENT _]
—J
Z —
()
—
[6p)]
E 1
i 10. | |
= — —
() - _
— | —
< I~
35 —
=
L
T ]
[am
(am)] — —
m [
10. 1 ulUJJ] 1 ILUUJJ | HHHIJ | lllUlll | IHJLIJI L

e 1o w? 1w 1wt 100 108

TIME (DIMENSIONLESS)

FIGURE 6.2. Analytical and Finite Element Solutions of Theis Equations
Drawdown Versus Time
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UNIFORM

GRADIENT \

/ STORAGE
/ RESERVOIR

v
|||| INJECTION WELL
.I. AT X5 ¥y
.l \ (INFLOW RATE, Q)
EFFECTIVE

HYDRAWLIC
CONDECTIVITY

PUMPED WELL
AT X Y
\ (WITHDRAWAL RATE, Ql)
N

FIGURE 6.3. Example PATHS Model Region(36)

of the region, only half the area was simulated. It was assumed that the
regional water table had a uniform gradient of 0.001, and the head in the
cavern was 25 ft above the water table at the center of the cavern.

An example PATHS model region is shown in Figure 6.3. A three-
dimensional display of the steady-state analytical (PATHS) solution over the
complete region for the single aquifer system is shown in Figure 6.4. Because
of the limited size of the test case region, the additional driving head in
the cavern affects the flow pattern (Figure 6.4) along the boundaries (except
the line of_symmetry). Therefore, the three external boundaries have to be
considered as held potential boundaries in the finite element solution.
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For verification and sensitivity analysis, the effects of grid density,
element orientation to flow pattern, and order of elements were studied. The
maximum difference (actual difference divided by the imposed head in the

cavern) between the analytical and numerical solution for each test case was
compared.

LY

Grid Density

Sensitivity analysis of grid density was conducted using combinations of
square and radial elements. With the cavern (major source) being circular,
radial elements were selected near the cavern and square elements in the
remaining portion of the region. Test cases of the combined square and radial
pattern consisted of 6000, 3000, and 1500-ft square elements coupled with
radial linear elements with two node spacings: 1) constant (Figure 6.5), and
2) variable (progressively increasing by a factor of 2) (Figure 6.7). The

intention of variable spacing was to increase nodal density in areas of
steepest gradient.

FIGURE 6.4. Three-Dimensional Representation of the PATHS
Steady-State Analytical Solution
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The finite element results compared closely with the analytical solution
(Figure 6.6) even for the coarse grids (Figure 6.5a and 6.7a). For all test
cases, progressive spacing of radial nodes near the cavern performed better
than the equidistant spacing. The location and magnitude of the maximum
difference between analytical and finite element solutions are indicated on
the figures of the test cases.

Since the maximum difference was in the region of steepest gradient
(i.e., around the cavern), additional studies were conducted by increasing the
number of radial nodes/elements (variable spacing) for the coarse grid pattern
(i.e., 6000 ft). Test cases with 2, 3 and 5 concentric rings are shown in
Figures 6.7, 6.8a, and 6.8b, respectively. The maximum difference decreased
with increasing density; however, the amount of improvement rapidly decreased
and became almost negligible for 5 rings, as compared to 3 rings.

Element Orientation

Element orientation studies consisted of a radial element pattern over
the majority of the region and square linear elements (6000-ft node spacing)
elsewhere. Two cases consisting of equidistant (Figure 6.9a) and
progressively increasing (Figure 6.9b) spacings were studied. The progressive
spacing case reduced the maximum difference by 1/3 over the equidistant
spacing case. For an equal number of nodes, the radial pattern (Figure 6.9)

had Tower maximum difference than the combined square and radial grid pattern
(Figure 6.7).

Element Order

Using the identical nodal pattern of Figure 6.9b, the region was
simulated with mixed-order elements (Figure 6.10) involving quadratic and
cubic sides. This reduced the number of elements for a given number of nodes
The mixed order element did not improve the results. A summary of the results
for all test cases is shown in Table 6.2.

Conclusions

Three basic conclusions can be drawn from this verification and
sensitivity analysis:
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(@)] s maxIMUM DIFFERENCE -.025

(D) 2 MAXIMUM DIFFERENCE - .019

(c) % MAXIMUM DIFFERENCE - .013

FIGURE 6.5. Combined Square (a) 6000 ft, (b) 3000 ft,
and (c) 1500 ft and Constant Radial Pattern
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——— FINITE ELEMENT MODEL SOLUTION
PATHS MODEL SOLUTION

‘\\\\\\\\\\\\\“-\

rlﬂ. [ ]

—100.0
-—108.0
-—100.0

—116.0

FIGURE 6.6. Comparison of Analytical Solution (PATHS) and

3-D Finite Element Solution for Grid Pattern
Shown in Figure 6.5(c)
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(@) % MAXIMUM DIFFERENCE -.023

(b)| % MAXIMUM DIFFERENCE +.019

(€) | ¥ MAXIMUM DIFFERENCE -.009

FIGURE 6.7. Combined Square (a) 6000 ft, (c) 3000 ft, and
(c) 1500 ft and Variable (2 layers) Radial Pattern
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Bl

(a)

(b)

% MAXIMUM D IFFERENCE =.020

% MAXIMUM D IFFERENCE =.019

FIGURE 6.8. Combined Square (6000 ft) and Radial Element

Pattern with (a) 3 and (b) 5 Layers of Nodes
Around the Cavern '
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(a)| % MAXIMUM DIFFERENCE - .03

NN

N

(b) ¥ MAXIMUM D IFFERENCE =.013

FIGURE 6.9. Radial Element Pattern with (a) Constant
and (b) Variable Node Spacing
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% MAXIMUM DIFFERENCE =.014

FIGURE 6.10. Radial Element Pattern with Mixed
Order Elements

The three-dimensional, finite element ground-water model results compare
closely with the PATHS analytical solution.

Increasing grid/element density appears to be the most influential factor
in reducing the differences between the numerical and analytical
solutions.

Primary differences between numerical and analytical solutions occur in
areas of highest potential gradient, and therefore, increasing

node/element density in these regions has the greatest impact on reducing
differences.
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TABLE 6.2. Summary of Results

Element  Number . Number of Concentric Maximum Difference/
Pattern of Number of Rings of Elements Change in Head at
(Fig.) Nodes Elements Around Cavern Cavern (ft/25 ft) Comments

6.5 (a) 38 25 2 0.025 Equidistant spacing

6.5 (b) 113 88 2 0.019 Equidistant spacing

6.5 (c) 409 328 2 0.013 Equidistant spacing

6.7 (a) 38 25 2 0.023 2N spacing

6.7 (b) 13 83 2 0.019 2N spacing

6.7 (¢) 409 328 2 0.009 2N spacing

6.8 (a) a2 28 3 0.020 2N spacing, increase
cavern nodes

6.8 (b) 50 k! 5 0.019 2N spacing, increase
cavern nodes

6.9 (a) 82 63 5 0.036 Equidistant spacing

6.9 (b) 82 63 5 0.013 2N spacing

6.10 82 29 5 0.014 Mixed order elements

6.3 VERIFICATION WITH HANTUSH SOLUTION FOR NONSTEADY FLOW TO FLOWING WELLS IN
LEAKY AQUIFERS

Hantush(4,17) developed an analytical solution to determine the
drawdown distribution in the vicinity of a steady well draining an elastic
artesian aquifer confined by semipervious elastic strata. Well discharge is
supplied by reduction of storage in the aquifer and by leakage from the
semipervious layers. The leakage is obtained from reduction of storage in the
semipervious elastic beds or from other bodies of water over and/or underlying
the semipervious beds or from both sources. The hydraulic conductivities in
semiconfining layers have to be very small compared with those in pumped
aquifers, so that flow is vertical through the semiconfining beds and
horizontal in the main aquifer. In other words, the completely refracted
leakages are considered to be uniformly distributed throughout the horizontal
flow in the main aquifer (Figure 6.11). Using exponentially increasing nodal
distances from the well location (Figure 6.1), and exponentially increasing
time from the initial time (Table 6.9), a finite element simulation of the

Hantush problem was performed. Figure 6.12 compares dimensionless drawdown
and dimensionless time at radius 1.0 m, 2.718 m, and 7.389 m.
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_________ [ __ __WATER TABLE AQUIFER
—s «  WITH CONSTANT POTENTIAL
V|| ¢ AQUITARD
—>—> | e AQUIFER (PUMPED)
d N AQUITARD
— — AQUIFER WITH

CONSTANT POTENTIAL

FIGURE 6.11. Schematic Representation of Simulated
Leaky Aquifer
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7.0 SAMPLE ILLUSTRATIVE PROBLEMS

In Sections 4.0 and 5.0, application of the model to the ground-water
system beneath Long Island, New York, was illustrated. The Long Island
ground-water basin is one of the most intensively monitored systems.
Interpreted contour maps showing thickness and top elevations of major
hydrogeologic units were available to follow the logic described in those
sections.

For simulation of some hypothetical site, or for a given ground-water
system with an adequate number of well log data penetrating all the aquifers,
the input data for the system can be prepared using the well locations as
nodes. Two such examples are illustrated below.

7.1 SUTTER BASIN, CALIFORNIA

Curtin,(18) on the basis of electric logs from more than 400 wells,
infers that fresh water which is recharging at Sutter Buttes rises through the
Sutter Basin fault (Figure 7.1 and 7.2), creating a salt-water mound. Using
36 well logs, the finite element grid (Figure 7.3) was created(lg) that
described the multilayered system. By changing the material properties and
the Tayering in fault zone, the sensitivity of three-dimensional modeling was
tested. To illustrate the effects, the bottom of the post-Eocene nonmarine
deposit and top of Kione formation are taken as reference planes. The results
of the following three trials are discussed briefly.

Trial 1: no layering (all the elements are assumed to be composed of
post-Eocene nonmarine deposits)

Trial 2: Tlayered system as shown in Figure 7.2

Trial 3: same as Trial 2, but vertical fault (below element 22)
considered as composed of post-Eocene nonmarine deposits (i.e.,
no layering in fault zone)

Figure 7.4a illustrates the results of no layering (Trial 1) similar to
the results obtained from two-dimensional simulation. Figure 7.4b illustrates
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FIGURE 7.1.

Location of the Vertical Fault and Water Table Contours

(in meters) in the Sutter Basin Study8§rea. Geologic
Section A-A' is given in Figure 7.2.}
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Estimated Hydraulic Heads (h) at the Base of the Post-
Eocene Nonmarine Deposits. Figures a, b and ¢ are
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layering including a vertical fault, and 1?g§ring not
including a vertical fault), respectively.



the results of Trial 2. A comparison between Figures 7.4a and 7.4b reveals
the results as expected because of layering. In Figure 7.4a, the high mounds
are as expected, since the head is a function of the elevation of the bottom
of the post-Eocene deposits. But, with the introduction of the semiconfining
layers of Capay Shale, Sacramento Shale, and Winters Sand and Shale in

Trial 2, head distribution completely changes. The effect of the fault zone
is depicted by increased head values in its vicinity.

Figure 7.4c shows the head values estimated at the bottom of post-Eocene
nonmarine deposits under the same conditions as those in Figure 7.4b, but the
vertical fault zone is considered to be composed of alluvial fill without
layering. The effect of this minor change can be seen by observing the
gradual dissipation of the head around the mound on the fault zone.

The top of the Kione formation was considered as another reference
plane. The Kione formation is found at each location in the basin and is the
prime formation responsible for the transport of the connate water.

Figure 7.5a depicts the estimated head without layering, Figure 7.5b the
estimated head of Trial 2 (with layers), and Figure 7.5c the head at the top
of the Kione formation without layering in the vertical fault zone. Also
clearly shown is the effect of the gradual widening of the trough around the
fault zone removal of the layering only in the element 22 series (which is a
very small fraction of the whole basin).

7.2 HYPOTHETICAL WASTE REPOSITORY IN A REPRESENTATIVE SALT FORMATION

To examine the consequences of the accidental release of radionuclides
from a hypothetical nuclear waste repository located in a generic salt
formation, a three-dimensional, finite element, ground-water model was used to
define hydrologic flow details. A hypothetical stratigraphy above the salt
zone (Figure 7.6) was assumed. The strata overlying and surrounding the salt
contain water, but are not considered prolific aquifers. At depth, in the
limestone/sandstone aquifer, the water is considered to be a brine and,
therefore assumed not to dissolve the salt. Hydraulic gradients of 1 m/1 km
were assumed for all aquifers systems. The average permeabilities, range
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FIGURE 7.5,

Figures a, b, and ¢ are the compute results for
trials 1, 2, and 3, respectively.(8
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TABLE 7.1. Hydrogeologic Parameters for Generic Salt Stratigraphy

Hydraulic Unit
Conductivity, Porosity Weight

Rock Type (cm/sec) Range (cm/sec) % (kg/m35
Unconsolidated sand, 6.8x10-3 1x10-7 - 1x10-2 20 1,700
gravel, and silt
Calcareous shale 1.2x10-5 1x10-10- 1x10-3 13 2,300
partLy sandy
Sandstone 8.1x10-5 1x10-10- 1x10-2 20 2,400
Dolomite 8.1x10-5 1x10-10- 1x10-2 20 2,750
Cherty limestone 5.8x10-5 5x10-8 - 1x10-3 20 2,600
Dolomite, some 5.8x10-5 5x10-8 - 1x10-3 20 2,800
anhydrite
Interbedded shale 6.8x10-6 1x10-10- 1x10-3 20 2,500
and dolomite
Salt 2x10-18 2x10-21- 1x10-8 0.5 2,160

of permeabilities, and average porosities for each of the materials are listed
in Table 7.1. The regional discharge site for the water within the various
layers is assumed to be a river 5 km from the center of the repository.

Figure 7.7 shows the plan of the model region. Since simulation of the
X-Z zone (Figure 7.8) was attempted, only single layers of the three-
dimensional elements were used. Figure 7.9 is the three-dimensional view of
the hydrologic model; Table 7.2 lists hydrogeologic input parameters; and
Figuré 7.10 shows the contour plot of the model-predicted vertical
ground-water potentials with superimposed streamlines.
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TABLE 7.2. Finite Element Model Hydrogeologic
Input Parameters Used in Hypothetical
Nuclear Waste Repository
Hydraulic
Conductivity,
Layer Rock Type Thickness, m m/day Porosity, %
1 Unconsolidated sand, 10 5.9 20
gravel and silt
2 Calcareous shale, 30 0.01 13
partly sandy
3 Sandstone, dolomite, 160 0.06 20
cherty limestone
4 Interbedded shale 50 0.006 20
and dolomite (salt
caprock)
4a Fractured interbedded 50 0.06 20
shale and dolomite (salt
caprock)
5 Salt Infinite 0.00006 0.5
5a Fractured salt 450 0.06 20
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8.0 USER'S MANUAL FOR THREE-DIMENSIONAL,
FINITE ELEMENT, GROUND-WATER MODEL

8.1 BRIEF DESCRIPTION OF PROVISIONS AND LOGIC USED
IN DESCRIBING THE PHYSICAL SYSTEM

This program has been developed for three-dimensional simulation of large
multilayered ground-water basins on the PDP-11/45 computer. The main
objectives and provisions of the model are to simulate multilayered ground-
water systems. The prime use of the model will be to anticipate the response
of the flow system to natural recharge from rain, and various expected and
proposed stresses of pumping and/or recharge through wells and streams.

Attempts have been made to accommodate various conditions encountered in
the field. The input data are simplified for use by engineers and geologists
without specific knowledge of finite element procedures. In general, the
field data required are as follows:

Properties of Geologic Formations

Various materials encountered in the basin are required to be identified
numerically. The values of the permeability of each material in the x, y, and
z directions can be read directly as hydraulic conductivities or in terms of
intrinsic values. In the latter case, the user has two options: 1) estimate
temperature as a function of depth followed by viscosity calculations as a
function of temperature or 2) consider the temperature and salt concentration
effects on viscosity. Since this is a water-flow model, concentration as a
function of changes in the ground-water pattern is not updated.

Location of Nodes

Node location is based on the decision of the field hydrologist
conversant with the ground-water system. In general, all of those major
features which affect the ground-water flow of a region have to be accounted
for by a node location. In brief, some of the parameters which must be
defined are:



1. demarcation of the project boundary and surface-water bodies, such as
seashore, lakes, ponds, streams

2. sharp changes in elevation of top, bottom, or thickness of various
geologic formations

3. selected well sites penetrating all geologic formations; major pumping or
recharge wells which are used as a prescribed flux boundary condition
(B.C.). (If there is a cluster of these wells in some area, demarcation
of each well as a node may unnecessarily increase the cost and in such
situations, these wells can be considered as a source or sink within a
given element.)

4. approximate dividing line of ground-water flow.
other physical features affecting the ground-water levels of the region.

c) MWell Logs

Vertical log details at each specified node at the surface include x and
y coordinates, total system thickness at this location, depth to water table,
number of layers, depth or elevation of each interface between two geologic
materials, and identification of each interface by two numbers (e.g., 0205
stands for material number 2 on top and 5 on bottom). The well data
themselves are used for nodes located at well sites. For other nodes, such
information has to be obtained or interpolated from the contour maps of
thickness or elevation of each formation.

d) Subdivision of the Basin in Mixed-Order, Two-Dimensional
Finite Elements

It is very difficult to subdivide large multilayered basins into
three-dimensional elements. If proper continuity is not maintained between
two adjacent element sides, mathematically the solution responds as if there
is insulation between the two elements. To eliminate such computing errors,
three-dimensional elements are generated by PROG1 based on the details of the
various layers defined at each node.

The entire region is divided into two-dimensional, mixed-order
isoparametric elements. Generation of a two-dimensional mesh within a simple

8-2



ground-water basin can be accomplished easily through a computer program.
However, this program is basically written for handling large multilayered
basins which usually have complex layering and geometry. As a result of this
complexity, the decision as to how to divide the basin into two-dimensional,
mixed-order elements is left with the user.

8.2 DIMENSION LIMITS OF PRESENT MODEL

At present, the program is set for following maximum dimensions.

total number of surface nodes 768
total number of nodes in the system 2560
maximum number of layers in a well log 20
maximum number assigned to the materials 99
maximum number of potential B.C. 768
maximum number of nodes located on streams 128
maximum number of nodes with prescribed flow ’

boundary conditions 128
maximum number of non-zero nodes in an element 20
maximum number of unknown nodes 2048
maximum bandwidth of non-zero elements in

decomposition to upper triangle 128
maximum number of surface elements 768
maximum total number of elements 2000
maximum number of time steps 70

The above dimensions were used to meet the need for the simulation of
multilayered ground-water reservoir of Long Island, New York. If required,
the above maximum 1imits can be increased by changing the allocation of space
on the File-Q disk.

8.3 DATA PREPARATION FOR EACH SUBPROGRAM

Preparing input data for a program that has been developed by others can
be very difficult. To simplify this process, the input data requirements are
shown by a simple flow chart which gives the sequential manner in which



different variables are to be read. For each read statement, the prescribed
format is defined and a brief description of each variable is given in the
following text. Typical examples, along with the complete listing of the
input data, are given. It is recommended that these simple examples be used
to become familiar with the data preparation process.

PROG1 - Most of the data for a given system are input by this program. The
flow chart (Figure 8.1) illustrates the preparation of the data and Table 8.1
gives a description of the variables. The print options (0, 1, 2, 3, 4, 5)
are entered through a remote terminal.

PROG2 - There are no input requirements, except defining the disk unit and
print options. For simulation of new problem use NPRINT = 1 and check the
area of each element. If it is negative there is error in defining nodes in
anticlockwise direction.

BAND - There are no input requirements, except defining the disk unit and
print option.

PROG3I - The required details of the input data are shown by the flow chart
in Figure 8.2. Table 8.2 gives a description of the variables.

PROG3 - The input data for this program are read in PROG3I through a remote
terminal. The following input data are required:
NPRINT = 0 - generates no line printer output, but writes on the disk,
= 1 - prints the head value of each node at the end of the time
step,
NBEGIN = 1 - for normal start,
= 2 - if element matrices were formed earlier and computer crashed
in SYSMAT,
= 3 - to start program from MREAD. Usually UPPERT takes
considerable computer time for decomposition of the system
of linear equations to upper triangle form and if the
computer crashes, the user will have to start with MREAD.
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if UPPERT was stopped by switch "0" in "ON" position,
program asks for one more parameter, NREDO, which should
be T if UPPERT was stopped by switch "0",

for additional solution with a different stress case
after UPPERT has been fully executed,

for starting PROG3 in BACKSUB. This is not usually
needed except on abrupt crash in BACKSUB of PROG3.

for printing the results of simuiation,

starting time step. Usually it is equal to 1. In case of

a transient run, this option can be used to restart the
PROG3 at other time steps.

Figure 8.3 is the sampie illustrative copy of the commands operated

from the terminal.
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TABLE 8.1. Explanation of Some Symbols Used in

Fliow Chart of PROGI

TITLE = Title of the project in 72 characters.
NPRINT = flag for printing various levels of output.
=0 - generates only disks and no lineprinter output.
=1 - writes only the details regarding total number of nodes,
element, unknown, etc. required for checking the dimensions
of the parameters.
=2 - prints the coordinates of surface nodes in addition to the
above.
=3 - prints all the nodes generated by the model for the given
system and details regarding surface elements.
=4 - prints the same output as "2" but in addition, a copy of the
cards is also printed to trace the errors in input data.
=5 - generates output of all the nodes and all the elements.
NZELEV = flag for identifying the depth elevation data of each layer.
=0 - for depth data for each layer in each vertical section.
=1 - for elevation of each layer in each vertical section.
KTYPE = flag for identifying K values.
=0 - if hydraulic conductivity data are read.
=1 - if to be estimated from temperature-depth relationship, then
K is intrinsic permeability values.
=2 - if concentration data at each depth are to be read for K
estimation. To use this option, one printout from
NPRINT = 3 and KTYPE = 1 may be made for node identification.
PERCON = factor for converting K values.
XYCON = factor for converting x and y coordinates.
ZCONV = factor for converting z data.
HCONV = factor for converting head data.
NSEA = flag for sea boundary conditions.
= 0 - normal.
=1 - for accounting for sea-water density.
NOTE: Sometime same variable is used for different parameters. Therefore, the

1ist of variables is given in the same order as they are listed in

Figure 8.1.
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NSEC

I
AMATER
D1,D2,D3
THETA
BETAP
PZERO
ALPHA
SPEC
TSURF
TEACHZ
RRHO
TRHO
TCOEF
TVISC
CONS

FACT

NVISC

BR
TTEMP
CON
VISC

XX
YY
WTT

TABLE 8.1. (contd)

flag for termination of one type of data.

material number assigned.

72 character description of material.

are K-X, K-Y, K-Z, OF MAT #I.

porosity of Mat #I.

compressibility of 1liquid.

reference pressure at which THETA is measured of Mat #I.
compressibility of the medium of Mat #I.

specific yield of Mat #I.

surface temperature

increase in temperature each unit depth.

aquifer fluid density with O concentration.

reference temperature of RRHO

coefficient of expansion per unit change of temperature
viscosity of aquifer fluid at TRHO

constant to estimate hydraulic conductivity in given unit
gravity term (inappropriate unit)/FACT

factor for converting centipoise to other units

3.6 to kg/mhr

6.72 x 10-% to 1b/ft sec

2.419 to 1b/ft hr

number of points describing concentration versus viscosity
relationship ;
regression coefficient of viscosity and temperature relationship
temperature at which concentration viscosity relationship is given
concentration (ppm)

viscosity (cp)

node number (less than 1000) of surface.

x coordinate.

y coordinate.

water table elevation at surface. Water table elevations of nodes
below the surface node are set equal to this. This can be modified
by reading the actual measured values as described later.
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BED
NBB

LMAX
LL

11

NSEC
HEAD
CONCEN*
NODB
BIV
NFF
STREAM
NF
ELEV
NODBF
BIVF

K

N1

TABLE 8.1. (contd)

depth to bottom of ground-water regime.

4, if corner node of the element.

5, if midnode of the element.
This parameter will be used for plotting purposes in the future.
For now it can be left blank.
maximum number of layer interfaces (layer + 1) at this given node.
identification of interface of various layers - two integers for
each material, e.g., "0205" means upper material at the depth is
#2, while #5 is the lower material.

elevation of each interface if NZELEV = 1.

depth increment, if NZELEV = O.

1, if piezometric head is to be read.

initial condition.

salt concentration in PPM of all nodeé.

node # having prescribed head boundary condition.

value of B.C. at this node.

number of points in the stream.
four character name of stream.

node numbers on the given stream.

elevation at given NF.

node number having flux B.C.

prescribed flux M3 T-1,

element number at surface 1000.

element order, if sides are of same order (1, 2, and 3,
respectively for linear, quadratic or cubic).

0 - if the element is mixed order.

* Note:

For preparing these data, first get output with NPRINT = 3,
KTYPE = 1, and NSEC = 1 after coordinate data cards. This
will print all the nodes generated. As these data may need
too many cards, the option for format is left to the user.
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TABLE 8.1. (contd)

NN = total number of nodes including zero following the code given below.

NOD = node number.

MIXNOD = order of each corner, if N1 = 0 and defined by three integers:
first (hundredth position) denotes ¢ side of element, second (tenth
position) is for r; side, and third (unit position) for ¢ vertical
(at present this should be equal to 1) as shown in the following
example.

12
3
4 11
7
2
1
5
MIXNOD for corner 1, 2, 3, and 4 are 221, 211, 311, and 321,
respectively.
NN = 12.

(NOD(I), I =1, MN) are 1, 2, 3, 4, 5, 0, 7, 0, 0, 11, 12.

Note: The above illustration is for location, while data for NOD actual
node numbers read may be as given below.
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TABLE 8.1. (contd)

25 2

37

3 ___'/

36

35, 37, 28, 25, 36, O, 30, O, O, O, 26, 27.
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TABLE 8.2. Brief Explanation of Symbols Used in Flow Chart
for Input Data of PROG3I

DETAIL
NPRINT

80 character description of the trial run.

Flag for controlling various levels of output.
= 0 omits most of the print statement.
= 1 prints the minimum required information; normally this value
should be used.
NSTEDY = 0 for steady state solution.
= 1 for transient solution.
ITOTAL = Number of times to which a transient solution is required to be
carried out.
= 0 for steady state.
NQWCP = 1 for no change in sources or sinks of each element, then read in
PROG1.
= 2 for reading constant source or sink.
= 3 for reading new source or sink for each time step.
NQ =1 if no surface flux is prescribed.
= 2 constant surface flux for all time step or steady state.
= 3 variable flux for every time step.
MNTRY = parameter provided for simulation of whole basin as homogeneous
material.
= 0 for normal simulation using hydraulic properties of the assigned
material to each given element.
= 0 for simulation of whole basin as homogeneous material. The
program overrides previously assigned material numbers of each
element by the value of MNTRY. This is a useful numerical study if
normal simulation with highly confining layer causes unreasonable
solution.
NHBOND = O for constant potential boundary conditions.
= 1 for time variant potential boundary condition.
NTEXP = 0 for reading total elapsed time for each transient.
= 1 for geometricly increasing elapsed times. Only initial time and
FACT are read.
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TABLE 8.2. (contd)

FILENAME = Name of Binary File.
Record 1 = Number of points (NBTT) and conversion factor (conv)
Record 2 = Potential Boundary Condition for time Step 1.
Record TTOTAL +1 = Potential Boundary Conditions for time step
TTOTAL.
FACT = Geometric time increment, i.e., DELT(I) = DELT (I-1)*FACT
TT = Total Elasped Time from Start.
CONVER = Convergence factor.
SUMQ = Total volume of source or sink for each element.

Q = Prescribed flux per unit area for each surface element.
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FIGURE 8.3. Sample of the Remote Terminal Input
Required to Run the FE3DGW
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8.4 USER'S MANUAL FOR "PLOTEL"

This program plots node location, two-dimensional surface finite elements,
and the vertical logs using the input file used for simulation. Prior to
making simulation runs, it is desirable to check the node location, element
description, and vertical logs.

This program has been structured such that it serves as a tool to test
the input data at various stages. For simulation of a new ground-water reser-
voir, the user may like to check only the node location first. By assigning O
to switches NELEMP and LOGS, only the node location is plotted. This plotting
may be useful to check the coordinates of each node and to define a given
region with two-dimensional, mixed-order surface elements.

At the second stage of checking, the user may set switch NELEMP = 1 to
plot the elements. Invariably it may take two or three runs with this option
to remove the errors in element delineation. For the convenience of the user,
the node numbers and the element numbers are plotted on the map. To distin-
guish between these two numbers, element numbers are slightly larger and are
assigned a different color.

Once the elements are defined correctly the switch LOGS is set equal to
1 to plot the logs. For surface below mean sea level, the vertical log is a
broken line. Each interface of the materials is distinguished by a horizontal
tick mark along with material identification numbers for each hydrogeologic
unit.

Input data for PLOTEL are as folows:

NHEAD = flag for plotting head values of a given material
(0 = No, 1 = Yes)

NPRINT = Print option (= O normal, = 1 for debugging)

If NHEAD = 1 the following additional information (FILE, NMAT, NTOP) is
required. Because the model is three-dimensional, user has to choose a
given material number whose associated HEAD values (top or bottom) are
plotted at appropriate location.
FILE = Name of file created using program "HCOPY" for the given time
step.
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NMAT = Material number (if user desires to plot top or bottom head
values on the given basin, this is specified as "0")
NTOP = flag to specify associated head values with top (= 0) or bottom

(= 1) for the given layer.

"PLOT CONTROL FILE" is another file which user specifies on the
terminal. A sample of this control file is given below. This control
file is structured to read some dummy lines (for user's I.D. variables
followed by the 1list of variables.

Line Number

INPUT FILE USED FOR SIMULATION OF FLOW 1
HAIN3.0UT 2
NDEX,NELEMP ,NDEL ,SZNOD,SZELE ,KELEM 3
991399'19°13g 4
FACTOR, XXMIN, YYMIN 5
.0901,15000.,0. 6
LOGS ,MSL,I1S0O,FACTZ,ZMINUS,ANGLE (RADIAN),YINCREASE ,LAYER# 7
1,0,1,1,.0004,0.,1.04,1.0,0 8

9

NPEN1,NPEN2,NPEN3

1,1,1 10
LSUBD,NSEGM,NTOTAL ,NOLOGS 11
1,2,19,1 12
4,6,8,21,25,28,39,40,41,42, 13
209 ,289,1 14
499,403,1 15
NSEGMENTS,NO LOG NODES 16
1,0 17
230,279,1 18

Line #2 is the name of file prepared for simulation and explanation of
variables for other lines are as follows:

Line #4
NDEX = flag for plotting node numbers (0 = no, 1 = yes)
NELEMP = flag for plotting element (0 = no, 1 = yes)
NDEL = flag for plotting element numbers (0 = no, 1 = yes)
SZINOD = letter size for node numbers
SZELE = letter size for element number
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KELEM = 0 (normal) or 1 (if material properties associated with
element. Option used with unconfined version)

Line #6
FACTOR

factor to convert X- and Y-coordinated to the plotting scale.
This factor is an additional scale factor beyond XYCONV
specified in the simulation file

XXMIN
YYMIN

Minimum X-coordinates of the region to be plotted

Minimum Y-coordinates of the region to be plotted

Line #8
LOGS = flag for plotting logs ( O = no, 1 = yes)
A1l the remaining data of line #8 needed only if LOGS = 1
MSL = plotting with reference to mean sea level ( 0 = yes, 1 = no)
If 1 is used the logs are plotted considering "0" elevation at
each node
ISO = flag for isometric plot (0 = no, 1 = yes). Useful mainly for
rectangular or square grid
ISQU = 0 (normal) and 1 (if elements are square). In square elements
the Y coordinates are distorted further by factor 'YINCREASE'
FACTZ = conversion factor for vertical coordinates in addition to "ZCONV"
IMINUS = values to be substracted from Z elevation for plotting logs
ANGLE = needed only for isometric view. The angle is specified in
radians
YINCREASE = factor by which Y-coordinates are further distorted to avoid
overlapping of the vertical logs
LAYER#

1 (for plotting material numbers at logs) or O (for ommission)
Line #10

NPEN1,NPEN2,NPEN3 are pen numbers for plotting. Values between 1-3 can
be specified for each.
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Line #12
Variables in this line and below provide option for plotting whole
region, or part of the region

LSUBD

0 for plotting whole region

1 for plotting the nodes specified
= -1 for excluding the given 1ist of nodes
NSEGM

number of sets (segments) of data read in to define the nodes to
be included or excluded. 1If LSUBD = 0 or all nodes are defined
in NTOTAL this is specified as "0"

number of nodes to be read to define the subregion to be plotted
or excluded. This is in addition to nodes generated in series.
In above example 10 nodes were desired to be read and all the
nodes between 200-289 and 400-403 are generated by two NSEGM
flag for ommission of logs at specified nodes. For

NTOTAL

NOLOGS

stratifcation mapping in a given subregion the elemination of
plotting of logs is achieved by making this switch =1

Line #13
LIST = NTOTAL nodes. If NTOTAL = 0 this line is omitted.

Line 14 and 15
NSTART,NSTOP,INC = starting and stopping node and the increment

Line 17
This is needed if NOLOGS > 0. First variable defines number of segments
(NSEGM) and (NTOTAL) at which no vertical logs are to be plotted.

Line #18

Because NTOTAL for NOLOGS is zero, no node 1ist was read and this line
defines that all nodes between 230 and 279 will not have plot of logs.
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8.5 USER'S MANUAL FOR PROGRAM GRIDIT

Natural hydrogeologic units encountered in ground-water basins are
invariably of irregular shape. Finite-element methods provide a powerful tool
for mathematical definition. However, most of the available computer graphic
packages are applicable to regular grid values only.

Program GRIDIT is used to associate an element with a given grid point
and to find the local coordinates of the grid point with reference to the four
nodes of the element. At present, only linear elements are considered when
finding the local coordinates. Therefore, the user may plot only node
location by using program PLOTEL with switch NELEMP = 0 and LOGS = 0 and
redefine the given basin in Tinear elements for plotting purposes only. This
program is executed only once for a given basin. The input data for this
program are defined in a control file with extension of ".GRD". A sample of
control file names as HAIN3.GRD is shown below:

Line Number

INPUT FILE OF PROG1

311,7 DOUBLE.OUT

1,1,16

2,9,15,22,28,29,34,35,41,42,43,44,45,46,47,48

209,450,1

NFILE,KELEM,FACTOR
9.0,.005

NO G WM -

First Line of the control file is a dummy read. Second line for name of
the simulation file used in PROGI.

Line #3
LSUBD = O for whole region
= 1 for including only part of the region
= -1 for excluding part of the region
NSEGM = number of segments defined by node series (e.g. line #5). If
LSUBD = 0, this is not required.
NTOTAL = number of nodes to define subregion for inclusion (LSUBD = 1) or

exclusion (LSUBD = -1)
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Line #4
LIST = NTOTAL nodes

Line #5
NSTART, NSTOP, INC. are first and last node of the series and the

increment respectively.

In above example the region defined by 16 nodes of line 4 and the nodes
between 200-450 with increment of 1 will be included.

Line #6 is dummy read for variable identification

Line #7
NFILE = 0 if linear elements are used
= 1 if mixed order elements are used
KELEM = 0 for confined model
FACTOR = conversion of XY coordinates to scale which is suitable for the

given device. Normally maximum of 80 in X-direction and 30 to
40 Y-direction is recommended.
If NFILE = 1, Line #8 should be the name of the file containing only the
linear elements.
The program creates two binary files with extension of ".GRD" and
".NOD". In above example user will specify on terminal "HAIN3" and the
program generates HAIN3.GRD and HAIN3.NOD. These two files contain the
following:
* GRD contains integer X (NX) and Y (NY) of a grid point, 4 nodes (NOD)
of the associated linear element, and the local coordinates &(SC) and
n(ET). This file is used by program GRIDH and GRIDIN for estimation of
head and input data at each grid point, respectively.
* NOD contains binary data of node number (K), water table (WTT), bottom
elevation of logs (BED), number of layers (LMAX), and details of each
interface of two materials (LL) and elevation of each interface (ZZ).
This file is used by program GRIDIN to estimate grid values of top
elevation or thickness of each hydrogeologic unit.
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8.6 USER'S MANUAL FOR PROGRAM GRIDIN

This program has been primarily designed to estimate grid values of the
given hydrogeologic unit from input data. Usually the conceptual model of the
stratification of a given ground-water reservoir is designed using contour
maps of top elevation or thickness of each major hydrogeologic unit. Through
use of this program, grid values are estimated from discrete data, such that a
contour map of each parameter of interest can be retrieved and checked with
original maps used for discretization. Once the grid values of these
parameters are estimated, it is easy to develop three-dimensional plots which
can be used as illustrations.

This program uses binary files * ,GRD and *.NOD generated by program
GRIDIT. The following are the additional parameters entered through the
terminal:

1. The program prompts "NPRINT, MATERIAL#, NTOP", and the user can define
these as per details given below.

NPRINT = 0 minimum print output

= 1 for printing minimum and maximum value of the parameter of
interest in a given basin.

= 2 in addition to above, each grid point, X and Y coordinate of
grid points, associated nodes of the element with the grid point
and the local coordinates £(SC) and n(ET) are printed. These
are not normally required.

MATERIAL# = Identifies the material for which an estimate of the top
elevation or thickness is desired.
NTOP = flag for top elevation or thickness

= 0 for top elevation
= 1 for thickness

VALUE is the binary output containing MYMAX records and in each record
NXMAX words are written.
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8.7 USER'S MANUAL FOR PROGRAM GRIDH

This program has been designed for generating grid values of the initial
or predicted head at various hydrogeologic units or at the surface. Based on
these grid values, contour maps or three-dimensional plots of head can be made
for interpretation and illustration of results.

This program uses the binary file *.GRD generated by program GRIDIT and
the name without extension is entered by user.

The program calls for the following additional parameters to be entered
through the terminal:

1. 'NAME OF BINARY FILE HAVING HEAD DATA'. This file is created by using
program HCOPY, which reads FILE-Q disk for the head data at given time
step or steady-state solution on initial data and writes on this file
along with a 64-character alphanumeric description of these results.
This alphanumeric description is printed on the terminal for
identification purposes only.

2. NPRINT, MAT# BOTTOM OF WHICH IS TO BE PLOTTED (0 = TOP).

NPRINT = 0 for minimum output

=1 for printing the head and grid values.

= 2 in addition to above, the head values of the nodes of interest
(given plane) are printed.

= 3 in addition to above, the grid sequential number, X (NX), Y
(NY) coordinate, 4 nodes of associated element, local
coordinates £(SC) and n(ET) are printed. Normally this is not
needed by the user.

MAT# = 0 for top surface

given material identification. The program searches for these
head values which are at the base of the hydrogeologic unit
selectd by the user through this option. If the given
hydrogeologic unit is missing from all the four nodes or even
from two nodes of the associated linear element of the grid
point, no value is assigned to these grid points.

The output file VALUE contains binary NYMAX records each containing NXMAX
grid values.
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9.0 COMPUTER PROGRAM LISTINGS

Computer program listings of the FE3DGW, for PDP 11/45 computer (with

FILE-Q direct data access) contain the following:

1.

PROG1: (to read input data and generate FILE-Q data base)
PROG1.FTN Main Program
KXYZ.FTN Subroutine
NODES.FTN Subroutine
BONDRY.FTN Subroutine
ELEM.FTN Subroutine
PROG2:FTN: (to estimate integration parameter for each element)
BAND.FTN: (to find locations of column - identification matrix of

non-zeros initial (prior to decomposition) of system matrix)

PROG31.FTN:
state or transient simulation options, for transient simulation the time

(to read the surface and element based flux rates, steady

steps and time variant held boundary conditions (if required) are

prescribed through this program)

PROG3:

(to estimate steady state or transient hydraulic head as function

of input data read in PROG1 and PROG3I)

LPROG3.FTN
START3.FTN
ELEMAT.FTN
SYSMAT.FTN
MREAD.FTN

UPPERT.FTN
MREADB.FTN
UPERTB.FTN
BACKSU.FIN
BVALUE.FTN
HWRITE.FTN

Main

Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
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10.
11.

PLOTEL: (to plot node location, elements and log details)

PLOTEL.FTN Main
PLMAIN.FTN Subroutine
HREADPL.FTN Subroutine

GRIDIT.FTN: (to find local coordinates of regular grid system)

GRIDIN.FTN: (to find elevation and thickness of each hydrogeologic unit
of the regular grid generated in GRIDIT.)

GRIDH: (to estimate regular grid values of computed or initial hydraulic
head)

GRIDH.FTN Main

HREAD.FTN Subroutine
GRID.FTN Subroutine
GRDFLQ.FTN Subroutine

PLOTBC.FTN: (to plot the held potential)
PLFLUX.FTN: (to plot the flows prescribed for simulation)

PROG1, PROG3, PLOTEL, and GRIDH are structured for overlay execution.

Copies of the task building command and overlay files are also included
(Table 9.1).
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TABLE 9.1. Overlay and Task Command Files

PILE NAMEs PRUGY,CMD .
OP21FROGE, sNPIIPROGY ,UDL/MP

ASGeTIt2,008031,0P0:3,LP16,0P01S
/

FILE NAMER PRUGY,O0L

At +FCTIR DPRIPROGH

L} +FCTR (1, 11BNWLIB, OLA/LB

Cs «FCTR nPRIKAYZ

Ot +PFCTR NP23INDDES

(3] «FCTIR NP21/ONDRY

Fe +FCTR NPRAIELEH

LR +FCTR ta,41PTIME
sROOT AwBeaHen(C,0,£E,F)
+ENO

FILE NAMEs PROG2,CMO
OP291PROG2,%0P2IPROGR,0POS [311,1)PTIME, (1,1 1BNW,IB,0LB/LE
/

ASGaTI12,LP16,083:1¢

/

FILE NAME® 3AND,CMO

OP231BANDEDPRIBAND,DPDI LG, 4)PTIME, (1,1)dNWLIB,0LB/LB
’

ASGaTIZ2,08481, P16

’

FILE NAMEs PROG3T,CMD

OP21PROG3] ,3NP2IPROGII,0PALL4,31PTIME, (1,1)BNWLIB OLB/LD
/

ASGsT1:2,0803!,0PA28,LP20

/

FILE NAMEs PROG3,CMO
OP23{311,3)1PROGI,LPL/3HR0PALE311,31PN0G3,00L/MP

ASGsTli2,nB0tL, P26
/
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TABLE 9.1. (contd)

FILE NAMER PRQG3,00L

AD®
A003
At
-}
P
D:
oot
g
Ece
Ft
G2
LH
1

JFETR
JFCTR
LCTR
JFCTR
LFCIR
JFCTR
JFCTR
JETR
JFCTR
JFCTR
JFCTR
JFCTR
JFETR
SO0
JEND

pP21¥311,31PROGS
1q,4YPTINE
r1,118NWLIB,OLB/LA
NP3 311,31 ELEMAT
DRI L3111, 3) YIMAT
pR23r3ty, S1MREAD
pp1 31,31 MREAQB
0P21 311,31 UPPERY
oPR23(311,31UPERTE
NP2t r3t11,318VaLUE
oP21C311,3)8ACKSUY
DP23 311,31 MWRTITE
DP21[311,3)8TARTS
ARapAme (AUD,1,8,C,0,00,E,EE,F,G,H)}

FILE NAMEs PLOTEL,CHD

DPRIPLOTELSPLOTEL ,QDL/MP
ASGETI12,0P2313:41315,LP26
ACTFIL®S

/

FILE NAMEs PLOTEL,OQDL

Al
81
C:
03
€s

JFCTR
JPCTR
LFCIR
FCTR
FCTR
.ROOT
+END

DP2IPLOTEL
f1,4)18NWLIB,0LB/LE
NP21HREADPL
DP23IPLMAIN

ta,4) ICHR2
AcBe=f=e(C,D)

FILE NAMEs GRIDH,CMD

DPL{IGRIDHEGRIDH Q0L /MP

ACTFI w7
UNITSa?

ASGeTI2,0P821241335:7,LPte

/

FILE NAMEs GRINH,00L

+FCTR
+«FCTR
FCTR
«FCTR
«FCTR
+FCTR
+FCTR
«ROQT
+END

GRIDH
[1+11BNWLIB,0L8/LB
HREAD

GRID

GROFLYQ

[a,4) ICHR2
t3{1,1}1PTIME
A.B-C-H..(C'D, 1)
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TABLE 9.1. (contd)

FILE NAMEs PLOTBC,CMD

OP23PLOTBC,LP1/3KHe0PRIPLOTEC,0PP314,4] ICHRZ, [1,118NWLIB/LE
/

ASG.TISEQD’O‘S'L’:6' TG:SIDBE"

/

FILE NAMEs PLFLUX,CMD

OPR2SPLFLUX,LP1/SHaOP2IPLFLUX,DPB3(4,4] ICHR, (1, 11BNLLIB/LS
/

ASGaT12,DPQ15,LP16,TG13,0808)

/

FILE NAMEs GRIDIN,CMO

DPISGRIDIN,LPI/SHSGRIDIN, (1,11BNWLIB/LB
ta,481 ICHR2
/

A3GaT]32,0P0tSs124at3,LPt6
ACTFIL =S
/

FILE NAMEw GRIDIT,CMD

OPLIGRIDIT,sGRIDIT,0PA([1,11BNW.IB/LE
‘l

ACTFIL®=6

ASGeTI:2,0PR2521:314,LPt6

/
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9.1 PROGL AND ITS SUBROUTINES, PROGRAM LISTINGS

FORTRAN [VePLUS VQ2e%1D 16121124 13.88Pu79 PAGE |
PROGY ,FIN /TRIBLOCKS/WR
¢ ansanne PROGE ,FTN anconnnnnsnennny
c-.-.-...-'-..-’.-.--...----.--.--.-‘-‘-.-.....-.---....-.......--.-.--.
c THIS PROGRAM REAQS THE INPUT DATA,
¢ MAKES THREE DIMENSIONAL MESN AND GENERATES DISKS FOR
¢ OTHER PROGRAMS,
c..-.--.-----..’.-....-..-....-.-._..'....--.-..--..-'-.-...-.--..--..-..
LT X} BYTE MCR(8Y)
2002 COMMON NUMBER (2%60),IDENT(768) ,LAYERS(748)
geey COMMON/BLKL/NQDE (2048) yNODB(768)
LLLT] INCLUDE *HOR,FTN’
0208 » COMMON/HDR/LNPT NTT ,NBPTC,NAFPTC,NSTREM, NPT ,NSELEM,NELEM,NODMAX,
» #NONTZER, NGO, MATN,KTYPE,NMAXyNSTIF ,NTIME,NSTORE,NOUM, TITLE(2D),
* #DP§,NP2,DP3,0P4,0P%,0P6,0P7,0P89,0P10,0P11,0P12,DP13,DP14,DP1S,
" #DP16,0P{7,0P18,NTSURF ,NESURF
2006 COMMON/TRACE/NPRCGE ,NPRDG2,NBAND,NPROST,NPROG3,NSUBS
eo07 COMMON/VIS/NVISC,8R, TTEMP,CON(20),VISC(22),TSURF, TEACHZ,RRHO, TRHO,
4TCNEF, TVISC,CONS
.F.L] ] DIMENSTION FILE(T)
eQ09 CALL GETMCR (MCR,I8W)
aeto IF (ISW,6T7,79) I8W & «4D
eety IF (1SW,LT,2) GO TO 110
eot2 DO 1020 Isj8wWel,80
2e13 1a@ MCR(I) » ¢ ¢
eota 112 CONTINUE .
ea1s IF (I8W,GTel) 1ISWw ®w |
P21 IF (18W,LT.,®) ISW 2 »f
ee1? 1F (I8W,NE.1) GO TO 1380
0018 17 (MCR(S),lQ,° *,0R,MCR(S),E0,8) ISW s ?
go19 IF (18w, NE.}) GO TO 139
fe2e DECODE (a3,12Q0,MCR(S) JIUN,NPRINT,NEWRUN,NPINCH,FILE
LLES) 120  PORMAT (4195,7A4)
ge2a 1390  CONTINUE
eo2y IF (13W,EQ,1) GO TO 148@
0024 WRITE (2,%) "ENTER FILE~Q DISK UNIT?
0023 READ (2,¢) IUN
2026 140 IF (IUNGNE,3) CALL ASNLUN (1,°DP’,IUN,18TAT)
g2y IF (18W,EQ,1) GO TO 160
Q228 WRITE (2,¢) PENTER INPUT FILE NAME*
oR2e REZAD (2,1%9) FILE
0030 182  POAMAT (7A4)
o931 160 N = ICHR(FILE)
oe32 OPEN (UNITeS,NAMESFILE,TYPER’OLD’,READONLY)
ce3s IF (1Sw,EQ,1) GO TO (7@
LIAY] WRTTE(2,)#) ’NPRINT(0,3) yNPINCH(OsM]ISSING MATERIAL BY WEDGEZO ELEM,iw
+OTHERW]SE)*
ge3s READ (2,%) NPRINTY,NPINCH
20%6 WRITE (2,%) °*NEW PROBLEM(s3) DR INPUT MODIFICATION(s1)'
ep3r READ (2,9) NEWRUN
ea3s 172 17 (NPRINT(NE,A) CALL PTIME (&)
0839 CALL OPFILE (1,°’DESCRIP®,25,,IPTR1)
eedp 180 FORMAT (2nAQ)
o4y CALL OPFILE (1,°TRACE?,1,,JPTR18)
0242 IF (NEWRUN.EQ,1) CALL DPR (IPTR18,0,,NPROGY,6,)
2043 IF (NEWRUN,EB,1) CALL DPR (TIPTR1,0,,LNPT,94,)
sRda READ (S,18@) TITLE
e04s DPt s 25,
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FORTRAN IVePLUS VP2+51D 16101128 13=8EP=T9 PAGE 2
PROGI ,FTN

00446
024y
Q248
2049
oesa
0834
egs2
0053
0054
00%s

2056

99%7

20958

0089
- 0360
206y
o262
2263
2264
o06s
111
1.1}
pRes
2269
gate
287y
fera
aars
2974
oaTs
00876
LI A4
eats
o079
0082
Qe84
pesa
211} ]
opsy
oass

- 2086
(T3]

0ess
00289

.

/TRIBLOCKS/WR

op2 = 4,

OP3 = $0,
pPas = 2571,
DPS = 2243,
NPy = 28,
0r89 = 63,
OP1a » 1420,
DP1IS = 2972,
NP1e = 2%,
DP18 e {,

c-.....---.-.-..'--..‘-.'-.-...--.C.‘.-.---.---.-I-..---..---.-.-..-.--‘

c
c

IMPORTANTs IF THE VALUES OF OIMENSIONS HAVE BEEN CHANGED KEEP
FOLLOWING VALUES UPDATED,

c-.-..-.-.....-q.-.-.....--.-.-.-..--..q-.------.---.---....------......

190

LNPT w 7648

NTY » 2%402

NMAX = 2%%

NPT = 2348

NSTOP 2 0

CALL KXYZ (NPRINY,NZELEV,XYCONV,ZCONV,HCONV,NSTOP,NSEA)

CALL NODES (NPRINT,NZELEV,XYCONY,ZCONY,HCONV,NSTOP,NSEC)

CALL BONDRY (NSTOP,NSEC,NPRINT,NSEA,NCONV)

CALL ELEM (NSTOP,NSEC,NPRINT,NPINCH)

OP6 s NELEM27 .4}

PP NPTYa2,¢30,

DP1y NELEM#13,91,

oP12 NPTH3, ¢4

neyLYy ney2

DP1Y u NPTR3, o1,

CALL DPW (IPTRi,@,,LNPT,94,)

CALL OPW (IPTR1,1,,NUMBER,Q396,)

CALL OPW (IPTR1,11,,IDENT,T88,)

CALL OpPw (IPTR1,14,,LAYERS,768,)

CALL DPW (IPTR1,17,,NOOE,2048,)

IF (NPRINT,EQ,®) GO TO 190

PRINT 220, NTSURF,LNPT,NTT,NBPYC,NBFPTC,NSTREM,NPT

PRINT 219, NESURF NSELEM,NELEM,NODMAX,NONZER,MATN

NPRNGY ®

CALL DPW (IPTR18,@,,NPROGL,b,)

CALL DPFILE (1,*0TANDQGS®,DPS,IPTRS)

CALL DPFILE (1,°BVALUE’,DP1S,IPTR1S)

CALL OPFILE (1,*RESTARTY,DP16,IPTRIG)

CALL DPFILE (1,°NCOL",DP12,IPTRIA)

CALL DPPILE (1,*ELEMENTL*,DPLL,IPTRLY)

CALL DPFILE(!, UPTRIANGL’,0P12,]IPTR12)

CALL DPFILE (1,°BACKSUB’,QP13,IPTR1)

CALL DPFILE (1,°ELEMATRIX*,DP6&,IPTRS)

CALL OPFILE(L,fUPBACKUP*,DP17,IPTRLY)

IF (NPRINT,NE,@) CALL PTIME (8)

FORMAT (/120(°#*)/7,/5%X, "OIMENSTONS IN OTHER PROGRAMS HAVE 70 BE SE
+T FOR FOLLDWING MAXIMUM VALUES®/,20X, TOTAL NUMBER OF SURFACE NONE
+S(NTSURF)n",T8M,110/,20X, MAXIMUM NUMBER ASSIGNED TD SURFACE NODES
+(LNPTYn®,T80,118/,20X,°TOTAL NNDES IN THE SYSTEM (NTT)e’,784,112//
+,12%,°THE FOLLOWING PARAMETERS ARE RELATED TO R,C*/,20X,*TOTAL NUM
+AER NF PNTENTIAL B,C, PRESCRIBED (NBPIC)®*,T80,110/28X,"TOTAL NUMD
+ER (F FLUX B,C, PRESCRIBED (NBFPYC)=*,T80,7108/,20X,¢TOTAL NUMBER 0
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PROGL,FTN
LT 210
2091

2092

/TRYBLOCKS/WR

+F STREAMS B,C, PRESCRIBED (NSTREM)«’,T80,110//,12X, THE FOLLOWING
+ TW0 PARAMETERS ARE RELATED TO STIFFNESS MATRIX’/,20X,°TOTAL NUNMBE
*R OF UNKNOWN(NPT)u?,T88,110,/120(°%4°)//)

FORMAT (12X, °THE FOLLUWING PARAMETERS ARE ASSOCIATED WITH ELEMENYS
+4/720%,°TOTAL NUMBER OF SURFACE ELEMENTS(NESURF) s’,180,110/7,/720%,"
SMAXIMUM NUMBER ASSIGNED TO SURFACE ELEMENT(NSELEM)s¢,T8D,110/20X,"
+TOTAL NUMBER OF ELEMENTS(NELEM) l‘.T!O.!lB/,!OX,‘MAXIHUH NUMBER OF
+ NODES IN ANY ELEMENT(NODMAX)S?,T80,110/,20X, TMAXIMUM NON=2ZERO NO
*DES IN ANY ELEMENTB(NONZER) u?,7v80,110//,12X,°YHE FOLLDWING I8 REL
+ATED TO MATERIAL NUMBER ASSIGNED®/,20X, MAXIMUM NUMBER ASSIGNED YO
¢ MATERTAL (MATN) w4, T04,110/,/120(*8%)//)

$THP

END

PROGRAM SECTIONS

NAME S1IE ATTRIBUTES
SCO0Ey mn2eed s22 RW, I)CON,LCL
SPOATA 200452 149 Ru,D,CON,LCL
SIDATA orm2aye 84S Rw,0,CON,LCL
SVARS apn24a2 89 Rw, 0y CONyLCL
o 3388, 220008 4an96 Rw,D,0VR,GBL
BLxy 213292 24816 Rw,0,0VR,G8L
HDR 20de74 9a RW,0,OVR,GBL
TRACE paaete 6 RwW,D,0VR,GBL
vis ang3as 9 RW,0D,0VR,GHL

TOTAL SPACE ALLOCATEN s 241170 89308

fLP1sPROGY
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KXYZ,FTN

aeey
o0e2

- 1.1B |
anag

eo0s

ngas
eger
geas
2029

egia
0011
a1
o013
2014
ee1s

131 3
eoir
on18
ae19
oe2n
o2}
eeRe
2023
2024
go2s
g6
ea2y
o028
ee29

en3n
gol)

gosa
2933
2033
2935
2036
2e37

/TRIALOCKS/WR

c whnannn KXYZ,FTN anananantnsnntan
c-.----.--.--.--.-..---....--.-.----.--..----.-.-..----.-..--.---.--.---
c SUBROUTINE TO READ CONVERSION FACTOR AND MYDRAULIC PROPERTIES
cq..-o-...-----.--.-...-.---------o.--.,.---.--.-------..-—--.-------.--

SURROUTINE KXYZ (NPRINT NIZELEV,XYCONV,ZCONV,HCONV,NSTQP,NSEA)

COMMON /KXYZ/ XK (S@),YX(52),2K(90),8PEC(SO),THETA(SA),ALPHA(SYE),
+BETAP(32),PIERO(S2) ,AMATER(18)

INCLUDE PHOR FTN'

COMMON/HNR/ZLNPY ,NTT ,NBPTC,NARFPTC ,NSTREM, NPT ,NSELEM,NELENM,NOOMAX,
#NONZER,NAD)MATN,KTYPE,NMAX ,NSTIF ,NTIME,NSTORE ,NOUM, TITLE(2D),
4nP1,DP2,0P3,0P4,0P%,0P6,0P7,NPE9,DP10,0P11,0P12,0P13,0P14,DP1S,
#OP16,DP1T,UPSB ,NTSURF,NESURF

COMMON/VIS/NVISC,B8R,TTEMP,CON(29),VI8C(22), TSURF,TEACHZ,RRHO, TRHO,
*TCOEF,TVISC,CONS

DIMPNSTION UNITS(2)

DATA UNITS/® L/T*, L ne2?/

MA » 50

CALL DPFILE (1,*PROPERTY¢,0P2,IPTR2)
c---‘---.-.-----..-.—.--.-.--..-----..--.’----------.----...-...--------G
c VALUE OF MA SHOULD BF CHANGED AS PER THE DIMENSION OF XK,Y¥X,,4¢
c...--.---.--.-.-......-----'..-...-'...‘---.-....-.---.---..-----..-...

IF (NPRINT,NE,B) PRINT 180, TITLE

READ (S,190) NIELEV,XTYPE,PERCON,XYCONV,ZCONV,HCONV ,NSEA

PRINT 190

IF (NPRINT.GE,2) PRINT 210, PERCON,XYCONV,ZCONV,HCONV,KTYPE,NPRINT

IMN =}

IF (KYTPE,EQ41,0R,KTYPE,EQ,2) IM & 2
c..-----.------.-..-..---.---..-.----...‘..-.---.-.-.-.----...--'-..--'.
[ MATERIAL PROPERTIES
c---'--.---.-.--"‘--.-----------------.-----------.--..--..-.---...----

MATN » @

1F (NPRINT,GE,2) PRINT 242
109 READ (5,14@) NSEC,1,(AMATER(J),Js1,18)

IF (NSEC ,NE Q) GO TO 128

IF (T,GT ,MATN) MATN » [

1F (I,LT,MA) GO TQ 10

NSTOP 8

PRINY 230, I,MaA

GO TO0 t¢0
110 READ (%,160) 01,02,03,THETA(I),BETAP(L),PZERO(LI),ALPHA(CI),SPEC(T)

XX (1) s« PERCON«D1

YK(1) » PERCONaD?

IK(1) s PERCONAD3

P (xx¢1),€Q0,8,0,0R,YK(]),20,0,0,0R,2ZK(I) EQ,B,0) WRITE (2,%) *MAY
*#9,7,°%K, YK, 00 2K 18 @,0 wCHECKaaVALUES ARE’,XK(1),YK(I),2ZK(I1)

IF (NPRINT,LE,1) GO TO 100

PRINT 220, Yy (AMATER(J),Jo1,18) , XK (1), UNITS(TIM),YXK(L),UNITS(IM),
*TXCL) ,UNTTS(IM) , THETA(T),ALPHA(CL) ,BETAR(T),PZERO(I),SPEC(Y)

GO t0 100

120 CONTYINUE

CALL DPW (IPTR2,M,,XK,820,)

CaLy DPCL (IPTR2)

IF (MATN,GT,MA) PRINT 202, MATN,MA

IF (KTYPE,EQ,A) 6O TO 13@
c’---.--..-----.--..--------..-.-‘-..--.---..---.-..--.---.-‘-----.-.---

c LTNEAR RELATIONSHIP BETWEEN TEMPERATURE AND DEPTH ASSUMED
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KXYZ,FTN

o0 3s
0839

eodo
204y
9042
op43
oeaa
2043
onae
eeay
a24s
Q249
o0se
2034

eess

0034
085S

OOOOAO00O0O0T0000000CCON

/TRIABLOCKS/WR

TSURF » BURFACE TEMPERATURE

YEACHZ = INCREASE IN TEMPERATURE EACH UNIT DEPTH

RAKO AQULIFER FLUID DENSITY wITH @ CONCENTRATION

TRHO REFERENCE TEMPERATURE DF THE RRHO

TCOEF COEFFICIENT OF EXPANSION PER UNIT CHANGE OF TEMPERATURE

TVISC vISCOSITY OF AQUIFER FLULID AT TRHOD

CONS CONSTANT TQ ESTIMATE HYDRAULIC CONDUCTIVITY IN GIVEN
UNITS USED FOR VISCOSITY, GRAVITY, DENSITY AND HEAD,

FOLLOWING 18 BRIEF LISTFOR SOME CONVERSION FACTORS

CENTIPOISEnY b6 & KG/ (M) (HR)
CENTIPOISEnG, 72430 ,E=q » LA/ (FT) (SEC)
CENTIPOISES2,419 s LB/(FT)(HR)
CONS @ GRAVITY TERM (IN APPROPIATE UNITS)/(ABOVE FACTOR)
K s PERMEARILITYADENSITYnG/VISCOSITY
8 CONS & PERMEABILITY(LWwa2)aDENSITY(M/L2a3)/VISCOSITY(CP)

READ (%,16@) TSYRF,TEACHZ,RRHO,TRHO,YCOEF,TVISC,CONS
IF (NPRINT,GE,2) PRINT 260,T8URF,TEACHI,RRNO,TRHO, TCOEF,TVISC,CONS

c-..--..--.-.-.----..--.----.-------..-.-.-.---.-.---.--.-.--------9.---

c
4

VISCOSTTY-TEMP LEASY SQUARE RELATIONSHIP AND VISCOSITY=CONCENTRATI
THESE PARAMETERS ARE READ IF KTYPE s 2

C'°"""-"""°"""""'"""""""""'""’""""""’""'-"‘""""

130
130
159
160
170
180
190
200
210

229

230

240
2350

IF (KTYPE,NE,2) GO TO 132

READ (%,17@) NVISC,BR,TTEMP, (CON(1),VISC(I),1n1,NVISC)

JF (NPRINT ,GE,2)PRINT 2%50,NVISC,BR,TTEMP, (CON(T),VISC(I),Iny,NVISC)

RETURN

FORMAT (J1,14,18A8)

FORMAT (21%,4F10,0,19)

FORMAT (BE10,3)

FORMAT (113,2818,4/20(8E1R,4/)) )

FORMAT (//savt'a’)//.ax,aaaa,lllaot'i')//)

FORMATY (77}

FORMAT (¢ MATE?,1S,7 MATN’,15,7 PROGRAM SHALL BE STOPPEN®)

FORMAT (712Q(%«*)/,/7,%%,* VALUES OF CONVERSION FACTQRS SPECIFIED*/
+/1208(%«*)//5%,°CONVERSION FACTOR FOR PERMEABILITY DATA®,T73,F10,4
+,/7/5%, *CONVERSION FACTOR POR XY«COOROINATES”,TT70,F10,4//,5%, *CONVE
+RSION FACTOR FOR Z«COOROINATES’,T7@,F1Q,4//,5X, CONVERSION FACTOR
4FOR HEAD(BOTH INITIAL AND B, Cy)?,T70,F1Q,2//,3X, KTYPE a? T70,110/
+/,5%,°FLAG FOR CONTROLLING THE LEVEL OF PRINT QUTPUTs’,T70,110//,
+120(*=*)/)

FORMAT (1HB//S5X,23HPROPERTIES FOR MATERIAL,IQ,ax,8Husnsmman//,5%,1
+8A4//,lﬂlp'K-ll‘TSO,GIS.b,A‘V'IDX;'K-Vl"TS,GlS.b,Aﬂ,/lﬂX,'K’Z".
+750,6195,6,A4,/10X, THETA«?,T50,615,67,10X%, MEDJUM COMPRESSIBILITY?
+ 150,619,686 1/L°/10%,"FLUID COMPRESSIRILTY’,T50,615,6,° 1/L"/, 40X
+,’REFERENCE PRESSURE HEAD OF THETA?,7S0,(61%,2,* L*/,10X,*SPECIFI
+C STORAGE COEFFn’,TS0,61%,6,” 1/L°/)

FORMAT (//5X, MAXIMUM MAT# READ 184,18, WHILE OIMENSIONED FOR’, IS/
+,5%, CHANGE THE DIMENSION OF MATERIAL PROPERTIES’//,5X,’ NOTE s='P
+ ROGRAM S HALL BESSTOPPEDY/)

FORMAT (1M1/7)

FORMAT (1H1//,93%,"NUMBER OF POINTS OEFINING VISCOSITY=CONCENTRATIO
4N RELATIONSHIP?,TS0,110//3X,°LEAST SQUARE FIT FOR VISCOSITY=TEMPER
+ATYRE *,75R,G17,4//8X,"REFERENCE TEMPERATURE FOR VISCOSITY=CONCENT
*RATION DATA?,T30,610,4//35A(10X, CONCENTRATION(PPM)*,61%8,4,18%,"VIS
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KXYZ,FTN

oe%e 260

eesy

/TRIALOCKS/WR

+CORTTY(CP)*,G15,4,/)) ,
FORMAT (//5X,?SURFACE TEMPERATURE’,TS50,618,4,° OEGREES’//,%X,*IN
+CREASE IN TEMPERATURE EACH DEPTH INCREMENT(TEACHZ)®,750,610,0,°
*DEGREES/UNIT DEPTH?//,5X,*NENSITY OF AQUIFER FLUID AT B, CONCENTRA
*TION(RRHD)®,T5A,G10,4,°  M/L®+3¢//,5x, *REFERENCE TEMPERATURE FOR
+"RANO" (TRHO)®,TSR,G19,4//,5X, COEFFICIENT OF FLUID EXPANSION DUE
*T0 TEMPERATURE(TCOEF)?,TS8,610,4,° M/ (L*%3,DEGREE)®//,5x%, VISCOS
«1TY AT REFERENCE TEMPERATURE (TRHO) NEEDED ONLY FOR KTYPEwy®,T50,G{
+0,3//,5%, *CONSTANT (CONVERSION FACTOR) TO OBTAIN X FROM INTRINSIC
+VALUESCCONS)*,7%8,61A,4/,15X,  THIS SHOULD BE EQUAL TO FOLLOWING OE
*PENDING UPON THE UNITS USEN®/,18%,? GRAVITY UNITS/APPROPIATE CONVE
+RSION CONSTANT FOR VISCOSITY?/1SX,’GIVEN BELOW ARE SOME CONVERSION

¢ */,2BX,*CENTIPOYSER3,6 s KG/(MY(HR)? /20X, *CENTIPOISE#S,?
*2n10f=q o LB/(PT)(SEC)*/20X,"CENTEIPOISE2,419 8 LB/(FY)(H
+R)*/77)

END

PROGRAM SECTIONS

NAME SIZE ATTRIBUTES
SCODEY @a2402 641 Rw,I1,CON,LCL
SPDATA 0aQ0)0Q2 33 RW,0,CON,LCL
SINATA Q@a3leq 994 RW,0,CON,LCL
SVARS 200246 19 RW,0,CON,LCL
KxYl ea23e2@ a3é6 RW,0,0YR,GBL
HOR apagra 9y RW,0,0VR,08L
vis na03ns 99 RW,0)0VR,GBL

TOTAL sPactk

'LPIOKXYZ

ALLOCATED » @124T2 2716
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NOOES,FIN /TRIALNCKS /AR

c teantnn NODES FIN tunsttnantarans
c.-....-..--.----.---..---.-..-.---'-..---.-..----o-.----------.-------q
c READ NODE COORDINATES AND LAYER DETAILS
c-..--.-.---.‘.---q.----.-..q--.-.--------...-----.-----.----.----.--.-o
1.1 SURROUTINE NODES (NPRINT,NZELEV,XYCONV,2CONV,HCONY,NSTOP,NSEC)
een2 INCLUDE YHDR,FTN/
NS « COMMON/HDR/LNPY ,NTY ,NBPTC,NBFPTC ,NSTREM,NPT ,NSELEM,NELEM,NODMAX,
* WNONZER,NQD s MATN, XTYPE,NMAX ,NSTIP,NTIME,NSTORE,NDUM, TITLE (20),
N soPy,DP2,0P3,0P4,NPS,DP6,DPT,DP89,DP1MA,DP11,0P12,NP13,0P14,0P1Y,
" #0P16,DP17,0P18,NTSURF ,NESURP
eory COMMON /NDDES/ X(2%6),Y(2%6),2(296),FACTOR(2%6),HEAD(2%6),RHO(2%6)
anng COMMON/YIS/NYISC,BR,TTEMP, CONC20),VI8C(20), TSURF, TEACHZ ,RRHO, TRHO,
+TCOEF,TVISC,CONS ‘
Pede DIMENSION CONCEN(20),LL(20),22(20),25(29),WM(20)
ooy COMMON NUMBER(2360) ,INDENT(768),LAYERS(768)
Qons CALL DPFILE (1,°XYICOR’,0P3,IPTRY)
0209 CALL DPFILE (1,fFACTOR’,0P89,IPTRAY)
ea1n CALL OPFILE (1,°MNEAD’,0P14,IPTR1Q)
eaty LN = NPT
0012 N3 = NTT
2013 NNEW ® @
2014 NMAX = 2S¢
0019 No 109 [ng,20
eas 182  CONCEN(I) = 0,0
oay? LNPY = P
gcts NSTNP = @
ALY NT = @
en2e NUNZFR s @
LIEX) NSAVE = 1007
P22 KSAVE = 1008
enes PAG & O,
8224 IF (NPRINT,GE,2) PRINY 482
aa2s nn 380 ley, 1000
2328 READ (5,36@) NSEC,K,XX,YY,dTT,RED,NBR,LMAX, {LLCJ),2Z(J),Jal,LMAX)
ea2r TF (NPRINT,ER,4) PRINT 4Ad, ~§£c,x,xx,vv,urr.seo,Nae,LnA:,LL(;),
ClZ2CI),LLCJe1), ImL, LMAX)
9228 IF (NSEC,NE,3) GN YO 292
an29 1F (XTYPE _EQ,2) READ (5,380) (CONCENC(J),Jml,LMAX)
easa LAYERS(K) ® | (LMAX)/10P0
o3y IF (N2ELEV,EQ,1) GO TD 1t@
CTLF] IF (REN,GT,0,A) GO TO 310
o33 PRINT 397, RED,K
rala NSTOP = 1
2235 GO TO 300
2034 {10 DO 120 Jay,LMAX
gasy 1280 2701) ® 22(J)=2CNNV
ro3s 1F (X FQ,NSAVE) PRINT 474, K,NSAVE
2019 YX w XY*XYCONY
oean YY = YyaxyCUnV
a0ay NSAVF = K
042 XX a3 K/179)
¢aay IF (NZFLEV,EQ,1) GO TN 15%
eoauq SUM 3 0,2
8945 PO 132 Jag,LMaAX
2046 130 SHM = SUMEZZ())
a4 NIF & (HEN=SUM) /QUH
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NONES, FTIN /TRIALNCKY/HR

2048 SuM s 0,3

apa9 I5¢1) = WYV

P50 WMC1) = WTT

208y 00 149 Jey,LMAX

a0se 22¢3) = 22(J)n(1+01IF)

2033 SUM s SUMGTZZ(JS)

[.LEY IS(J+1) & WTTa8UM

8035 WM(J+1) = WTT

[-I 51 140 CONTINUE

2057 60 T0 170

2238 150 15¢1) = 21C1)

2059 WML]) w WTT

LI 1Y DO 160 Ja2,LMAX

(2.1 31 2503) = 12(J)

ansg 160 WM(ES) & WTT

o063 1710 JJ = 0

CI'LY) LAST = @

2068 18TOP = 7

0266 DO 320 Jmy,LMAX

2067 1IF (LLCJY,EQ,3) GO YO 222

068 JJ 8 JJIe

a069 LLL ® LLCY)

eaTa 17 (JJ,EN,1) GO TO (A2

eary KK m LLL/100

ear2 LASTY & [LL=XK#100

eery IF (<K, LT ,KSAVE) PRINT 423, KK,KSAVE,K,J

2ary G0 Y0 §199

ears 180 KK & p

2276 192 IF (XK, EQ,KSAVE) PRINT @42, KK, KSAVE,X,J

ser?y KSAVE ® KK

aTa NT = NT¢|

2079 IF (NT,GT,N3) GO TO 2190

080 NNN ® KeKKn{i0OR

[.I L} I1F (K, QT ,LNPT) LNPT = K

o082 IF (X,GT,LN) GO TO 202

pesl NUMBER(NT) ® NNN

2284 IF (JJ,EQ,1) IDENT(K) ® NTY

2nAS NNEW w NNEN+{

LYY X (NNEW) = XX

eear Y(NNEW) ® YV

[.1.1.1.] 2(NNEW) = 28(J)#2CONV

2289 HEAD (NNEW) = WM(J)WHCONY

ap99 R0 TD 220

g09t 208 NSTOP =

9092 PRINT 267, X,LN

009} G0 v0 222

20943 210 NSTOP a 1

209S 222 CONTINUE

209s IF (XTYPE,EN.B,AND,NPRINT,LE,1) GO TO 280

289y 1IF (XTYPE,EQ.,A) G0 TO 244

v c-.--.-.-.--...---...-.-----.--....-.-...--.-.-.-----'..-------.--.--...
c LINEAR RELATIONSHIP OF TEMPERATURE WITH DEPTH HAS BEEN ASSUMED
c..'-------.----...--..-.---.--..-.--------..-n----------------...---..-

o098 IP = ZS5(1)=15(J)

099 TEMP » TQURF¢TEACHINZP

2100 RHO(NNEW) ® RRHO#(1¢TCOEF=(TFMP=TRH0))
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NODES ,FTN

g10y
0102
2103
2104
2103
0106
agor
0108
21029
2110
e11
e11e
@143
2114
0118
Q116
o117

0118
2119
2120
Q124
o122
2123
2124
125
8126
0127
2128
2129
2130
0131
2132
133
02134
0138
2136
0137
@138
9139
o140
0141
2142
2143
144
9348
0146
214y
0148
2149
o150
8191
2152
2153
2434

ase
249

250

260

270
252
299

300
310

320
3302

340

330

/TRIALNCKS/WR

IF (KTYPE,EQ.1) XMEW s TVISCHEXP(BR#({/TEMP={/TTEMP))
IF (XTYPE NE,2) GO TO 230

coNe = CONCEN(J)

CALL MEW (XMEW,NVISC,CON,VISC,CONC)

RHO(NNEW) = RHO(NNEW)=(§+CONCny Ew=b)

XMEW & XMEWREXP (BRa({/VEMPe1/TTEMP))
FACTOR(NNEW) = RHO(NNEW)ACONS/XMENW

IF (NPRINT.LE,1) GO TO 280

N s NUMBER(NT)

IF (N,6T,.999) GO TO 239

IF (NPRINT,NE,2) PRINT 459

G0 YO 263

IF (NPRINT,EQ,3,0R NPRINT.EG,S) GO TO 260

IF (NPRINT,EQ,3) GO TO 262

60 TO 280

IF (XTYPE,EQ,0) RO TO r34"

PRINT 830, NT,NyXX,YY,Z(NNEW) yHEAD(NNEW)) TEMP,RHO (NNEW) , XMEW,
*CONCENCJ)Y,FACTOR (NNEW)

60 T0 280

PRINT 430, NT,NyXX,YY,Z(NNEW),HEAD(NNEW)

IF (NNEA,LTNMAX) GO TO 320

IF (NNEW,EG,@) GO YO 310

CALL OPw (IP‘R!"AB'Z,"!.)

CALL OPw (IPTR!'P‘O’!G"""!’)

CALL DPW (IPTR3,PAG#4Q,,Y,%12,)

NNEW ®» 9

CALL OPW (IPTR14,PAG,HEAD,512,)

IF (KTYPE,NEL.2) CALL OPW (IPTR89,PAG,FACTOR,S12,)
1P (XTYPE,NE,B) CALL UPW (IPTRA9,PAQe4D,,RHO,%12,)
IF (NSEC,NE,@) GO TO 318

PAG = PAGe+2,

CONTINLE

NTSURF n =}

IF (NPRINT,NE,@) PRINT 518, NT,NTSURF,LNPT

IF (LNPT,GT,LN) PRINT 5288, LNPY,LN

NTT = NT

IF (NTT,GT,N3) PRINT 490, N3,NTT

IF (NSTOP EQ.1) STOP

LOCATE s 1§

IF (NPRINT,EQ,4) PRINT 418, NSEC,LOCATE

1F (NSEC,NEL 1) GO TO 390

NTIMES = NTT/NMAX®!

NMM 8 NMAX

DO 340 Imy,NTIMES

IF (I,EQ ,NTIMES) NMM @ NTTaNMAXa(Ie})

IF (CONVER,EQ,P,0 ,0R ,CONVER,ED,1,?) GO TO 330
READ (S,382) (HEAO(J),Jsi,NMM)

NO 324 Jel,NMM

HEADCJY s HEADCJ) #HCONV

PRINT 830, (NUMBER((I=1)aNMAX+J),HEAD(J),Jo],NMH)
RNMH = NMM#2,

CALL DPW (IPTR1g,I#2,«1,HEAD,RNMM)

PRINT %22

REAN (95,372) NSEC

CONTINUE

c-..-..--..-.-----.--.-.----.---..--..-------..------.-.-.-.----....-..'
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NODES FTN /TRIRLOCKS/WR
¢ FORMATS
c..-------.-- .--.-.-...-.....------’.---......-'...Q.-..Q-..-.-.--.'-.-Q

2139 368  FORMAT (11,14,8F10,2,319,/72(6(F8,1,15)7))

2196 hRJ] FORMAT (13,14,F12,0)

o157 380  FORMAT (16F%,0) )

2198 39@  FORMAT (/° WARNING ## CHECK . TOTAL DEPTH®,F8,2,° FOR NOOE ¢,1S5/)

2159 ap0 EORMAT (2X,°COPY OF COURDINATE DATA CARD*,13,14,4F10,2,315,/32x%,2(
*6(F8,1,1I%)7))

CTYY) 418  FORMAT (° NSECs”’,13,° AT LOCATION®’,13)

P16y 420  FORMAT (? NEW NONE s PREVIOUS=KK®,15,’ KSAVE’,1S5,* NODExf?,]S,
+’ INTERFACE *,15)

2162 430  FORMAT (219,3F10,1,F19,3,3E14,3)

2163 849  FORMAT (° HOW COME THE NEW KK*,15,718 SAME AS PREVIOUS*,I5,’ NODE’
4,15, INTERFACE’,IS)

0164 450  FORMAT (7/7)

2169 46@  FORMAT (* NODE*,IS,’ GREATER THAN LNPT’,15,° PROGRAM SHALL 8TOP?*)

2166 470 FORMAT (¢ PRESENT NODE 1387,15,¢ # PREVIOUS NODE WAS *,15/)

2167 480  FORMAT (1H1//,120(%=*)/,13X," COORDINATES AND OTHER DETAILS OF EAC
«H NQNE?/,12@(?=")//,4X,* INTERNAL USER X-COORD, Y=COORD, 1=
+COONRD, INJTIAL “,°TEMP C OEG RHO XMEW CONCENTRATION FACTOR?/4X
+," NNOEWN NODE#’, 33X, HEAD’,32X," PPM’)

0168 490  FURMAT (/5X,°PRESCRIBEV NTTe”,15,* WHILE NEEDED 1%87,15,//5X,*N O
T E " «PROGRAM 8S8HALL BE STOPPED")

169 SOB  PORMAT (//5%,’PRESCRIBED MAXIMUM NODE NUMBER QF SURFACE NODE READ
+ AS°,19,° WHILE DIMENSIONED FOR(LNPTY?,IS,//910X,* P R O G R A M
+ S TOoPPED #9488 CHECK THE INPUT DATA QR CHANGE THE DIMENSION
+*/77)

2172 %10 FORMAT (/18X,”TOTAL NOUES IN SYSTEM=’,T8@,17/,10%, ’NUMBER OF SURFA
+CE NODES?,TBU,17,/104X, ”MAXIMUM NUMBER ASSIGNED TO THE SURFACE NODE
+°,TA0,1772)

017y 520 FORMAT (7120(%=?)/)

2172 s30 FORMAT (1H1//,120(%=f)//,5%, PRESCRIRED INITIAL CONDITIONS’/120(’~
+9)//,208(4(° NODE#*,16," HEADS’,F8,0)/))

0173 RETURN

yTa END

PROGRAM SECTIONS

NAME S12¢ ATTRIBUTES

SCONEY AAS3ITR  (any Ru,1,CON,LCL

$PDATA Qw2042 17 Rw,D,CON,LCL

$1D0ATA  Qap2370 6«36 RW,0,CON,LCL

SVARS eanTi4 232 Ra,0,CON,LCL

STEMPS 202V10 4 RW,DsCON,LCL

HDR 200274 94 Rw,0,0VR,GRAL

NQOODES 2193200 3ol Rw,),DVR,GRBL

vis ano3an 99 RW, D, OVR,GBL

e 8888, 220004 qA9s RW,D,QVR,GHL

TOTAL SPACFE ALLOCATEND = W4SSSA 96592
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FORTRAN IVePLUS V32510 16102132 13=3EP=T79
NODES,FTN

200y
gge2
203
[ 1. LL)
20023
Qoes
gear
Qons
2299
oo10
ooty
9012
oe13
eel4q
2013
Q216
"e17
o018
2219
ee2o
oa2y
enee
eaas

PROGRAM
NAME

SCOnE}
SIDATA
SVARS

STEMPS

100

129

139
140

SECTIC
8!

CELETYH
?poQ40
pP002e
paoea2

/TRIALOCKS/HWR

SUBROUTINE MEW (XMEW,NVISC,CON,V1SC,CONC)
DIMENSTON VISCCNV1ISC), CON(NVISC)
DO 130 1si,NVISC

IF (CONC,GT,CON(1)) GO TO 130

TT » CANCI)

IF (CONC,NELTT) GO TO 1Q@ )
YY = VISC(I)

60 70 149

IP (I ,NE,1) GO TO 1@

YY » VI1S8C(})

G0 70 142

IF (I,NE,NVISC) GO TO 120

YY » VISC(NVISC)

60 TN 142

NIF = VISC(I)aVISC(Iet)

COIF & CON(1¢1)eTT

YY = VISC(I)={(DIFa(CONCeTT)/COLF)
G0 Y0 t40

CONTINUE

YY » VISC(NVISC)

XMEW ® VY

RETURN

END

NS

4.4 ATTRIBUTES

193 RuW,I,CON,LCL

16 AW,0,CON,LCL
9 RW,D,CON,LCL
1 RW,D0,CON,LCL

TOTAL SPACE ALLOCATED » ROB546 179

sLPSENODES
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FORTRAN IVePLUS V32e51D 16102137 13«3EP=79 PAGE 1
BONDRY FTN

ea0t
een2
eeal

egaq
0003
2006

Qeeay
0028
2209
o010@
galy
oa12
0013
go1a
n018
0016
a1
eo18
2219
2o2n
on2y
oe22
2023
op24
en2s
aa26
ooy
002s
Q029
003n
o034
ea32
2233
2@34
ep3s
ea3g
2037
2238
20%9
1. 1)
2041
2042
oMnas
2044
204as

c

/TRSALOCKS/WR

ftnannn RAONDRY FTN anaxanasent

c-.---..---------IQ.----.-------..--.-....-.----------.--.---.-q.--....-

c

SURAROUYINE FOR READING THE BOUNDARY CONDITIONS

c------...--.-.--..----.--.-Q-......--.qw----p-..------.-..--.-.--.---..

100

SUBROUTINE BONDRY (NSTOP,NSEC,NPRINT,NSEA,HCONV)

INCLUDE ’HDR.FTN’

COMMON/HDR/ZLNPT NTT ,NBPTC,NBFPTC,NSTREM NPT ,NSELEM, NELEM, NODMAX,
ANONZER,NADy HATN,KTYPE ,NMAX ,NSTIF ,NTIME,NSTORE,NOUM, TITLE(20),
#0P1,0P2,0P3%,0P4,nPS,0P6,DPY,NP89,0P10,DP11,0P12,0P13,0P14,0P15,
#0P16,DP1Y,DP18,NTSURF ,NESURF

COMMON NUMBER(256@),TOENT(T768),LAYERS(768)

COMMON/BLK1/NODE(2048) ,NQDB(768)

COMMON /BNDRY/RIV(768),BIVF(128),STREAM(128) ,ELEVA(6),NF(6,128),
+NPOINT (128) ,NPLUX(T768),LENGTH(768) ,ELEV(768),NODBF(128)

DIMENSION HEAD(236),X(256),Y(2%6),2(2%6)

CALL DPFILE (1,?BOUNDCOND’,DP7,1IPTRY)

CALL DPFILE (1,°HEAD’,QP14,IPTRLQ)

CALL DPFILE (1,°XYICOR’,0P3,IPTRS)

LP = 512

1 =1

LOCATE ®» 2

IF (NPRINT.EQ,d) PRINT 359, NSEC,LOCATE

I1F (NSEC,NE,2) GO TO 1602

NMM o 0

NMAXS = 768

PAG » @,

CALL OPR (IPTR14,PAG,HEAD,S12,)

CALL OPR (IPTRS,PAG,Z,912,)

1FLAG s |

IF (HCONV,EQ,B,0,0RHCONV,EQ,14@) IFLAG » 2

00 140 Isy,19000

READ (9,320) NSEC,MP,81

IF (NPRINT,EQ,4) WRITE (6,368) NSEC,MP,B?

IF (NSEC.NE,Q3) GO TO 162

IF (1.6T.,LP) GO TO 192

IF (IFLAG,EWQe1) BI » BINHCONY

NT » MOD(MP,iR02)

NT & IDENT(NT)

IF (NY.LE,B,O0R,NT,GT,NTT) GO TO 130

DO §1238 JeNT,NTY

1P (MPNE,NUMBER(J)) GO 10 120

NODR(I) = J

NM & (J=1)/NMAX

tIF (NMEQ,NMM) GO TO 100

CaLL OPW (IPTR14,PAG,HEAD,S12.)

NMM = NN

PAG & NMap2,

CALL DPR (IPTR3,PAG,Z,312,)

CALL DPR (IPTR14,PAG,HEAD,S312,)

M & JaNMaNMAX

IF (RI_NE€,8,0) GO TO 110

IF (2(“),GE,3,R) 6D TO 118

IF (NSFA,EU.¥) GO TO 112

o e L L e P L e R L P PR L PR R R L R A S L R LR L L L L]

c

THIS IS NONE FOR ACCOUNTING SEA WATER DENSITY

T L L T L DR e L P P T R P L L L L L P L L DL L D R L ]
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FORTRAN IVv=PLUS V02=5{D 16102137 13-8SEP=T79 PAGE 2
BONDRY FTN /TRIRLNCKS/WR

anae Bl n =Z2{N)*R,329
onAay 110 HEAN(M) = B]
2048 AIV(1) = Al
20439 60 TN 140
"I, 21 122 CONTINUE
an% 130 PRINT 37, I,NONDA(T),NT
2352 NODH(]) s O
2093 140 CONTINUE
2954 GO T0 160
20538 150 N3TNP = 1
pass PRIMT 3Aa, LP,I
00%? sT0P
2058 160 NAPTC » e}
2859 CALL NPW (1PTR14,PAG,HEAD,S12,)
enen TF (N#PTC,LT.3) NBPTC @ 2
.I-.I¥] NO 174 Jsy,LNPT
LY LENGTH(I) = 0
063 ELFV(T) » AP
Pa64q 170 NFILUX(T) » @
006% 1 =9
2066 NSTREN = @
o6y LUCATE = 3
oL 1Y ] IF (NPRINT,EQ,48) PRINT 35S, NSEC,LOCATE
ene9 TF (NSEC,NELS) 6N Tu 229
aaTn NMM = 2
anTy PAG & NMMa?
ante CALL DOPR (IPTRI,PAG+20,,X,512,)
fnAT3 CALL NPR (IPTR3,PAG+dn,,Y,512,)
Anva 180 T = 1¢#y
2NTS NG 1949 Jeg,4
eule 190 NF(J,I) = @
oarTYy READ (5,338) NSEC,NFF,STREAM(I), (NF(J,1),ELEVA(J),Ja},NFF)
on78 NPOINT(I} ® NFF
2979 IF (NPRINT.EQ,4) PRINT 3an, STREAM(I),NFF, (NF(J,1),Js1,NFF)
1Y) IF (NSEC,NE,Q) GO TQ 242
LELY] 00 219 Jay,NFF
n282 NN = NF(I,I)
LLE] N = TDENT(NN)
- LLE] NFLIX(N) s
ANRS ELEVIN)Y = ELEVA(J)
LYY NM = (N=1)/NHAX
@BORTY IF (NM_FQ NHM} GO TO 203
2088 NMM =& NM
20a89 PAG = NM#2,
2099 CALL DPR (IPTR3,PAG+27,,X,512,)
2991 CALI, DPR (IPTR3,PAG+R3,,X,%12,)
on92 200 M 2 N=NMeNMAX
c CHECK THFE LENGTH QF STREAM
293 IF (J1,EQ,1) 60 Tn 219
a994a LT » Q,548RT((X(M)=XPRE) 242+ (Y(N)=YPRE)4#2)
9093 LENGTH(IN) & LENGTH(NI+LT
3096 LENGTH(NPRE) & LENGTH(NPRE)LT
2a97 21@ NPRE ® N
294 XPRE ®» X (M)
8999 YPRE = Y (M)
nlog GO 10 187
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FORTRAN IVePLUS vA2=%10 16102137 13e82P=79 PAGE 3

BONDRY,FTN

0101
2102
e103
2104
2108
2106
0107
2108
2109
2110
0111
2112
e113
2114
0113
2116
2117
0118
2119
2120
2121
0122
0123
@124
0128
2126
0127
2128
2129
2130
2131
8132
2133
2134
2139
0136
2137
2138
@139
2140
214y
e142
8143
2144
pyas
2146
0147
8148
8149
2150
2151
2182
8153
2154
915%
2156

229

230
249

259
269

2re
280
290

3pa

310
j2e
332

/TRIBLOCKS/HR

IF (1.6Q,8) 1 = ¢

NSTREN s =i

IF (NSTREM,LT,08) GO TO 240

IF (NPRINT,LE,1) GO TO 240

00 230 Isy,LNPY

IF (NFLUXCI) (EQ,2) GO TD 230

PRINT 39Q, 1,NUMBER(I),LENGTH(I),ELEV(])
CONTINUE

LNCATE = 4

IF (NPRINT,EQ,4) PRINT 390, NSEC,LOCATE
CALL OPCL (IPTRY)

NBFPTIC = O

NODBF (1) = @

BIVF(1) = 0,0

IF (NSEC,NE.8) GO TO 292

DO 273 Ism§,NTT

READ (%,320) NSEC,NONBF(I),RIVF(I)
IF (NPRINT,EQ,3) PRINT 430QQ, NSEC,NODBF(I),8IVP(I)
IF (NSEC.NE,@) G0 TQ 282

NP = NODAF(])

NT = MOD(NP,1004)

NT « IDENT(NT)

IF (NT LE,Q,0R NT,GT ,NTT) GO TO 200
DO 250 JeNT,NTT

1F (NP ,NENUMBER(J)) GO0 TO 290
NODRF (1) » J

G0 T0 274

CONTINUE

PRINT 410, I,NOOBF(I),NT

NODBF (1) = @

CONTINUE

NBFPTC = 1=}

LOCATE s §

IF (NBAPTC,EQ.d) PRINTY 490

CALL DPW (IPTR7,m,,NODB,768,)

CALL DPW (IPTRY,3,,B8Iv,1836,)

CALL DPW (IPTR7,9,,NPLUX,T68,)

CALL DPW (IPTR7,12,,LENGTH,768,)
CALL DOPW (IPTR7,1S5,,ELEV,15368,)
CALL DPW (IPTR7,21,,NPOINT,128,)
CALL DPW (IPTR7,22,,8TREAM,2%6,)
CALL DPW (JPTR7,23,,NF,T08,)

CALL OPW (IPTRT,26,,NODBF,128,)
CALL DPW (IPTRT,27,,81VF,256,)

CALL DPCL C(IPTRT)

IF (NPRINT,.EQ,4) PRINT 332, NSEC,LOCATE
IF (NPRINT,LE,1) GO TO 312

IF (NBPYC,ER,0) GO T0 300

PRINY 420, NSPTYC, (NUMBER(NODB(1)),BIV(1),Isi,NBPTL)
PRINT 430

1F (NBFPTYC,EQ,P) GO TO 310

PRINT 44n, NBFPTC, (NUMBER(NODBF(Y)),BIVF(1),1s1,NBFPTC)

PRINT a3n
RETURN
PORMAT (I1,14,F10,0)
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FORTRAN IV=PLUS V@2=91D 16302137 13«8EP=79 PAGE §

BONDRY ,FTN
2157 340
0198 338
n1%9 360
9160 3702
a161 180
0162 392
0163 age
2164 410
9165 420
at166 430
2167 849
2168 L1
9169

/TRIRLOCKS/WR

FORMAT (* STREAM NAMES’,Ad,? TOTAL NODES=’,IS,* THE NODES AREse?,
+101%)

FORMAT (° NSECs®*,13,° AT _LOCATIONe?,13)

FORMAT (°* CUPY OF HEAD 8,C, CARD *,11,15,F10,2)

FORMAT (¢ FOR T » ¢,18,° THE BOUNDARY NODE PRESCRIBED A87,1%,° NO
+ CODRDINATES WABE BEEN READ « NT8’,110)

FORMAT (//,9X,"PRESCRIBED POTENTIAL B,C, ARE*, 1S, WHILE ALREADY RE
#AD ARE,18//,8%,°N O T Ewu = PR OGRAM STOPPED /20K,
+*CHANGE NBPTC VALUE AND ASSOCIATED PARAMETERS DR CHECK THE ERRO
4R IN INPUT 0OECK*//)

FORMAT (¢ INTERNAL NOOE#?, 1%, GIVEN NODES’,I9,” TOTAL LENGTH REP
SRESENTED?,19,° ELEVATIONE?,F12,1)

FORMAT (* COPY OF FLUX B,Cs CARD *,I1,19,F10,2)

PORMAT (¢ ERRQR ## ERROR IN FLUX NODE READ FOR =’,14,* NODE GIVEN
+¢,18,¢ FOR WHICH NO COORDINATES GIVENe= NTu’,110)

FORMAT (1HL1/7,12@(%«")/,9%X,*TOTAL NUMBER OF NODES WITH PRESCRIBED
¢ HEAD 8,C, AREs®,1108/,128("=*)//,200(4(* NODES”,16,! HEADe?,FR,2)/)
+)

FORMAT (/180(’=*)/)

FORMAT (1H1//,128(°=")7,3X,°TOTAL NUMBER OF NODES WITH FLUX B,C,s?
+,110/,13@(*=*)//,200Ca(° NODE#?,16,” FLUXS?,610,3)/)) _

FORMAT (/120(?8°)//,18X%,*SINCE NOT A SINGLE POTtNT!A% 8,C, GIVEN’Y
+THE SOLUTION OF PROBLEM SHALL NOT BE UNIGUE,*//,10X, CHECK THIS AS
+PECT BREFORE RUNNING OTHER PROGRAMS ##8 IMPORTANT!//,120('s%)//)

END

PROGRAM SECTIONS

NAME

scobEy
SPDATA
SINATA
SVARS
STEMPS
HDR
.SSSS.
8Lk}
BNDRY

SIZE ‘ ATTRIBUTES
794726 1299 RW, 1,CON,LCL
200134 a6 RW, 0, CON,LCL
en23ie 412 RW, 0, CON,LCL
710073 20276 R#W,DyCON,LCL
anoe2 s RW,DyCON,LCL
agA274 94 RW,D,0OVR,GAL
220002 4096 RW,0,0VR,GBL
213092 2816 RW,0,DVR,GAL
#3023¢ 6196 RW,0,0VR,GBL

TOTAL SPACE ALLOCATED = 103020 17160

+LPL2BONORY
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FORTRAN IVePLUS VD2-510 161023109 13«8EP=T79 PAGE 1
ELEM FTN /TRIBLOCKS /KR

c tunannnnnnt ELEM FIN annwensatnanntd
c-.....--.--------.-..--...-O--...-..--.----.---.--..--..-..-..--..-.-I.
c SURROUTINE FOR FORMATION OF ELEMENTS
c...--.-.-...------...-..-..'.-.---...-...-----.-..--.--.-...-..-.-.-..Q
o001 SUBROUTINE ELEM (NSTOP,NSEC,NPRINT,NPINCH)
LT.LF] INCLUDE ‘HOR,FTN¢
2003 « COMMON/HOR/LNPT ,NTT ,NBPTC,NBFPTC,NSTREM, NPT ,NSELEM,NELEM,NOOMAX,
* SNONZER,NAD MATN,XKTYPE ,NMAX (NSTIF ,NTIME,NSTORE,NDUM, TITLE(20),
* #DP1,DP2,0P3,0P8&,0PS,0P6,0P7,0P89,DP10,0P1Y,0P12,0P13,0P14,0PLY,
* #0P16,0P17,0P18,NTOSURF,NESURF
2004 COMMON NUMBER (2560),IDENT(768) ,LAYERS(768)
a0es COMMON/BLK1/NODE (2048) ,NODB(T768)
a00s COMMON /ELEM/NY,NNT,NOONEW (44) , MM yNDUMM, NOELEM,NHEAD,MIXNOO(8)
Q007 CUMMNN/ZEL/NYES(2402) ,NM(44) ,NOD(44) ,NNODE(44),ANJ(8) )NENAME(2560)
0028 DATA ANJ/SHONE,3HTWOD,dHTHRE, aHMXED /
2009 CALL DPFILE (1,7ELEMENTR?,0P8,IPTRY)
sala KL ® NPT
2ot NO » 44
egie D0 132 11,2400
2013 100 NYES(]) » @
0014 NODMAX = @
@e1s NELEM = B
2016 NSELEM » 2
eo17 IF (NSEC,NE,S) GO To 382
2018 00 377 1Es1,2600
eo19 INNN o @
ee29 DO 1102 1l=g,NO
021 119 NQO(X) = @
go22 READ (S,%2@8) NSEC,K,N1,NN, (NOD(J),J=1,NN)
on23 IF (NPRINT,EQ,4) PRINT 668, NSEC,K,NL1,NN,(NOD(J),Js31,NN)
2024 IF (NSEC,NE, @) GO TO 380
202% IF (NSELEM LT K) NSELEM » K
Q026 IF (N1,EQ,3) READ (5,533) (MIXNOD(I),I»i,q)
po2r 1P (N1,EQ,Q,AND NPRINT,2R,4) PRINT 670, (MIXNOD(1),1%1,4)
oa28 IF (N{NE_ D) GO TO {70
2029 DO 160 I=4,4
030 NKT = MIXNOD(I)
2031 MD{ ® NKT/100@
eo32 MD2 s MOD(NKT,130)/190
2033 MD3 s MON(NKT,$Q)
2034 IF (MDS,NE,1) PRINT 620, I,K,MD3
203S IF (I1,67,2) GO TO iS¢
o036 IF (MD],EQe2,ANO NOD(S),EQ,@) PRINT 5S40, I,MIXNOO(I),K
ea37? IF (MD1,EQ43.AND,NOD(9),EQ,®) PRINT 840, I,MIXNOD(I),K
003s IF (MD1,EQ,3,AND NOO(L®),EQ,@) PRINT S48, I,MIXNOD(I),X
0039 IF ¢1,60,2) GO TO 130
2040 120 IP (MD2,FQ,3,AND,NOD(13),EQ,@) PRINT 5S40, I,MIXNOD(]),K
241 IF (MN2,E0.3,AND,NOD(E8),EQ,2) PRINT %43, I,MIXNOD(I),K
I.LY IF (MD2,BQ.2,ANDNDD(T),EQ,R) PRINT 540, I,MIXNOD(I),K
2043 IF (1,87,2) GO TO 140
2044 GO Y0 t6a
204s 132 IF (MD2,EQ<3,ANO,NDD(15),.E0,R) PRINT 540, I,MIXNOOD(I),K
2n4de IF (MD2.,EW.3,AND,NON(16),ER,A) PRINT 540, I,MIXNOD(I),K
or4y IF (MD2,EQ,2,AND,NOD(8),EQ,.D) PRINT Sq@, I,MIXNOD(I),X
o048 IF (1.,67,2) GO TO 14@
2049 80 YO 160
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ELEM,FTN

oeso
desy
ons2
2033
@034
29SS
2056
00S?
eo5a
2939
1. L1)
Q061
2062
2pe3
ore4q
oass
2066
Beer
0068
fQe9
eaTe

Qa7
pore
oers
2074
0B7s
2078
spty
2078
2079
ecs8o
(1L}
oBs2
on83
LLLL
opas
2086
naar
2088
0089
faa9%e
2091
2092
2993
0094
@093
2096
e2o97?
2098
0299
2199
09191
2192
f103
2174

140

1%

160
170

180

198

219

220
23a

R40

/TRIALOCKS/WR

IF (MD1,EQ,2,AND,NOD(S) ,EQ,DB) PRINT 5S40, 1,MIXNOD(I),X
IP (MN{,EQ.3,AND,NOD(11),EBQ,®) PRINT S48, I,MIXNOD(I),K
IF (MD1,EQ,3,AND,NOD(12).EQ,8) PRINT 340, I,MIXNOD(I),X
GO TN 160

Ir (1,£Q,3) GO 70 {30

Ir (1,6Q3,4) GO 7O 12@
CONTINUE

CONTINUE

MAX ® O

MIN ® {00

00 180 [wi,NN

ND s NOO(I)

IF (ND,EQ,3) 60 YO 18@

LLL ® LAYERS(ND)

IF (MAXLT.LLL) MAX » LLL
NT » IDENT(ND)

LTOP = NUMBER(NT#1)/1000
NMCI) = NT

IF (LTOP LT MIN) MIN o LTOP
CONTINUE

00 362 [Taj,MAX
IF(ITNELL) NN » &

NOL = @

DO 19@ Ief,306

NODNEW(I) = @

NNODE(]) s @

NO 22@ Isi NN

tF (NOD(1),EQ,Q) GO TO 209
NNODE(I) e NOD(X)

CONTINUE

NN2 = 18+NN

NO 232 lei{7,NN2

NP s lelb

IF (NOD(NP) ,EQ,@) GO TO 230
NT & NM(NP)#}

LLL = NUMBER(NT)» 001

IF (LLL,EQ,MIN) GO Y0 210
IF (NPINCH,EQ,Q) GO YO 229
MIN = MINelL

GO YO 380

NOty = 1

NNONE (I) = NUMBER(NTY)
NOD(NP) s NNODE(1)

NM(NP) = NT

60 TO 239

NNONE (1) = NOD(NP)
CONTINUE

MM1 8 MIN

MIN 8 MIN#i

IF (NO{,EQ,03) GU TO 3460

DO 249 I=1,4

NODNEW(1+4) = NNODE(I+1s)
NDDNEW(L) = NNODE(I)

IF (N{,EQ,1) GO TO 299
NODNEW(S) = NNODE(S)
NODNEW({14) & NNODE(s&)
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FORTRAN TvePLUS V#2=51D 16333109 13~8EP=719
ELEMJFTN /TRIRLNCKS/WR

[ B Y%A NODMNEW(11) = NNQDE(21)

2106 NDDHMEW(12) = NNODE(22)

2107 NONNEW(13) = NNODE(T)

21m8 NUDNFEW(1d) ® NNODE(A)

9129 NONHEW(]S) = NNODE(23)

2119 NONNEW(16) ® NNODE(P24)

0111 IF (N1,ER,2) GO YO 250

9112 NODNEW(21) = KNODE(S9)

P11 NDOPMEW(22) ®m NNODPE(1Q)

2114 NONNEW(23) ® NNODE(11)

n11s NONNEW(24) = HNODE(12)

2114 NODHEW([RS) = NNODE(2%3)

a11y NODHEW(R6) = NNORE(264)

2118 NONPMEW(2T7) ® NNUDE(27)

ni19 NOONFW(2R) ® NNNDE(28)

Mgea NUDMEW (29) & NNONE(13)

aq24 NODNEW (3d) » NNODE(14)

n122 NODMEW(31) = NNODE(13)

2123 NONHEW32) @ NNODE(16)

AL24q NONDNEW(3Y) s NNODE(29)

2125 NODNEW(34) = NNDDE(3Q)

w12¢ NONNEW(33) = NNONE(31)

8127 NONNEW(3a) ® NNNNE(32)

n128 752 NMT un 34

2129 NCOYNT 8 8

n13a NNT = 8

21384 DO P60 [29,NMT

@132 IF (NODNEW(I1),EQ,B) GO TO 260

@133 NNT = 1

a13%4 NCOUMT = NCOUNTe{

a13s 260 CONTINIE

2s3s 1F (NCOUNT,GT NONZER) NUNZER = HCOUNT
2137 Dy 270 21,4

9134 270 MTYNOD(I+4) ® MIXNODC(])

8139 NOFLEM = K+(IT=1)n1000

Ayde NHEAD o @

pqay IF (MPRINT.LE,1) GO Tn 342

P142 IF (1T, EN,1) 60 T0 280

2143 IF (NPRINT EN,S) 60 YO 297

2144 G0 TO 309

21453 280 IF (NPRINTLEW,S) PRINT 593, NUELEM
21464 29 M5 = Nt

@14y IF (N1,EQ,8) MS = &

Aqa8 NE a NOELEM

?149 PRINT 550, NE,ANJ(MS),MM1,NNT, (NODNEW(I),Iwq,8)
0”159 IF (N1 _EN,2) PRINY AS@, (NODNEW(I},]=9,20)
1% IF (N1,EQ.3) PRINT 640, (NDDNEW(TI),In21,48)
2152 IF (N1 _NE.?) GO TO 302

2153 PRYNT 630, (NONNEW(1),Il1u9,NNT)
2154 PRINTY 570

A1S% PRINT 602, (MIXNOD(I),I=1,8)

2156 380 DO 350 Isy,NNT

a157 NP = NODNEW(I)

2198 1# (NP .EQ.B) 60 YO 357

21%9 In s MNODINP, 1000}

gr169 ID » IDENMT(IN)
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ELEM,FTN

at64
o162
0163
9164
9163
0166
o167
2168
8169
@170
9174
o172
2173
2174
2178
2178
2177
0178
2179
0180
9181
2182
2183
2184
o188
2486
0187
0188

ng89
0190
2194
0192
2193
2194
9198
2196
2197
23198
9199
0200
o2ny
2202
0203
9204
D20S
220e
n2a7
02ns
9209
o2in
221y
212
0213

310

320

330

340
3%0

360
370
389

/TRIBLOCKS/WR

IF (ID NE B GAND,IDLLT,NTT) BO TO 3t0
10 = §

DO 320 JelD,NTTY

IF (NP NE NUMBER(J)) GO TO 329
NODNEW(CI) o J

NYES(J) = }

60 10 339

CONTINUE

PRINT 583, NOONEW(I),NOELEM
INNN » |

80 0 350

IF (NHEAD,EGQ,1) GO YO 3%0@

DO 340 KxK=i,NBPTC

IF (J NENODB(KKK)) GO TO 340
NHEAD »

GO tn 350

CONTINYE

CONTINUE

IF (NODMAX,LT NNT) NODMAX ® NNT
NELFEM « NELEM#}

ADR ® NELEM

NENAME (NELLEM) e« NOELEM

CALL DPW (IPTRQ,ADR,N1,%8,)
CONTINUE

CONTINYE

NESURF » 1E=f

IF (NESURF,LT,2) NESURF = 0

IF (NSEC,NE,7) 60 TQ 4r@

c-.-.O--...----q..ﬂ.--....-...--.--------.-------.---.-..---.--.-.-..---

c

NEW ELEMENT W31TH COMPLETE NODES OEFINED

c-'---.---P..'----.---..----..-.-...-..---..--...-..----...------.-...--

390

410

nND a%2 1Em},2%60

READ (5,920) NSEC,K,Ni, NN, (NOD(1),Iu],NN), MM}
IF (NSEC.NE,?) GO TO 469

1F (NPRINT,GE.2) PRINT S%53, X,ANJ(MS),NN,MM1, (NODCI),2s8,NN)
1F (N1,EN,1) GO TO 390

WRITE (2,%) ‘ELEMS®,K, *HASORDERHIGHERTHAN]IITISNOTUSED®
30 TO a%e

NNT 8 NN

NOELEM = K

00 442 Iwi,NNT

NP & NOD(I)

IF (NP,EN.P) GO TO 4d¢

10 = MOD(NP,1000)

10 = IDENT(ID)

IF (ID NE,2,AND,I0,LT NTT) GO TO 400

10 =

DO 41@ JelID,NTT

IF (NP.NE,NUMBERC(CJ)) GO TO a1@

NODNEW(I) & J

NYES(J) = ]

GO TO 42n

CONT INUE

PRINT S84, NOONEW(I),X

INNN = |

60 7O 440
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ELEM TN

2214
2218
n216
2247
o218
a219
p222
a224
Q222
el
9224
a22s
2226
0227
g228
@229
0alo
9231
9232
0233
0a3a
2235
2236
e23r
A234
239
2240
e24y
0242
2243
padqa
224%
Q24
A247
2248
o249
2239

231
0252

0253
2234

2255
22356
2257
22938

02139

0260
2261
2262
2263

429

439
a40

450
460
are

480
499

Seo0
510

520
539
S40

ssa
360

Sra
sae

%99
(1]
610
620

630

sag
6Sa
660
670

/TRIBLOCKS/WR

1P (NHEAD,EQ,1) RO TO 440
DO A32 KXK®{,NBPTC

IF (1, NE,NODB(KKX)) GO TO 43Q

NHEAD o |

GO TO a4n

CONTINUE

CONTINUE

IF (NUDHAX LT, NNT) NODMAX & NNT

NELEM = NELEMet

NENAME (NELEM) = K

ADR ® NELEM

CALL UPHW (IPTRA, ‘DR,N!(SG.)

COMTINUE k

IF (NPRINT,GE,2) PRINT a4, FADDED 3#0 ELEMENTS=’,IE={

IF (NPRINT,GE,2) PRINT 4123

J =@

N0 S17 Jag,NTY

IF (NYESCI),NE,1) GO TQ 519

IF (NRPTC,EQ,Q) GO TO 492

NO 480 Ksi,NBPTC

IF (NODB(K),EQ,1) GO TO %314

CONTINUE

J n Jet

IF (J.GT.XL) GO TO s@a

NODE(S) o ]

GO0 T0 S1@

NSTOP o |

CONTINUE

NPT 8

IF (NPT,GT.KL) PRINT 692, NPT,K|

IF (NPRINT,GT,1) PRINT 36D, NPT, (NUMBER(NOOE(]}),]lv1,NPT)

IF (NBPTC,EQ,®) PRINT 680

CALL DPW (IPTR4,2561,,NENAME,2%560,)

RETURN

FORMAT (11,14,1513/1615)

FORMAT (1613)

FORMAT (/¢ FORCORNER”,13,* MIXNOD’,IS,* IN ELEM#’,15,’ SEEMS TO 8
+E WRONG*/)

FORMAT (¢ ELEM®,?,14,” ORDER *,A3,¢ MAT#’,I3,? TOTAL NODES’,13,
+¢ CNORNER NODES’,B8ls)

FORMAT (1H1//,120(°=*)/,5X,4TOTAL NUMBER OF UNKNOWNS AREs’,110,°*
+THESE NOODES ARE AS GIVEN BELOW‘/,128(’=*)//200(1518/))

FORMAT (/)

FORMAT (° NUTE ##8s# FOR NODE#*,19,° IN ELEM#’,I5,7 NO COORODINATE
+8 ARE GIVEN'/)

FORMAT (/,1Ks120(°=¢%)/*  NEW SET BELOW ELEMENT #°,1%,/120(’=")/)
FORMAT (% MIXED ELEMENTeCORNER ORDER’,8114)

FORMAT ({MH1/7)

FORMAT (/,® AN AHA ## FOR NUDE®*,1%,° ELEM#’,15,7 VERTICAL
¢ ORDER 187,13, WHILE IT SHOULD BE 17/)

FORMAT (//° MID QUADRATIC NODES®,1218//,° MID CURIC NODES *,121
+8,//20¥,1218)

FORMAY (/¢ CUBIC NODES’,8X,1218/20%,1218/)

FORMAT (/° MID NODES’,10X,1218/)

FORMAT (% COPY OF ELEM, DETAILS # NODE CARD®,I3,14,1515/35X,181%)
FORMAT (* COPY OF CARD OF MIX~CORNER ORDFR DETAILS *,161%)
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ELEM,FTN /TRIALOCKS/WR

9264 680  FORMAT (/120(°9#°)//,10%,9SINCE NOT A SINGLE POTENTIAL B,C, GIVEN®®
+THE SOLUTION OF PROBLEM SHALL NOT BE UNIQUE,?//,18X,°CNECK THIS AS
+PECT BEFORE RUNNING OTHER PROGRAMS ### IMPORTANT?//,120(°8?)//)

8263 699  FQRMAT (//3K,'N O T E 8 aNUMBER OF UNKNOWNS ESTIMATED AREs’,15,/16
+X, WHILE THE PRESCRIBED ARE=*,I1S,* P RO GR A M S HALLBES
¢T 0P P E D®/,16X, CHANGE AS PER THE NEED PRINTED AT THE END'/)

0266 END

PROGRAM SECTIONS

NAME s$12¢8 ATTRISUTES
SCODEY @1ai0a 2p82 Rw,1,CON,LCL
SPNDATA Q02130 Y] RW,D,CON,LECL
SIDATA 002100 %544 RW,D,CON,LCL
SVARS emav7e 31 Rw,0,CON,LCL
STEMPS ROAMRYA 12 RW,0,CON,LCL
HPR 90274 94 Ru,0,0VR,08L
3838, 020020 anr9s RW,D,0VR,GBL
BLKY 013022 2816 RW,0,0VR,GBL
ELEM PAd164 58 RW,0,0VR,GBL
EL P23732 S1@Q RW,D,0OVR,GBL

TOTAL SPACE ALLOCATED = Q72072 14877

tLPISELEM .
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9.2 PROG2, PROGRAM LISTINGS

FORTRAN 1VePLUS VaReSLD 16133158 13=83EP=T79 PAGE 1
PROG2,FTN /TRIBLOCKS/WR
[ aaae PROGA,FTN anananane
c---...--------....--.Q..----.-----.--....--.-.‘..-..-..-’-.-‘-.q-ﬂﬂ
¢ SUB=PROGRAM TWO POR ESTIMATION OF THE GAUSSIAN INTEGRATION PARAMEY
c'.-...-.-..-.-..--....-.-...--..----.-.'--.----.-.-------.-....-------.
.13 BYTE MCR(AQ)
LI LF] COMMON /XYZ/X(256),Y(2568),2(258)
opPs INCLUOE “[311,3)HOR,PTN'
2004 « COMMON/ZHOR/LNPT ,NTT ,NBPTC,NBFPTC,NSTREM,NPT ,NSELEM,NELEM,NODMAYX,
* #NONZER,NOD)MATN,KTYPE,NMAX ,NSTTIF ,NTIME,NSTORE,NDUM, TITLE(2D),
. #0P{,0DP2,0P3,0P4,0PS,DP6,DP7,0P89,DP12,0P11,0P12,0P13,DP14,0P13,
* #0P16,)0DP17,0P18,NTSURF,NESURF
ITE COMMON ZELEMO/NE,NN,NOD(44), MM, NQW,NE,NHEAD,MIXNOD(8), Q
¢ WE10),x0W(10),YQH(10),2GN(10)
reas COMMON ZELEMY/NNN,NODNEW (20) ,MMIN, NQWN, SUMGW, NEN,NHEADN, X

+ 1JCOB(27) yXIDLEM(208),FIFJCAQQ),GIGS(400),
+ HINJI(QO0) , XIXJOR(4Q@), IDUM, AREA
geoy COMMON/TRACE/NPROGY ,NPROG2,NBAND,NPRO3T,NPROGS,NSUBS
3008 DIMENSION
+ XN(484Y,YQ(44),20(0484),F(44),G(Q4),H(A4),XN(a8),AAL(84),AA2(44),
+ AA3(a4),8CA(4a),ETA(44),E2A(a0) NSURFA(a4),xN2(44),XIDLE(44),
4+ 83(3),MCC(3),AA(3),00(3),BETAD(3),GQAWT(S),GAP0(S) ,NUMBER(2S%60)
aaag NATA B8CA /
+ =ler Yoo a0 *hesr *boy tar 140 ®ley Qp Rey B4y 0y
* wley Loy *las Les *lsr Vo0 14e 2las
4 @, 333333355333,,353333333333,~,33333335333%, ,533313333333,
+ =~ 333353353333, ,3333335335333,+,333333333333, 333333333313,
+ *ler =lar Sor ler =ler =ter Lo ay

+ wler Loy los Ser Vet Sap =lae =84/
c-'--.-.------‘...-..-...-.--Q....-I-.-qQ--..Q-..-----.....-.--...-.---.
0010 DATA ETA/
(LIPPER I FTRES YT YYRE I PY I 2 FY RS PR FYEE 2 PYEES FYEE : FY IS I
+ Ber Qay Bgp Gy =lyr =ley Lo Le0 ®hor *ler 14y Lay
+ wley ®ley Jot o4

#,333333333335, ,3335333333333,¢,333533333333,,333335333333 ,
+2,333338333333, ,333533333333,+,3333333333383,,333333333333 ,

+ “ler ®ley wlgy #ley 191 L4y o0 14/

2011 DAY E24/
+ Ter Ser ler Lar =lyy ol olyy =lgy Ler 14y =14y o1y
* fer ‘oo “ler =loy 0,y @,, 0,, L) fer  IY) ) )
+ olgs =lay ®ley ®lgy $ar Llar Ler Ler =legr =1a) =1, =1,

+ ,333333333333,+,333335333333,,3533353333383,+,333333333333 ,
¢ ,333333333333,+,333333353333,,333333333333,+,333333333333 /

[ T T Ty T T T e Y e T Y YT T T ]

a1 CALL GETMCR (MCR,18W)
o213 IF (ISW.GT.79) ISW u =4d
0014 1F (I8W,LT,2) GO TO 110
as1s DO 170 [=]8wey,80

0016 10 MCR(Il) o ¢ ¢
oo17 110 IF (ISW,GT.1) ISw = |

0013 IF (ISW,LT,2) ISW & =y
#9019 IF (ISW,NE.1) GO TO 130

2020 IF (MCR(S),EQ,* *,0R,MCR(S) EG,P) 13W = 2
e021 IF (ISW,NE.1) GO TO 138

ne22 NECONE (38,129,MCR(S) ) IUN,NPRINT
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en23
a024
oeas
geas
ge27
ooaas
LUEL
gale
a3y
9032
2033
0034
en3s
0036
on37
o038
0039
agan
2044
o042
o243
2044
paas
erae
ea4ar
opas
2249
2asa
0%
o0s2
0258
0854
0pSS
2656
ons7
oe%s
0039
260
0861
0o6e
o063
2064
2p6s
0e66
ooer
og6s
0069
2e7e

a7y
oara
0e73
2ara

120
130

140

150

160

170

180

190

212
230

240
250
260
ar1e

/TRIBLOCKS/WR

FORMAT (21%,7A4Q)

1P (13w, EQ,1) BO TO 148

WRITE (2,%) *ENTER FILE=R DISK UNIT’

READ (2,#) IUN

IF (IUNGNE.Y) CALL ASNLUN (1,°DP?,JUN,ISTAT)

1F (I94,2Q,1) GO TO 130

WRITE (2,%) YENTER PRINT OPTION (23,1,2)°

READ (2,%) NPRINT

caLL OPFILE (4,°TRACE?,1,,1PTR1S)

CALL DPR (IPTR18,2,,NPRDG1,b,)

IF (NPROG1.EQ,3) GO TO 160

WRITE (2,%) °PROG{ NOT COMPLETED THERFEFORE PRQG2 STOPPED’
sSTOP

CALL OPFILE (J,?DESCRIP?,2%,,IPTRY)

CALL OPR (1PTR1,0,,LNPTY,94,)

NPROG2 = @

CALL DPR (IPTR1,1,,NUMBER,2%60,)

CALL DPA (IPTR18,d,,NPROG1,6,)

CALL DPFILE (1,*XYZCOR’,0P3,IFTRS)

CALL OPFILE (1,’ELEMENTR?,DP4,IPTRA)

CALL OPFILE (1,°ELEMENT1¢,0P11,IPTRYY)

IF (NPRINT NE, @) CALL PTIME (&)

NMAXL = 2386

NODM! = 44

NONZY = 20

NQW] @ 19

NSTNP s O

IF (NMAXLE NMAX1) GO TO {70

PRINT 230

NSTOP 8 o

NMAY & NMAX)

IF (NODMAX,LE,NDDM1) GO TO 189

PRINT 240

NSTOP =

NODMAYX = NODMY

IF (NONZER,LE,NONZ1) GO TO 199

PRINT 25a

NSTOP » |

NONZER 8 NONT1

IF (NQW,LE,NGW1) GO YO 202

PRINT 260

NSTOP n |

NQW & NO1Y

If (NSTOP.,EQ.3) GO TO 219

PRINT 270

sToP

CONTINVUE

FORMAT (//10X,INCREASE THE DIMENSTON?,/13X,°0F PARAMETERS RELATED
¢°/,28X,°T0 TOTAL NODES®//)

FORMAT (//10X,”INCREASE THE DIMENSION’/,19X,’0F PARAMETERS RELATED
/7,20, '"¢LEMENT NODES®//)

FORMAT (//3%,*INCREASE DIMENSIONS?/,10X,°0F PARAMETERS ASSOCIATED®
*7,18X,WITH NONZERQ VALUES OF ELEMENT?//7)

FORMAT (//3X,*INCREASE THE DIMENSION?/,15X,?0F PARAMETERTS?/,25X,"
+RELATED TO NUMRER OF ¢/,33X,*SOURCE OR SINKS IN ELEM.?//)
FORMAT (//10X,°P RO G R A M ST OPPFE D BECAUSE OF AROVE’)
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PROGR,,FTIN /TRIBLOCKS/RR

Q07s NRR = @

2076 THIRD a 1,73

gar? THIR0Q & 2,/3

o078 R1924 = 19,/24

o079 R96a w 9,/64,

2080 No 738 IxXel,NELEM

"ILY] AREA ® 3,0

#0882 voL = 0,d

[-1'LB] AOR = X

0084 CALL OPR (IPTRA,ADN,N{,138,)

2085 114 tNPR!NY.NE.O) PRINT 28@, NE,NN, (NUMBER{NOD(I)),241,NN)

] 1.1Y 289 FORMAT (¢ NE’?,J%,¢ NN’,I3,° NOD?,201%/108X,2018/40X%,2019)

2287 MMIN & MM{

20838 NGWN & NGW

0089 NEN ® NE

2090 NHEAON s NHEAD )

2091 IF‘fNN.GT.NDONAX) WRITE (29%) *NE*sNE,? NN’ NN, *WHICH EXCEEDS NODM
*AX

2092 NO = 2

aAp93 IF (NN,GT,8) NO » 3§

@094 GoPOC(1) » 8,0

oR9s GOPN(2) o A,774596669241483

2096 GGPO(3) s ~(QP0O(2)

2097 GAWT(1) = 0,888088888888089

o098 CAWT(2) @ B,9959595558553%%

2099 GOWT(3) = GQWT(2)

3100 IF (NQe3) 290,310,300

Q101 298  GAWT(1) e 1,0

o102 GAWT(2) » 1,0

2103 GOPO(1) s 0,577330269189626

a1a4a GRPOCR) 8 «3,8773%50269189626

o308 GO TN 310

2186 300 GGPO(R) n 0,9061798439938464

ot1Q7 GOPOCY) » 0,53836931010968%

g108 BAPNC(4) & =GAPO(S)

o129 GOPN(S) s «=GAPO(P)

ai1e GOWT(1) » 2,5680888808888889

2141 GRWT(2) » 3,23692688%5094189

at12 GAWT(S) = A,8786286704991366

2113 GQWT(4) w GAWT(3)

2414 BQWT(5) » GQWT(2)

21158 318  CONTINUE

2116 JJ = @

2117 DO 3%A Jmy,NN

2118 K = NOD(J)

2119 1F (X,EQ,0) GU TO 350

2120 ADD = 0,0

e§21 NR & (K=1)/NMAX#}

at22 IF (NR,ER.NRR) GO TO 328

8323 ADR o (NRal)#2,

2124 CALL OPR (IPTR3,ADR,2,512,)

2129 CALL DPR (IPTR3,ADR+20,,X%,512,)

at2ar 328 KK w Ko (NRel)aNMAX

2128 NRR ® NR

0t29 XX = X(KK)
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PROG2,FTN

2130
2134
132
2133
2134
013s%
2136
137
2138
2139
0349
0144
8142
2143
0144
2145
2146

2147
0148
9149
21%2
2131
21932
2133
0194
2198
3156
2197
2158
2199
o160
Q161
2162
2163
9164
016%
Ag66
a167
2168
9169
e17e
AR A1
Q172
2173
2174
2178
217s
2177
2978
2179
2140
218}
2182

33o
340

359

/TRIPBLOCKE/WR

YY = Y(KK)

12 = I(KK)

IF (J,EQ,1) GO TO 340
J1 e Je}

00 339 Isy,J1

KK = NQD(I)

IF (KX ,EQ,8) GO TO 332
IF (KK NE,K) GO YO 330
ADD = «0,29%

GO YO0 Man

CONTINUE

JJ n JJed

X0CJ) = Xx

YO(J) = vYY

2Q(J) ®» Z2+A00
NODNEW(JJ) » K
CONTINUE

c-..-...--.----‘-..-.--....-‘..'--...'..-.‘.--..-.-....-.-.....-'-.-

¢

CHECK FOR ANTICLOCK WISE NODE DIRECTION

c..-.-.-....---.-.-.-...---.-.-----.----'..--.--Q-..-..-.-----..Q.-q

309

370

390

40Q
419

420

Al ® XQ(1)e(YQ(2)=YQ(A))*KAC2Ia(YQC4)=YQ(I))+XO(B)A(YQ(1)mYQR(R)
A2 & XO(2)2(YR(3)=YD(R))+XQ(3Ja(YR(4)=YQA(R2))*XA()a(YQA(R)eYQ(Y)
IF (A1+A2,GT,0) GO TO 360

WRITE (2,¢) "ERROR*#axERRORINELEM®,NE, NODESEQUENCE*
WRITE (6,%) *ERRORAwa4ERRORINELEM? ,NE, NODESEQUENCE?
NSTQP w |

AREAL & 7,0

DO 370 le),4

11 = 1ot

IF (I1.EN,Y) 11 » §

AREAL » AREAL14YQ(I)R(XQCII)wXQ(I))eXOCI)@(YQ(I2)aYQ (L))
IF (AREA1,LE,8,0) GO YO 380

WRITE (2,%) PERRORERRORAR#aaNDDESEQUENCEWNRONGINELEM? ,NE
WRITE (6,4) °ERRORERRORA%##aNODESEQUENCEWRONGINELEMY ,NE
N3TOP = |

NNN ® 3J

00 390 Isy,NNN

XIDLECT) » 8,0

XIOLEM(I) = 2,0

NSURFACI) = @

XIJCOB(I) » B,0

NXX 8 NNNa#NNN

DO 490 Isg,NXX

FIFJ(I) = 2,0

616J(I) = @,2

HIHJ(I) » 0,0

X1vJOB(Y) = 8,0

CONTINUE

00 410 Is1,3

AACYY) = 1,0

N0 680 Lei,NO

€Z = GOPO(L)

WW = GAwWT (L)

NO a2 Iwy,NN

NSURFA(I) = ©

DO KRB N=y,NO

)
)
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PROG2,FTN /TRIALDCKS/WR

2183 SC = GOPO(N)

0184 WSC = GOWY(N)wWW

91893 DD 680 Mug,NO

2186 EY = GAPQA(M)

0387 W s WSCARQWT(M)

2148 011 = 0,0

2189 012 » a,0

9390 D13 = 0,0

9191 D21 = 2,0

2192 D22 » 3,2

0193 023 = 2,2

9§93 031 & 0,9

219% 032 » n,0

0196 033 = a,0

2197 oxsc = 2,9

2198 pysc = 2,0

8199 0ZsC = 0,0

@2eo OXET = 0,8

0291 DYET = 0,0

gaeg DZEY = @,0

a2a3y 88¢1) = SC

g2e4 88¢2) = EY

-1k ] 88(Y) =« E7

a2ae DO 6@0 Img,NN

eza? IF (NON(1).£9,08). GO TO 642

0273 NSURF a o

@229 IF (L NE,1.0R,NE,GT,999) GO YO 440
gaia 1F (M,NE.1,0R N NE,1) GO TO 430
e211 IF (I,LE.4) NSURF = 1{

2212 1F (1,EQ,9,0R,1,EQ,10,0R,1,EQ,13,0R,1,EQ,14) NSURF » |
g213% IF (1,8E,21,AND,I,LE,24) NSURF = |
e2ts 1F (1,6E,29,AND,1,LE,32) NSURF s |
8215 NSURFALI) = NSURF

ezie 430 NSURF s NSURFA(I)
8217 440 DOC1) s SCA(D)

p214 DoC2) = ETA(I)

2219 NOC3) = EZAL(I)

222a DO 453 LT7e1,3

2221 a5g AACLT) w §+DO(LT)#SS(LT)

e222 tF (1,87,8) Go TO 520

gaeas ALP = 125

9224 BETA = 7,0

p22s SBETA ¥ @,0

Q226 ALPHA & 12%0AA(1)RAA(2)%AA(D)
a227 IF (NSURF,Ed 1) ALPHA2 m #,29+(1,+DD(1)%83(1))n(1,4DD(2)#88(2))
0228 MMM ® N{

0229 IF (N1,NE_,Q) GO T0 460

@239 . MCONE = MIXNOD(I)

223y MCC (1) = MCODE/1@@

a3a MCC(2) m MCOOE/1QeMCC(L1)nLD
2233 MCC(3) = MCODE=MCL(1)wlva@=MCC(2)*10
ea233 a60 DO S10 LT=y,3

a231% Ny = ON(LY)

2236 Sy = 38(LT)

2237 IF (NI NE_,B) GO TO 4§79

0238 MMM & MCC(LT)
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PROG2,FTN

LI 31)
0249
924y
paa2
#8243
9244
FLL
2240
8247
0248
2249
8249
@281
gasa
0253
P2%4
n2s9
229%6
e2%7
22%8
02%9
2260
9261
2262
2263
2z64
2269
@266
267
8268
3269
@279
8271
8272
0273
a274
Qars
e2re
8277
aarTe
82719
LY
0284
@282
3283
9283
0288
82486
0287
p2as
s289
Q2%¢a
8291
0ae2
2293
2294

qa70
480

499

Sed

510

520

339

330

ZTRIBLOCKS/WR

GO TO (483,493,%0Q4), MMM

BETA s BETACTHIRD

BETAD(LT) » 3,0

IF (LT.EQ,3) GO YO S51@

IF (NSURP,EQ.d) GO TO 310

SBETA = 38BETA+R,S

GO TO %10

BETA = BETA+D1#3{»THIRDR

RETAD(LT) = D}

IF (LT,80,3) GO TO S10@

1F (NSURF ,EQ,2) GO 10 S10

SBETA a SBETA+D1n810,9

GO TO %10

BETA o BETA#], 12%+31#31=R1924

BETAD(LT) & 2,295481

IF (LT, EQ,3) GO YO %10

1F (NSURF_EQ,2) 60 TO 340

SBETA o SBETA+!,125081281-5,/8,

CONTINUE

ANCI) a ALPHA#BETA

DVSC » ALPADO())wAA(R)AA(S)APETASALPHABETAD(YL)
OVET = ALP#DO(2)nAA(L)%AA(S)#BETACALPHA®BETAD(2)
OVEZ s ALPD)(3)aAA(I)*AA(R)#BETACALPHARBETAD(Y)
IF (NSURF EQ,0) 60 TO 590

XN2(1) & ALPHA2#3BETA

DOVSC = O, 2S4AAC2)4DD(1)#BBETAG,28¢AA(2)#AA(1)BETAD(Y)
DOVET u @,25%AA(1)#(0D(2) «SBETASAACR) #BETAD(2))
GO T0 %90

IF (1,67,2@) GO TO %%@

IF (1,67,12) GO TO 530

AAA ® (1=8CnS8C)e0,29

XNCTI) @ AAANAA(2)#AAL3)

DVSC s =, S#3CoAA(Q)nAALS)

DVET ® DN(2)aAAANAA(S)

DVEZ & DO(3)wAAANAA(2)

IF (NSURF,EQ@,®) GO YO 599

GO t0 s8¢

1F (1,6T,16) GO TO S4a¢

AAA = (1ET#ET)#a,28

XN(I) = AACL)MAAARAACS)

DVSC & DD(1)%AAARAA(S)

DVET 8 AA(1)e(=,SeET)nAA(Y)

DVEZ = AAC1)®AAARDD(Y)

IF (NSURF.Eu,d@) GO TO 599

G0 TO S8¢2

AAA ® (1«EZwEZ) N, 28

ANCE) o AACI)wAA(2)wAAA

DVSC s ON(I)IRAA(R)AAA

DVET ® AA(L)INDD(2)nAMA

DVE2 & AA(L)NAA(2)2(=,52E)

GO0 10 S99

IF (1.6T7.,38) GO TO 97D

1F (1,67,28) GO TO Sé2

AAA ® ROBAn(1~SCoSC)N(1494DD(1)28C)

ANCT) = AAARAA(2)#AA(3)

DVSEC 8 ROLAN(=2aSC+9400(1) 2 (1=3aSCwSCYInAA(2)2AALD)
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PROG2,FTN

0295
0296
2297
02938
2299
03va
230y
32
Q303
o304
a3es
2376
e3ar
0328
2329
9312
a3y
2312
2313
9314
2318
0316
2317
0318
2319
e32n
32y
0322
0323
0324
0323
0326
o3ar
832y
0329
2330
033y
@332
#3333
2334
09338
2336
2337
2338
2339

2349
@34y
@342
0343
2344
0345
2346
2347
0348
2349

560

S0

£ 1.1

599

608

610

JTRIBLOCKS/WR

DVET & AAA#DD(C2)wAA(S)

DVEZ = AAA®AA(2)20D(3)

IF (NSURF,EQ,@) GO TO 599

GO YD S840

AAA 8 RIGUn(I~ETHET)Iw(1¢92DD(2)#ET)
AN(T) @ AACL)wAAARAA(D)

OVSC ® DOCI)WAAARAA(S)

DVEY » AACL)WRI6AN(~24ET49aD0(2)w(1oSeETHET)) #AA(S)
DVEZ = AA(L)*AAARDD(S)

IF (NSURF,EQ.?) GO TO 590

G0 TN 880

AAA » ROGAN(J=EZwEZ)w(149+DD(3)¢ET)
ANCI) & AACLI)nAA(2)wARA

DVSC = DNCI)NAA(RInAAA

DVET s AA(CL1)90D(2)nAAA

DVEZ s AACL1)®AAC2)2RIGAn(w22ET¢9aDD(I)n(1e30E]0E]))
G0 70 990

DOVSC = OVSC#2,/AA(S3)

NDOVEY = DVET#2,/7AALS)

YN2(I) = XNCI)#2,/AA(3)

AL (l) = DVSC

AA2(I) » DVEY

4A3(1) = QVEZ

X ® x9(1)

Yea » va(l)

00 » 20(I)

Df1 = DVSC*XQAO+D1Y
D2t ® DVET#XWQ+D2Y
D31 ® DVEZ#XQQ+D3Y
D12 = DVSC*YQAQ+D12
D22 ® DVET#YQUR+022
N32 = DVE2eYQRQ+032
Di{3 » DVSCe20Q+D13
023 = DVET#20Q¢023
033 = DVEZ#ZGQ+D3Y

IF (NE,GT,1000) GO TO 620
IF (NSURF,EQ,92) GO TO 620
OXSC = DXSCeDOVSECAXOR
DysC = DyYsCeDOVECHYOQR
0z8C = 028C+00VSCHZQQ
DXET & DXET+DOVET«XQQ
OYET s DYETeDDVET#YQQ
DZEY = DZETSODVETALQY
CONTINUE

DU = D11#02200334012aN234031¢D134D210032=0134D224D31~D210012#033=D

+11#0320023
IF (NE.GT,999,0R,L.NE,1) GO TO 610
XYJACO ® DXSCaDYET=0XET#DYSC
XZJACO w NXSCADZET=DXETDZSC
YZJACO ® DYSCHNZET=NYET#DISC

DLEMDA & SURT(XYJACOaXYJACO4XZJACO®XZJIACOCYZIACURYZJACD)

OLEMNA ® DLEMDARGOWT(N)#GGWT (M)
AREA & AREADLEMDA

IF (DU,EN,2,0) GO TO 6232

Ny = 1,8/0U

BO TO 633
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233a
9331
0332
23353
2354

2339
2336

23%7
23%8
23%9
3369
0364
233682
2363
2364
2368
2366
2367
0368
2389
a37a
2374
8372
2373
2374
237s
8376
a3
2378
2379
23803
0381
0382
2383
2384
238§
2386
o387
23838
0389
8390
939
2392

09393
2394
239%
239p
2397
2398
2399
2409
2404

620

6302

640

630

660
(34" ]

6892
690

700

/TRIALOCKS/WR

PRINT 7308, NE,SC,ET,EZ,(NOD(T),X0(1),Y0(1),2Z0(2),281,NN)

GO TO 682

NQ 64@ Iaj,NN

1F (NOD(1),EQ,®) GO TU 649

FCI) = OUwCAAS (1) wD224D33+4AA3(1)wDI20023+AA2(1)aD324D§3=AA3(T) D22
SaN13eAA2(I)0D33aD I 2=AA) (1) 2D324D23)

G(r) ® DUACAA2(IIWDYI1aD33¢AA1 (L) wD23#D31¢AAS(I)nD21a0D13=2A2(1) D31
+a0{3=AAL(I)#D21wD33=0110AA3(2)0D23)

HEL) ® DURCAAS(2)aD11#022+4D120AA2CT1)#038¢D210D320AAL (1) wAAY (L) D22
+a031=N1240210AA3(])=D13#D324AAR(]))

CONYINUE

XxJcoB = §,9/0U

DU = XJCOB*W

Il « 0

DO 67¢ Isi,NN

IF (NOD(1).E0,0) GO TO 672

Il = J1I#d

Fl = F(1)aDU

G = G(I)e0U

HI » HC1)}ADU

ANI & XN(])

YNIDU = XNIw#OQU

JJ o @

NSURF a NSURFA(I)

IF (NSURF,EQ,Q) GO TO 650

NINDLEM(IT) ® XIOLEM(II)*XN2(I)#D|.EMDA

XInn w AN2(I)wOLEMDA

IF (NOD(J),EQ,9) G0 TOQ &63

JJ a JIef

FJ » FCJ)

GJ » GCJ)

M) & H(J)

XNJ e ¥N(J)

YINY & XNJoXNIOU

1130 = (1I=1)eaNNN+JJ

AIXJOBLITII) ® XINJOB(ITJI)XNIXNJ

FIFJOITIY) = FIPFJ(ITJJ)*FLeFd

GIGIJ(ITII) w GIGICITJJI@BInGY

MIHJC(ITIJS) = HINJ(ITJJ)eHInHS

IF (NSURF_EQ,0,0R,NSURFA(J),EQ,B) GD TO 668

AINLE(CIL) » XIDLECIT)+XNIDO#XNR(J)

CONTINUE

XTIJCOMCIL) = XIJCOB(II)¢XNIDU

CONTINIE

IF (DU.LT,P,) WRITE (2,%) °ERROR IN ELEM’,NE,"NODE SEGUENCE OR COO
%, RDINATES, JACOBIAN LESS THAN @,

VoL & vOL+0OU

CONTINUE

DO 6928 I#1,NNN

X1JcNB(I) = XIJCNB(2)/VOL

IF (AREA,GT,9,0,0R.NE.GT,999) GO TO 700

WRITE (2,%) "ELEM#’? ,NE, AREA<O ,0CHECKNODES=SHDULDBEANTICLOCK®
WRITE (6,») "ELEMS? ,NE; *AREACD ACHECKNODES=SHOULDBEANYICLOCK?
IF (NE LT,999 ,AND NPRINT ,GE,1) PRINT 760, NE,AREA,VOL

IF (NE,ER 1, AND NPRINT(NE,B) PRINT 710, NE,(1,XIJCOB(1),Is1,NNN)
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PROG2,FTN /TRIBLOCKS/WR

pg02 IF (NPRINT,EQ@,2) PRINT #, VOL,{X3JCOB(I),181,NNN)

#4013 748  FORMAT (* XIJCOB FOR ELEMENT*;14/,9(13,610,2)/3(9(13,610,2)/))

2404 ADRY ® (IXw1)wi3

0409 CALL DPW (IPTRI1,ADRY,NNN,3318,)

2306 1F (IX NE,1,0R,NPRINT,NE,3) GO 1O 739

p407 PRINT 770, (XIJCOB(I),1m1,NNN)

2408 1F (NE,LT,1@28) PRINT 828, (XIDLEM(I),I#i,NNN)

94R9 1J s |

2410 1J) s @

2411 DO 728 Imy,NNN

Pa12 1JJ = TJJeNNN

na13 PRINT 788, I,(FIFJCII),GIGJCIL),HIHICIL), 11 1J,20])

paa PRINT 792, 1,(XIXJOB(CI1),I11a1J,1J0)

0418 720 IJ s IJ#NNN

2a1s 738  CONTINUE

eay? 1F (NSTOP,EG.3) NPROG2 = |

2418 CALL DPW (IPTR18,0,,NPROGL,8,)

0419 IF (NSTQP,EQ,@) GO TO 740

Ma20 WRITE (2,%) *PROG2 NOT COMPLETE NUE TO NODE SEQUENTIAL ERROR INY,
87 SOME ELEMENTS® ‘

2a2y WRTTE (2,%) "REMOVE ERROR * RERUN PROG1 BEFORE PROCEEDING AMEAD?

8422 740 IF (NPRINT,NE,Q) CALL PTIME (o)

aaey $ToP ,

Ba2a 7S3  FORMAT (/¢ Dusa,B FOR ELM # *,1S,¢ SCs’,F10,5,° ETs ¢,F10,9,°
+2s ¢,F10,5,/32(* NODE?,1S,* %X » ,E{3,7,7 v s *,E13,7,' 2 s,
+E13,7//7))

2423 76@  PORMAT (7 ESTIMATION OF GAUSSIAN INTEGRATION HAS BEEN DONE FOR ELE
+N#d,1%,10x,F18,8,* eAREA AND VOL 27,G10,3)

9426 T7@  FORMAT (* XIJCOB OF ELEMENTS1’,/SB(12E10,3/))

Pa27 180 FORMATY (* FIFJ,GIGJ,HIHJ OF ELEMAY NOOE3®,13,/,50(12E18,3/))

8428 798  FORMAT (¢ xIXJOR OF ELEM,#3 NODE#’,13/,30(12610,3/))

2429 80@  FORMAT (4 XIDLEMDA FOR ELEM#1 ARE’/,%2(12£10,3/))

faza END

PROGRAM SECTIONS

NAME s11g ATTRIBUTES

SCONEY (14646 3283 RW,1,CON,LCL

SPDATA ©OA1RY8 286 RW,0,CON,LCL

SINATA 001783 s04 RW,0,CON,LCL

SVARS g20260 4184 RW,D,CON,LCL

STEMPg aaDN3a 18 RW,0,CON,LCL

xXY2 nB6RQ2 1536 RW,0,0VR,GBL

HOR ne0274 94 RW,0,0VR,G8L

ELEM® Q20424 (38 RW,0,0VR,GAL

ELEME 014734 13319 RW,D,0VR,68L

TRACE [-F-1. 1R ] ] RW,0,0VR,G8L

TOTAL SPACE ALLOCATEN = P64126 13393

,LP|-PROGE
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9.3 BAND, PROGRAM LISTINGS

FORTRAN IVePLUS V22510 1600584b 13=8EP=T9 PAGE
BANDFTN /TRIBLOCKS/WR
c aaaat RANDFTN snnnanandannn
c-.--.-.-.-..----...--.Q.-.-...------.--Q-.-.-...--------..-.----.-----.
o4 PRNGRAM TO FORM THE LOCATION OF ELEMENTS IN INITIAL SYSTEM MATRIX
c-----..-----.-.........----.-.--.-.-.-..-..--.ﬁ.-----...-...----.-----.
sany BYTF MCR(80)
0pn2 INCLUDE “HDR FTN?
0003 » COMMON/HDR/LNPT ,NTY ,NBPTC,NBFPTC,NSTREM, NPT ,NSELEM,NELEM,NODNAX,
» #NONZER,NRDyMATN,KTYPE ,NMAX )NSTIF ,NTIME,NSTORE,NDUM, TITLE (20},
" #0pPy,0P2,0P8,0P3,0P%,0P6,0PT7,0P89,DP10,NPYy,DP12,0P13,0P14,0P1S,
" #NP16,0PL7,0P18,NTSURF ,NEJURF
2004 COMMON/ZELEM/NL ,NN,NOOD(4Q) ,MM| ,NQW,NE,NH
oS CUMMON/TRACE/NPROGT ,NPROGR,NBAND,NPROSI,NPROG3,NSUBS
000s DIMENSTON NOOE(28468),NCOL(128)
+ ;IRANDN(2088) ,NSTART(2348) ,NSTOP (2048)
2007 CALL GETMCR (MCR,ISW)
o005 I1F (I9W,GT,79) ISW @ 4D
(1. I.L] P (1Sw,LT.@) GO TO 110
210 00 100 lelSuWel,80
Q011 100 MCR(]) e ¢ *
Qel2 110 IF (19W,67,1) I8w & §
Q0013 IF (ISW,LT.0) 18W = »y
e01a IF (ISW,NE.,1) GO TO 130
o019y IF (MCR(%),EQ,” *,DR,MCR(S),EQ,0) ISW » 2
2018 IF (13W,NE,i) GO TO 130
a1 DECNNE (38,123, MCR(S) )IUN,NPRINT
2018 120 FORMAT (215,74A4)
2219 130 IF (18w, €Q,1) GO TO 149
en2n WRITE (2,%) *ENTER FI_E~Q DISK UNIT’
2921 READ (2,¢) IUN
e022 149 CALL ASNLUN (1,70P“,TUN,18TAT)
pgal IF (ISW,EQ,1) GO YO 159
Q024 WRITE (2,%) "ENTER PRINY OPTION(O,1,2)'
ge2% READ (2,%) NPRINT
ga2s 1%8 CALL OPFILE (1,°TRACE’,1,,IPTR1S)
aQ2y CALL DPR (IPTR18,0,,NPROG1,b,)
2028 IF (NPROGi.EQ,1) GO TO 160
2029 WRITE (2,%) *PROGI! NOT COMPLETED THEREFORE BAND 8TOPPED'
2e3a avor )
0231 160 CALL PDPFILE (1,°DESCRIP?,29,.IPTRY)
2932 CALL 0PR (IPTR1,A,,LNPT,94,)
2033 NBANMD & @ )
0034 CALL DPW (IPTR18,0,,NPROG]L,6,)
ea3s IF (NPRINT,EQ,®)G0 TO 163
ao3s CALL PTIME (&)
00y PRINT 403, NTSURF ,LNPTNTT ,NBPTC,NBFPTC NSTREM NPT ,NSTIF
2038 : PRINT 319, NESURF ,NSELEM, NELEM,NODMAX ,NONZER,MATN
2039 165 CALL DPFILE (1,*NCOL",0P1D,IPTR1Q)
onag CALL OPR (IPTR1,17,,NODE,204R8,)
"I"L}Y CALL DPFILE (1,7ELEMENTQ?,DP4,]IPTRA)
TI.LF] X3 » {28
aeay NSTIF = @
2044 DO 170 Ieg,NPT
204s ADR n 12}
2048 CALL DPW (IPTR1G,ADR,NCOL,128,)
047 17@ NSTART (1) » (P00A
9048 DO 3@ IF=1,NELEM
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BAND,FTN /TRIBLNCKS/WR ‘

@049 ADR ® IE

TR CALL DPR (IPTRQ,ADR,N§,5Q,)

009y 44 (NE.LY.lHOB.AND.NPR!NI,NE.l) PRINT 382, NE
o0%2 DO 29@ Kui,NN

20s3 KM = NOD(K)

00%4 IF (KM,EQ,Q) GO TO 292

2058 DO 182 sy, NPT

2eSe IF (KM,EG,NODE(I)) GO TO 192

oesy 180 CONTINUE

o058 GO YO 299

2059 190 KK = [

[ J'.1.Y:} AOR 8 KKngw}

o961 CALL UPR (IPTR13,ADR,NCOL,128,)

on62 ND 280 Luwi,NN

oB63 JL = NODC(L)

2064 1F (JL,EQ.,8) GO TO 28@

aass no 200 I3y NPT

avees IF (JL,EQ NODE(IY) GO TO 210

one6Y 200  CONTINUE

068 50 10 289

2069 210 JJ & 1

Pata IF (NSTART(JJ) (GT KK) NSTART(JJ) ® KK
207} IF (NSTOP(JJ) LT KK) NSTOP(JJ) s KK
enr2 IF (NCOL(1).NE,Q) GO TO 220

onTs NCOL (1) = JJ

2074 GO 710 280

2075 220 DU 240 Liwl,X$+2D

anTe IF (Li..,LE.,128) GO YO 23@

ear? WRITE (2,%) "IN DO LOUOP 240 LL»128°,LL
BaTs PRINMT #, °IN 0D LOOP 240 LL > 1287,LL
2079 2317 IF (NCOL(LL).EQ,a3) GO VYU 270

onda IF (NCOLCLL) «LT o JJ) GO TO 240

anay IF (NCOL(LL) «NEGJJ) GO TO 2SO0

o282 GO 1O 28@

LR 240 CONTINUE
0084 3% LAST = NCOL(LL)

LY | NFM ®u KS=}

L) DO 260 LLLSLL,NFM

onAa7 L1 = LLL#+Y

2088 NEXT ®= NCOL(L1L)

ene9 NCOLCL1) = LASTY

2n9%y IF (NEXT_EQ.,¥) Gn To 279
Pa9y 260 LAST & NEXT

ae92 1@ NCOLCLL) = JJ

209y 2810 CONTINUE

Pn9g CALL DPW (IPTR1¥,ADR,NCUL,128,)
o093 299 CONTINUE

P096 308 CONTINUE

ee97 NG 34p [si,NPT

AN9A ADR = 1wdal

2799 CALL DPR (LPTR1G,ADR,NCOL,128,)
2100 NN 31 Je1,KS

o124 1F (NCOL(J) .EQ,.2) 6O TO 320

e102 310 CONTINLUE
ay03 320 JJ = Jei
2104 ITBANDWCIY » JJ
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BAND,LFTN

2125
0196
210y
A108
AL
LRRL)
2111
0112
2113
2114
2115
11e
2117
a118
2119
a12p
8121
aja2
323
124
212%
2126
nar

a128

2129
213p
PROGRAM
NAME
$CO0EY

SPDATA
SIDATA

/TRIRLOCKS/WR
IF (NPRINT,GE,2) PRINT 338, [,JJ,(NCOL(J),Js},J))
33 FORMAT (* ROW®,I%,* RAND’,1S,° NCOL’,2018/6(20%,2015/))
IF (NSTIF,LT,JJ) NSTIF = JJ
340 CONTINUE
IF (NPRINT,EU,8) GO TO 35@
PRINT ana, NTSURF,LNPT,NTT,NBPTC,NRFPTC,NSTREM,NPT,NSTIF
PRIMT 410, NESURF,NSELEM,NELEM,NNDDMAX,NONZER,MATN
338  CALL DPW (IPTRL,m,,LNPT,92,)
ADR = NPTw2,*+1,
CALL DPW (IPTR13,ADR, IBANDNW,2048,)
ADR s ADR+8,
CALL DPW (IPTR1@,ADR,NSTART,2048,)
ADR ® ADR+8,
CALL OPW (IPTR10,ADR,NSTOP,2048,)
IF (NPRINT,EQ.,@) GO TO 379
DO 360 lwei,NPTY
360 PRINT 390, I,IBANDW(I),NSTART(I),NSTOP(])
370 NAAND w ¢
CALL OPW (IPTR18,8,,NPRUGL,6,)
IF [NPRINT.NE,0) CALL PTIME (8)
3a0 FORMAT (SX,"ELEMENT # *,18)
392 FORMAT (411@)
400 FQRMAT(7129(°x")/,
+ 20%,*TOTAL NUMBER OF SURFACE NNOES(NTSURF)a’,T8@,110/,
* 20X, *MAXIMUM NUMBER ASSIGNED YO SURFACE NODES(LNPT)=*,Y89,110/,
+ 20%,°TOTAL NODES IN THE SYSTEM (NTT)s’,T84,110//,
+ 12%,*THE FOLLDWING PARAMETERS ARE RELATED TO B8,C*/,
+ 20y, *TOTAL NUMBER OF POTENTIAL B,C, PRESCRIBED (NBPTC)s’,T80,110/
+ 20X, TUTAL NUMBER OF FLUX B,C, PRESCRIBED (NBFPTC)s’,T80,110/,
¢ 20%,?TNTAL STREAMS B,C, PRESCRIBED (NSTREM)s’,T80Q,110/,
+/412X,°THE FOLLOWING TWO PARAMETERS ARE RELATEN TO STIFFNESS MATRI]
+X°/,20%,*TOTAL NUMBER OF UNKNOWN(NPT)s’,T80,I138/,
+ 20X, "MAXIMUM NUMRER OF NONeZERQ COEFFICIENTS(NSTIF)=*,T8Q,I110/,
+ 20X,°IN PROGM3 NCOL AND § ARRAY SHOULD HAVE COLUMN DIMENSIONS *
+ /21X, "MORE THAN NSTIF,*//)
a0 FORMAT (12X, ?THE FOLLOWING PARAMETERS ARE ASSOCIATEN WITH ELEMENTS
+°//729%,°TOTAL NUMBER OF SURFACE ELEMENTS(NESURF) e*,T80,110/,
+/20x%, *MAXIMUM NUMBER ASSIGNEO YO SURFACE ELEMENT(NSELEM)e*,T82,110
+/20%,*°TOTAL NUMBER OF ELEMENTS IN THE AYSTEM (NELEM)s’,T80,I10/
+ 20y, “MAYIMUM NUMBER UF NOOES IN ANY ELEMENT(NNDDMAX)®?,T8@,I1i0/,
* 20X, TMAXIMUM NON=2ERQ NODES IN ANY ELEMENTS(NONZER) »*,
+ T180,110/7/,
+ 12X, °THE FOLLOWING IS RELATED TO MATERIAL NUMBER ASSIGNED?/,
+ 20X, *MAXIMUM NUMBER ASSIGNED TO MATERIAL(MATN) e’,780,110/,
* /120(°%")//)
$Top
END
SECTIONS
SIIE ATTRIBUTES
pa3s524 938 RW,1,CON,LCL
Pa0233s 111 RW,0,CON,LCL
fpa14 646 R, 0, CNN,LCL
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FORTRAN IVePLUS V@2+%1D 161891406 13«8EP=79 PAGE &
BAND(FTN /TRIALOCKS/uR

SVARS (TY.IY T BCRY.TY RW,0,CON,LCL
STEMPS @D0B16 14 RW,0,CON,LCL
HDR *02274 94 RW,D,0VR,GBL
ELEM er0144 80 RW,0,0VR,68L
TRACE 200014 [ RW,D,0VR,G8L

TOTAL SPACE ALLOCATEND = Q47774 10238

tLPEORAND
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9.4 PROG3I, PROGRAM LISTINGS

FORTRAN [VePLUS vp2eSiD 163806312 13e8CPe?9 PASE )
PROGSTFTN /TRIALOCKS/WR
o #aa PROGII,FIN sonanataen
c--....------.-.--.--..----.'---.-..---..-'----.-------.'_-.---.-------I-
(o PROGRAM TD READ TIME STEPS AND ALSO ELEMENT RELATED STRESS CONOITI
c IT HAS OPTION TQ READ TIME VARIANT HWELOD POTENTIAL BQUNDARY CONDITI
c------...---q..-----.‘.--....--.--.----.--------n-.-..-.-.--------.----
a0y BYTE MCR(89)
Q002 INCLUDE *HORFTN?
0003 o COMMON/HDR/LNPY,NTT ,NBPTC,NRFPTC ,NSTREM, NPT, NSELEM,NELEM,NODMAX,
* SNONZER,NQD,MATN,KTYPE ,NMAX ,NSTIF,NTIME,NSTORE,NDUM, TITLE(20Q),
» #DP1,0P2,nP3,DP4,NPS,0P6,DP?,DP89,0P10,0P11,0PL12,DP1Y,0P14,DP1S,
" #DP16,0P17,0P18,NTSURF,NESURF
2004 INCLUDE *P31.PTN’
2078 » COMMON/P3IT/NSTEOY, ITOTAL,NGNCP,NQ,MNTRY,ITT,NHBOND,NFOUM,TT(70),
» RDETALIL(20)
eeae COMMON/TRACE/NPRQGI ,NPROGZ,NBAND,NPRO3I,NPROG3 ,NSYBS
aen? DIMENSTON SUMR(2%60),Q(768),FILE(CT),FILELI(T),B1V(T68),NODB(768),0
+ ELT(?Q)
2p0s CALL GETMCR (MCR,18W)
009 IF (ISW,GT,79) I8W =n =42
2019 IF (18W,LT,@) GO YO 1@
01 NO 100 I«(3ney,80
oot 108 MCR(L) = ¢ ¢
0013 112 IF (18W,GT,1) 18w = |
2014 IF (ISW,LT.3) [8W » o}
oe1s IF (13W NE.1) GO TO 130
eale IF (MCR(S),EQ,* ¢,0R,MCR(S),EQ,D) I8W a 2
eo1y IF (I8W,NE.1) GO TO (30
2018 DECONE (38,820, MCR(3) ) IUN,NPRINTY,FILE
d0t9 120 FORMAT (21%,7A4)
re29 130 IP (18W,EQ,1) GO TO 148
[ I'I'}} WRITE (2,n) PENTER PILE«Q DISK UNITY
0422 READ (2,2) IUN )
omay 1320 IF (ITUNGNE3) CALL ABNLUN (1,*DP?,IUN,ZATAT)
poca IF (13W,EQ,1) GO TO 1e@
002s WRITE (3,#) ENTER INPUT PILE NAME?
geds READ (2,150) FILE
o027 150 FORMAT (20AA4)
gpes 160 N & ICHR(FILE)
2pay OPEN (UNTTeS,NAMESFILE,TYPESs?CLD’,READONLY)
eo3p IF (13w,EQ.1) GO TO 174 )
2931 WRITE (2,%) "ENTER PRINT OPTION(D,1,2)*
eas2 READ (2,¢) NPRINT
2033 178  CALL DPFILE (1,’TRACEY,1,,IPTR18)
2e3a CALL DPR (IPTR1B,0,,NPROG]L,6,)
aa1is 1F (NPROG1,EQ,1) GO TO 18¢
303s WRITE (2,#) *PROGY NOT COMPLETED THMEREFQRE PROG3II STOPPED’
03y STopP
2038 182 CaLL OPFILE (1,’0ES8CRIP?,25,,IPTRL)
@039 : CALL DPR (IPTR1,8,,LNPT,94,)
@ardo NPRN3I = @
Qo0ay CALL DPFILE (1,"DTANDQS?,DPS,IPTRS)
aea2 Itr =
0043 IF (1SW,E@,1) GO TD 190
8044 WRITE (2,%) °NEW TITLE(iBY,NaN)"*
. 1.I'} | READ (2,%) NEW
2048 TP (NEWL,EQ,A) Gn TO 199
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FORTRAN 1VePLUS VQ2eS4D 1e106112 13+8EP=79 PAGE 2
PROGIIFTN

a4y
2048
2249
0032
20934
gos2
(1.1} ]
0034
2%y

a0%6
a03y

20958
- 2239
2060
o061
2a62
0063
2064
2065

8066
- 0067
9068
0269
9079
- ea74
ag72
2073
2074
ep7s
8076
ear?
0o78
aar9
CELT

2081
o082
o083

Qe84
2083
298¢
[-.I.L}}
Q088
an89
099
2e91
Q@92
2093
2094
a09S

[T

R

190
200

230
240

260

ars

299
3a0

310
320

/TRIALOCKE/WR

WRITE (2,%) "WRITE NEw TITLE’

READ (2,158) TITLE

CALL DPW (IPTR1,0,,LNPT,94,)

READ (S,200) DETAIL

FORMAT (20A4)

IF (NPRINT,NE,0) PARINT 210, DETAIL

FORMAT (1M1/120(%«%),/1%,20A8/128(%*)//)

READ (5,220) NSTEDY,ITOTAL,NGWCP,NG,MNTRY,NHBOND,NTEXP

IF (NPRINT,NE.3) PRINT &, *NSTEOY¢,;NSTEDY,*ITOTAL?,ITOTAL, ‘NONCP/,
SNOWCP , NQ? , NQ, *MNTRY? ,MNTRY, *NHBOND*, NWBOND, *NTEXP® NTEXP
FORMAT (1618%)

WRITE (2,%) *NSTEOY? NSTEDY,*ITOTAL?,ITOTAL, NGWCP?,NQWCP, *NQ’)NG,
*PMNTRY? ,MNTRY, *NHBOND?, NHBOND, ' NTEXP? ,NTEXP

IF (NSTEDY.EQ,@) GO TO 360

IF (NPRINT,NE,?) PRINT 230

FORMAT (10X, TRANSIENT RUN OF MODEL PRESCRIBED‘//)

IF (NPRINT,NE,@) PRINT 2498, ITOTAL

FORMAT (1@X°TOTAL NUMBER OF TIME STEPS(ITOTAL)Y,750,118//)
IF (1T0TAL,LE,79) GO TO 250@

WRITE (2,%) “ITOTAL®,ITOTAL, »THANYOPROGRAMSTOPPED?

snrur %, "ERROR ITOTAL’,ITOTAL,?WHICH 18 % THAN 70 PROGRAM STOPPED
+

stop

IF (NTEXP,EQ.i) GO TO 280

READ (5,260) (TT(I),1e1,ITOTAL)

FORMAT (1679%,0)

DELT(1) = TT(1)

00 274 I=3,1TOTAL

DELTCI) s TT(IYmTT(I=})

GO 7O 3@@

READ (5,269) TT(1),PACT

DELTCL) = TT(1)

DO 290 1s2,1TOTAL

OELT(I) ®» DELTCIw{)#FACT

TTCI) & TT(I=1)4nELTCI)

DO 319 Isy,ITOTAL .

1r (?ELT(I).LE.B.D) WAITE (2,%) FERROR #» DELT @ @,0 POR TIME
*8TEP’, 1

IF (NPRINT.GE,1) PRINT 3208, 1,DELTCI),TT(1)

FORMAT (10X,18,7 TIME STEP?¢, G1S,4,5%,ELAPSED TIME’,G15,4)
IF (NHROND,EG,Q) GO TO 380

c-.------.--.--.----..--..-.----..-.--.9--o---.-----.--.-.----......-.O.

c

TIME VARTANT WELD MWEAD B,C, READ FROM BINAR FILE

c.--------.----.----.-.-.--..-.--..--.--...-...-..-------.....---.--.--q

530

CALL DPFILE (1,°BOUNDCON',OPY,IPTRY)

CALL DPR (1PTR?,a,,N0DB,768,)

READ (%,1%9) FILEY

N = ICHR(FILEL)

OPEN (UN!TI3.NAH!IFILEI,FORMI'UNFORHATTED‘,TVPEI‘OLD'.READONLY)
READ (3) NBTT,CUNV

IF (NBTT . NE NAPTC) WRITE (2,%) *ERROR IN NATT®,NBTT,® NBPTCY’,NBPTC
DO 350 1s1,ITOTAL

REAN (3) (BIV(J),Js{,NBPTC)

IF (CONV EQ, 1,7, 0R,CONV,EQ,B3,8) 6O TD 340

DO 3%92 Jsi ,NBPTC

BIV(J) = BIV(J)eCONV
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FORTRAN 1v=PLUS vO2~81D 16106012 13«3EP=79 PAGE 3

/TRIRLOCKS/WR

ADR ® (lei)nbe182%,

CALL DPW (IPTRS,ADR,81IV,1936,)

IF (NPRINT,EU,Q) GO TO 393

PRINT 6692, I

PRINT &7@, (NODB(J),BLIV(J),Jei,NRPTC)
CONTINUE

G0 YO 380

IF (NPRINT NE,®) PRINT 372

PORMAY (//10X,°STEADY STATE SOLUTION IS PRESCRIBED’//)
CALL OPW (IPTRS,9,,NSTEDY,188,)

GND YO (392,410,468), NQWCP

c.--..--.-.--.-q----q-.-..-.--------..-.--.-.--.-.-...--n.-..-..--.-..--

ELEMENTY AASE SOURCE AND SINK TERMS

)

c..o-.-.----.q..-..-..-..-.---....-.--.‘Q..----.--.....--..--...--.--..Q

IF (NPRINT,NE,®) PRINT 490

FORMAY (//710X,*NO NEW SOURCE OR SINK FOR EACH ELEMENT’* 18 READ IN
¢, SOLUTION DAB!D ON BOURCE/BINK READ’Y IN PROGRAM 17/7)

G0 TD S1n

READ (S,8208) CONVER

READ (95,420) (SUMO(J),Jei,NELEM)

FORMAT (6E1D0,3)

IF (CONVER,.fQ,d,,0R,CONVER,EQq.1) B0 TO a4e

DD 332 Jeg,NELEM

suMQ(J) = SUMGCJI)aCONVER

CALL DPw (IPTRS,1,,8UMQ,S%120,)

IF (NPRINT,NE, B) PRINT 433, (J,SUMQ(J),Jul,NELENM)

PORMAT (1M1//7,120(%«?),10X, NEW CONQTANY TOTAL SOURCE/SINK FOR *'E
¢ACH ELEMENT *¢18 READ AY BELOW’!//120(*=*)//,200(1X,8("8°?,14,F108,3)
+/))

G0 vO %10

CONTINUE

READ (3,42@) CONVER

00 S0a Ist,ITOTAL

READ (%,420) (SUMR(J),Jel,NELEN)

ADR = tl 1In20,¢1

IF (CONVER,EQ, G,.OR,CONVER €0,1) GO T0 380

DO 473 Juwl ,NELEM

SUMG(J) = SUMQLJ)*CONVER

CONTINYE

CALL 0OPW (IPTRS,ADR,SUMQ,3120,)

IF (NPRINT(NE,A) PRINT 498, I,(3UMR(J),Jsi,NELEM)

FORMAT (1H1//,120(%«%),10%,*EACH ELEMENT SOURCE/SINK POR’* TIME 8T
+EPY , 15//120(%=")//,200(1X,8("#7,14,F108,3)/))

CONTINUE

CONTYINUE

GO Y0 (52m,%4¢,%98), NQ

c---.-----.----...-....-...-----..-...----...--..---.-..--..-.--.-.--.--

INFILTERATION AT TOP OF EACH SURFACE ELEMENT READ

c----.------------.---.--..-..-.-..--.--.-.-----.--.---.----.-..--.'----

PROG3I,FTN
2096 3a0
2297

Q98

2999

o100

e1oq 350
o102

o103 360
104 310
9103 L1.1J
21ne

o

g1a7 390
2198 age
2109

2110 410
2111

eq12 420
0113

2114

2119 439
e11¢ 440
o117

2118 430
2119

e1ae 6@
121

@122

2123

0124

0129

0126

2127 ar@
2128 ase
2129

2130

9131 490
2132 Seo0
0133 310
0134

c

2138 120
02138 530
2137

2138 540
2139

8140 sse
2144

IF (NPRINT,NE,®) PRINT $32

FORMAT (//13%X,°NO SURFACE FLUX I8 PRESCRIBED®)

GO TO 640

READ (%,420) CONVER

READ (%,530) (O(1),181,NSELEM)

FORMAT (BE10,5)

IF (NPRINT.NE,®) PRINT w, *TOTAL SURFACE ELEMENTS®,NSELEM

9-42



FORTRAN IV=PLUS VA2-%1D Lteto112 15n8EPT9 PAGE 4

PROG3IIFTIN JYRIBLOCKS/WR

2142 If (CONVER,EQ,M,,O0R,CONVER,EQ,1,) GO TO 379

2143 DO 940 Jui,NSELEM

2144 R(J) = A(J)"CONVER

0148 S0@ CONTINUE

@146 578 CONTINUE

Q147 1F (NPRINT,NE.B) PRINT 8583, (J,Q(J),Jus,NBELEN)

0148 582 FOQRMAT (1Nl//,!80('9‘)/.10!,'CONSTANT SURFACE FLUX PRESCRIBED’/120
*("=*)/7,20001%,8("#%,14,rF10,3)/)) ’

2149 CALL NPW (IPTR%,1403,,0,1%836,)

21%@ GO TO 649

0191 S99 COMTINUE

A8 READ (%,42@) CONVER

3193 DO 639 Isf,JTOTAL

2154 READ (%,%5%8) (Q(J),Js1,NIELEM)

21585 IF (CONVER,EQ,?,,0R,CONVER,ER,1,) GO YO 410

2156 00 600 Je) ,NSELEM

@137y Q(JY = Q(JI*CONVER

2158 6090 CONTINUE

21%9 612  CONTINUE

0160 IF (NPRINT,NE,B) PRINT 620, I,(J,0(J),)Jad,NSELEM)

0164 628  FORMAT (1H1//,120("="),10X%,SURFACE FLUX PRESCRIBED FOR TIME’’STEP
*0,157/7120(%=*)//7,200(1%,8("#%,14,F10,3)/))

g1eg ADR = (lel)ab,¢ia0d,

2163 CALL, DPW (IPTRY,ADR,Q,1536,)

2164 €39  CONTINVE

- JEY ] 640  CALL OPCL (IPTRS)

0166 NPRD3I = 1§

A167 CALL DPW (IPTR18,8,,NPROGL,&,)

0168 CALL OPCL (IPTRY)

2169 IF (MNTRY NE,.Q) PRINT 63@, MNTRY

@179 659 FORMAT (//7120(*%«®)//,10%, IMPORTANTs=«MNTRYR?, IS, *SIMULATION SKHALL
¢ RE DONE USING THIS AS THE ¢4 MATERIAL ¥ FOR ALL ELEMENTS?,//10X,*
+THIS MEANS THE ABSIGNED MATERIAL # OF EVERY ELEMENT’’ 8HALL BE OVE
+RRINDEN AY THIS VALUE®//,123B8("=*)//)

01Ty 660  FORMAT (1H1/7,% POTENTIAL MELD BONDARY VALUES?,T60,15//)

@172 67@  FORMAT (8(1X,1%,? NODE?,F12,3,° BlV*))

2173 s$TnP

9174 END

PROGRAM SECTIONS

NAME s12K ATTRIBUTES

SCODE1 006232 1613 RW,1,CON,LECL

SPDATA 0QOT10 228 RW,0,CON,LCL

SIDATA 2m2324 (XY} RW,04CONyLEL

SVARS 243714 919 RW,D,CON,LCL

STEMPS 220006 3 RW,D,CON,LCL

HDR 2Q0274 94 R"'D'OVR'GBL

P3t PQOSTO 188 RW,D,0VR,GRL

TRACE 000014 6 Rw,N,0VR,G8L

TOTAL SPACE ALLOCATED = 856510 11949

FORTRAN [VePLUS vRA2=91D 16106112 13«8EPe79 PAG
PROG3L.FTN /TRIALOCKE/WR €3
LP2=PROGY]

9-43



9.5 PROG3 AND ITS SUBROUTINES, PROGRAM LISTINGS

FORTRAN TVePLUS VAQae31D 16107102 13=8EPaT7Y PAGE |
PROG3,FTN /TRIALOCKS/WR
t * PROGI,FTIN
c—-.--.--------q.c.-----.---.---..O-..-.-...--.-.-.--....n--g-.q---.----
c PROGRAM 3 FUR OETERMINATION OF HEAD )
(oL e T Y T L T T T Y L T L Dy Ly P T N T Y P T T T
eeay COMMON /POINT/IPTR],IPTRR,IPTRY,IPTRG,IPTRS,IPTRG,IPTRT,IPTREY ,

+ IPTRIQ,IPTRIL,IPTRI2,IPTRI3,JPTR14,IPTRIS,IPTRI6,IPTRI?,IPTRIE
age2 INCLUDE ‘“HDR(FTN’

2003 » COMMON/HNR/LNPT yNTT,NGPTC,NBFPTC ,NSTREM,NPT ,NSELEM, NELEM,NODMAX,
" #NONZER ,NQDyMATN,KTYPE ,NMAX ,NSTIF,NTIME,NSTORE,NDUM, TITLE(20),
% #DP1,0P2,0P3,0UP4,DPS,DP6,0P7,DP89,DP1R,0P1L,0P12,DP1{3,0P14,0P1S,
. #NP16,NP1T7,0PL18,NTSURF,NESURF

2204s INCLUDE “P3I,FTNY

20083 CQMMON/PSI/NSTEQY, ITOTAL,NQWCP,NQ,MNTRY, 1TT,NHBOND,NFDUM,TT(78),
. #0ETALIL C20)

eate FOMMON/TRACE/NPRNGY ,NPROG2,NBAND,NPRO3I,NPROUGS,NSUBS

anar CALL START3 (NPRINT,NBEGIN),NREDO,NDIG,NCONS,COELT,TTOTAL,IBBAND)

apas IF (NPRINT,NE, @) CALL PTIME (&)

o009 CALL OPFILE (1,"PROPERTY?,DP2,IPTR2)

gotle NPPP ® NPRINT

20114 DELYAY = CDELTY

opt2 1T » ITY

ents IF LIT,GT,1) TYIME » TT(IT=t)

e01a IF (NCNNS,EQ,1) GO TO {020

oe1s 00 224 ITMSITT,TTOTAL

2016 ITY = 1TM

20817 GL TN 114

ag1s tpe IF(ITT.EQ,L)VBEG » 2,0

2219 TFCITT GT I)TBEG & TY(ITT=])

enan NQ 220 TxeTBEG,TT(ITOTAL),CDELTY

aney 11X = TTXed

ep22 110 NWRITE = 0

goes IS8TEP = ISTEP#)

LILEY] TF (ISTEP,GT,1  AND NPRINT GT,1) NPRINT 3

042s IF (MCONS,EG,Q) GO TO 120

aple IF (1TX,NE.1) NBFGIN = §

erey TTIME o TTIMESDELTAY

I.FL) IF (TTIMELLT.TT(IT)) GO TO 130

"29 NWRYTE s |

aa3n GO TO 131

LAY 129 IT » ITX

0032 1F (IT_EQ,1) UVELTAY & TT(IT)

2p33 IF (1T,6T,1) DELTAT w TT(IT)=TT(1Tey)

anly NWRTTE =

on3s TTIME a DELTAT#TTIME

2036 130 1F (NPPP,NE,Y) GO TO 44

2037 NPRINT = NPPP

29348 CALL SSWTCH (1,18w)

ARXg IF (ISW,EUet) NPRINT = |

20up 149 JTER w» 1

opay GD TN (1SV,104,173,1804,192,204,219), NBEGIN

ena 159 CALL ELEMAT (NSTEDY,MNTRY,NELTAT,IT,NBRTC,NELEM,KTYPE,NMAX,NPRINT)

apay 160 CALL SYSMAT (NELEM,NSTIF,NPT,NPRINT)

anda 170 IF (JHRANNLEW,B) CALL MREAD (NPT, NPRINT)

npas IF (YHRANDGEU,1) CALL MREADR (NPT,NPRINT)

ande 140 IF (TRAAND,EW,@) CALL UPPERT (NPRINT,NREDD)

epay IF (TANAMULER,1) CALL UPERTR (NPRINT,NRENQ)
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FORTRAN IVsFLUS VQ2-51D 16107102 13=8EP=79 PAGE 2
PROGY,FIN /YRIBLOCKS/WR

onaa 190  CALL BVALUECIT,NOWCP,NQO,NSFPTC,NSTREM,NMAX,NPT,NPRINT,NELEM,NSELEM
+,NSTEDY,LNPT,NRPTC,NHBOND)

2049 200 CALL RACKSU (NPRINT)

opse 218 CALL HWRITE (NPRINT,IT,NOIG,DELTAT,NCONS,TTIME,NWRITE,NSI1)

o0%y CLNSE (UNITE$)

o0s2 NBFGIN o &

on%3 NREND = @

0S4 1F (NSTEDY.EQ,®) GO TO 222

2e5s IF (NCONS,EQ, B ANDABSCYT(IT+1)=TT(IT)~DELTYAT)/DELTAT,GT,, 1E=Q) NB
+EGIN =}

20%6 220 CONTINUE

20%? NPROGS 8 §

onsa NSURS = 8

2059 CALL DPw (IPTR18,0,,NPRUGL,6,)

(113 IF (NPRINT,NE,®) CALL PYIME (6)

g6l sTOP

one2 END

PROGRAM SECTIONS

NAME SIZE ATTRIBUTES
SCONEL 0aY1424 394 RuW, 1,CON,LCL
SFLATA  0ARAYS6 es Rw,D,CON,LCL
RIDATA Qano24 74 Ru,0,CON,LCL
SVARS LI Y 27 RW,D,CON,LCL
STEMPS Q02012 3 RW,D,CON,LCL
POIMT nveaz2 17 RW,D,0VR,GBL
DR 308274  9a Pw,D,0VR,GBL
P31 an0STA 188 Ry Dy OVR, GAL
TRACE fneaLd 6 RW,ND,QVR,GBL

TOTAL SPACE ALLOCATED = 623170 828

JLPIRPRORI/CNLGD
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FORTRAN IVePLUS VA2eS51D 16107118 13=8EPeT9 PAGE 1§
STARTS, FIN

eg0ey

Qoes
2283

aAng
aeny

opas
aee9
aeie
2011
eni2
o013
oe14
oe1s
pRle
a1y
an18
819
ro20
1. E3
po22
Q023
aeges
Q02s%
eeaeé
ovar
2228
en29
2039
.I'L}1
se32
Pe33
2034
0033
2036
enlY
go3s
2239
Qo4
04y
L4 LH
2043
Qepaa
aeas
avae
Qe84
apas
oa49

»

[

109
119

120
138

142

159

j6@

/TRIALOCKB/WR

STARTI, FIN

SURROUTINE 8TARTS (NPRINT,NBEGIN,NREDO,NDI1G,NCONS,COELT,TTOTAL,
+188AND)

BYTE MCR(BQ)

COMMON /POINT/IPTRY,IPTR2,IPTRY, IPTRQ,IPTRS,IPTR6,IPTRY,IPTRE9 ,
+ IPTR18,IPTR11,IPTR12,IPTR13,IPTR14,IPTRIS,1PTR16,IPTRLT,IPTRIS

INCLUDE *HDR,FTN*

COMMON/HDR/LNPT, NTT ,NBPTC,NBFPTC,NSTREM,NPT,NSELEM,NELEM, NODMAX,
#NONZER,NQDy;MATN,KTYPE ,NMAX,NBTLF ,NTIMF,NSTORE,NDUM, TITLE(20),
#NP16,0P17,0P18,NTSURF,NESURF

INCLUDE *P3I,FTN?

COMMON/PSI/NSTEDY, ITOTAL ,NOWCP ,NQ,MNTRY, ITT,NHBOND,NFDUM, TT(79),
PDETAIL (20)

COMMON/TRACE/NPROG] ,NPRQG2,NBAND,NPROSI,NFROG3S,NSUBS

DIMENSION FILE(T),HEAD(R968)

CALL GETMCR (MCR,I8W)

IF (ISW,GT,79) ISW n =43

IF (ISW.LT,2) GO TO 11@

DO 100 Is1SwWey,80

MCR(1) = ¢ ¢

IF (ISW,GT.1) 18w & §

IF (ISW,LT,Q) 18W & =i

TIF (ISWNE,1) GO TQ 13¢

IF (MCR(S)EQ,* Y,0R,MCR{S),EG,3) ISW » 2

IF (ISW,NE,1) GO TO 130

NECNNE (a%y)120,MCR(S))IUN,NPRINT ,NBEGIN,ITT ,NREDO,NDIG,NCONS,COELTY

FORMAT (719,E10,3)

1P (NBEGIN,NE,4) NREDO o @

IF (I8W,ER,1) 60 1O 140

WRITE (2,#) *ENTER FILE=Q DISK UNITY

READ (2,¢) IUN

IF (IUNGNE,3) CALL ASNLUN (1,°DP*,IUN,ISTAT)

I (ISW,EU,1) GO TD 160

WRITE(2,)PRINT OPTION (NORMAL® {1, FQR DEBUG ® 2 , NO OUTPUTwQ)’

WRITE (2,«) 'NUEGIN(NORMAL® § AND FOR RESTART =z SUBROUTINE IN MAIN)®

WRITE(2,2) ITeTIME STEP TO START (NORMAL®{,RESTARTeTIME STEP)'*

WRITE(2,%) NDIG = OUTPUT DIGITS AFTER DECIMAL IN "F® PFORMAT®

WRITE(2,4)*NCONS = @ FOR TIME STEPS READ IN PROG3I

WRITE(2,4)° s | FOR CONSTANT TIME STEP FOR COMPUTATION’

WRITE(2,%)° ’

WRTITE (2,4) °NPRINT(®,1,2),NBEGIN(1,2,3,4,5,6,7),1T,NDIG,NCONS*

READ (2,¢) NPRINT,NBEGIN,ITT,NDIG,NCONS

WRITE(2,#)*18 EXPECTED BAND WINTH TO BE MORE THAN 232(1wY,0uN)?

READ (2,*) I3BAND

{J (Ncuns.zo:u) GO T0 150

WRITE (2,2) *CONSTANT OBLTAT?

READ (2,w%) CODELT

1F (NBEGIN,NE,3) GO TO 162

WRITE (2,%) °RESTART(J9NORMAL RESTART,208YSTEM CRASH)’

WRITE(2,%) *RESTART OPTION WORKS NNLY WITH BANDWIDTH «2%2°

WRITE(2,#)"RESTART WITH NBEGINsS IF ERROR DETECTEOD'

REAN (2,%) NRENDD

CALL OPFILE (1,°TRACE®,1,,IPTRI8)

CALL DPR (IPTR18,2,,NPROGY,b,)

IF (NSURY,EQ,Q) NSURY s
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FORTRAN 1VePLUS va2~31N 161271158 13=SEP=T79 PAGE 2
START3,FIN

oasae

0051
aes2
@ess
2084
2085S
2056
22S7
f058
2259
] 1Y)
ag61
2062
2063
da6a
3068
2066
(1134
ones
onh9
saTe
aory
earz
2073
2074
0975
0276

0arY
2278
0079
vasp
onag
on82
1. LX]
2084
vass
208k
gos?
anAs
2089
2099
2091
0092
0093
2e94q
2998
2096
0e9r
2098
on99
170
Q104
e1ee
fies

170

180

192

ane

210

aze

232

24@

259

/TRIRLOCKS/WR

1F (NPROG3.EGR,1) WRITE (2,*) °PROG3 COMPLETED LAST TIME,THIS 18 RE
+RUN*

IF (NPRDG1,EQ,1) GO YO 172

WRITE (2,%) ?PLEASE NOYE THAT PROG1 MOT COMPLETED®

NSTOP =

IF (NPROGR,EQ,1) GO TD 189

WRITE (2,%) °PROG2 NOT COMPLETED OR RERUN IN PROGI WAS NOT t°
NSTOP ® 1|

IF (NRAND,EW,1) GO TOD 190

WRITE (2,%) °BAND NOY COMPLETED PROG3 STOPPED:NBANDs=’,NBAND
NSTOP = {

1F (NPRDIIEG,1) GO YO 202

WRITE (2,%) *OLD VALUES OF PRUG3! USED’

1F (NSTOP,EQ,9) GO TO 210

WRITE (2,#) °PROG3 STOPPED BECAUSE PROG1,32, OR BAND NOT COMPLETE®
sTop

IF (NREGIN,NE,3,0R, ISW,NE,1) GO TO 222

NREDO s MOD(NSUB3,1d)

NSURS = NSUB3/1Q

1F (NSUBS,EQ,3,AND,NREDO,2Q,0) NSUBS = 3

IF (NREDO,EQ,Q,ANDO NBEGIN,FG,4) NBEGIN s 3

IF (NSUR3, LT, NBEGIN) wRITE (2,%) °NSUAS’,NSUBY,’NBEGIN’,NBEGIN
IF (NSUB3,LT,NBEGIN) NBEGIN = NSUBS

CALL WPFILE (1,’DEBCRIP’,25,,1PTR1)

IF (NSEGIN,NE,Q3) NREDQ » @

CALL DPR (!PTR!,G,LNPT"M.) .

IF (IBBANN,EQ,®) CALL OPPILE (%1,°UPBACKUP*,DP17,IPTR1Y)

CALL DPFILE (1,°XYZCOR’,0P3,1PTRY)

IF(IBBRAND,EQ,1)CALL DPFILE(1, UPBACKUPY,DP1T7w2,IPTRLY)

CALL DPFTLE (1,°DTANDQS’,DP%,IPTRS)

CaALL OPFILE (1,°ELEMATRIX®,DPb,IPTRS)

CALL UPFILE (1,*ELEMENT1?,DP11,1PTR1])

CALL DPFILE (1,°BOUNDCOND’,DPT,IPTRY)

CALL DPFILE (1,°FACTQR’,0P89,1PTRA9)

CALL DPFILE (1,°NCOL*,0PiQ,IPTR10Q)

IF (IBBAND,.EGQ,®) CALL DPFILE (1,°UPTRIANGL?,0P12,IPTR12)

1F (IBRAND,EQ,1) CALL DPFILE (1,°UPTRIANGL’,DP12#2,IPTR12)
CALL LUPFILE (1,°BACKSUB’,DP13,IPTR1Y)

CALL OPFILE (1,°HEAD’,0P14,IPTR{4)

CALL OPFILE (1,*BVALUE’,DP1S,IPTRLS)

CALL OPFPILE (1,°RESTART?,DP16,IPTR1S)

CALL OPFILE (1,°ELEMENTA’,DP4,IPTRA)

ITSAV = ITTY

CALL OPR (IPTRY,®,,NSTEDY,188,)

ITT = 1784AV

IF CITOTAL.GT,70) WRITE (2,%) °ERROR ITOTAL » 5@°,ITOTAL
TTOTAL s ITOVAL

1F {NPRINT,LE,1) GO TO 230

WRTTE (6,250) NTSURF,LNPY,NTT,NBPTC,NBFPTC,NSTREM,NPT,NSTIF
WRITE (6,263) NESUR,NSELEM,NELEM,NONZER,MATN,KTYPE,NMAX

IF (NSTEDY,ER,M) GO TO 249

IF (NCONS,EQ,1,AND,ITT,GT,1) TTQTAL = (TT(ITOTAL)=TT(ITT=1))/CDELT
IF (NCONS,EU,1,AND,ITT,EQ,1) TTOTAL = TT(ITOTAL)/CDELY

CALL DPR (IPTR1Q,(ITT=1)#2@,,HEAD,NTT#2,)

CALL UPW (IPTR89,20,,HEAD,NTT#2,)

FORMAY (/7120(°#*)/,20%,°TOTAL NUMBER OF SURFACE NODES(NTSURF)=?,T7
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STARYS PTN /TREBLOCKS/HR
00,110/,!!!,‘HAIINUH NUMBER ASSIGNEO TO SURFACE NODES(LNPT)m*,T70,1
+10/,20%,°TOTAL NODES IN THE SYSTEM (NTY)®’,T7¢,1108//,12X,"THE FOLL
+ONING PARAMETERS ARE RELATED TO B,C’/,28X,°TOTAL NUMBER OF PQTENTI
#AL R,C, PRESCRIBED (NBPTC)®*,T70,112/20X,°TOTAL NUMRER OF FLUX B,C
¢+, PRESCRINBED (NBFPTC)e?,T70,110/,20X,°TOTAL NUMBER OF STREAMS B,C
+, PREACRIBED (NSTREM)S?,770,118//,12%,*THE FOLLOWING TWO PARAMETER
+8 ARE RELATEO YO STIFFNESS MATREIX?/,20%, TOTAL NUMBER OF UNKNOWN(N
0!{)1',170,1!0/.20!,'HAKIMUH NUMBER OF NON«2ERO COEFFICIENTS(NSTIF)
te?,T72,110//)

2104 260 FPORMAT (12X,°THE FOLLOWNING PARAMETERS ARE ASSOCIATED WITH ELEMENTS
**//20%,°TOTAL NUMBER OF SURFACE ELEMENTS(NESURF) e/, T70,110/,/720%,
*/MAXIMUM NUMBER ASSIGNED TO SURFACE ELEMENT(NSELEM)=’,T70,11R/20X,
2°TOTAL NUMBER OF SURFACE ELEMENTS(NSELEM) «?,T70,110/,20%,°TOTAL N
¢UMBER OF ELEMENTS(NELEM) =*,T70,110/,20X, MAXIMUM NON=2ERO NODES
#IN ANY ELEMENTS(NONZER) »*,T70,188//,12X, THE FOLLOWING I8 RELATED
¢ 70 MATERIAL NUMBER ASSIGNED’/,20X,’MAXIMUM NUMBER ASSIGNED TO MAT
¢ERTAL (MATN) =¢,770,118/,20X, KTYPE<THE FLAG FOR K VALUESs?,T72,110
¢/,20%, 'NMAX 9°,T70,118/,/7120(’%*)//)

[ 8.} ] WRITE (2,%) *NBEGIN? ,NBEGIN, *NPRINT? ,NPRINT,*IT?,ITT

2106 RETURN

o127 END

PROGRAM SECTIONS

NAME 812€ ATTRIBUTES

SCODE1 P@3as2 917 RW,1,CON,LCL

SPOATA 002216 519 RW,0,CON,LCL

SIDATA (02372 637 RW,D,CONyLCL

SVARS 924472 9184 RW,0,CON,LCL

POINT peRA42 17 RW,0,0VR,GBL

HOR nae2ra 94 RW,D,DVR,GBL

P31 200870 188 RW,D,0VR,GBL

TRACE [ LLI'FY] 6 RN'DOOVR'GBL

TOTAL SPACE ALLOCATED o A35416 75%9

sLP3I2START3/CO1430
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ELEMAT FTN

ooy

o002
oe0o3
0004
02es

2006
oear

oa0s
e pees
A1
P91
2012
2013
0914
o218
2016
ea17
e oe1s
a9
Q029
Q0
Peee
0023
onaas
0es
92926
eal7
oels
o029
ngle
P031
" o032
no3y
9234
vo3s
enss
ae37
2p3e
2039
Q24
2044
noae
2043
294a
eeas
0046

vt

b

v

c

/TRIBLOCKS/NWR

* ELEMAT,FTN
SURROUTINE ELEMAY (NSTEDY,MNTRY,DELYAT,IT,NBPTC,NELEM,KTYPE,NMAX,

+NPRINT)

c-.-----...-..'---------..-...-------.-.----.--.--------..--.---

c

ELEMENY MATRIX

c..--..-.-.-..-.-.---..-..--.--..------..-.--.----.------..-----

1990

120

132

COMMON /Po!NTI!PTRl,!PTR!,IPTRB,IPTRG,IPTRS,IPTRb,!PTR?.IPTRG9 '
+ JPTR13,IPTR{1,IPTRI2,IPTR1Y,IPTR1G,IPTRIS,IPTR16,IPTRIT7,IPTRLS
COMNON/ZKXYZ/XK(SO),YK(30),2IK(50),SPEC(SA),THETA(SD) ,ALPHA(%O),
+RETAP(%2),PLERO(SD)
COMMON/ELEM1/NN,NOD (2@) MM1,NQW, SUMGW,NE,NHEAD,XIJCOB (20},
oxIDL!H(EG),FIFJ(GOOJ.GIGJ(IBG),HIHJ(IDGJ.lIxJDB(AOG)pIDUH,AREA
COMMON/ELEMAT/NNN,NNE, MM, NHD,AREAL, 8UMG,NODD (20),2Y(20),
+XJOLEL(20),X1JCOL (20),C1(20,20),PP)J(20,20)
COMMON/TRACE/NPROGY,NPROG2,NBAND,NPROSI,NPROG3,NSUBS

NIMENSYON XKK(20),YKK(20),ZkK(28),FACTOR(238),
+HEAN(256) ,RHO(256),2(2%6) ,COEF (20)

CALL DPR (IPTR18,2,,NPROGL,b6,)

CALL DPR (IPTR2,B,,xX,800,)

NRR = 2@¢0

NMAXH = 296

00 170 Jey,20

no 100 J=i,10

PPYJ(I,J) = 4,0

DO 220 Ixwmi,NELEM

ADR & (IXwl)wi3,

CALL OPR (IPTR11,ADR,NN,3312,)

NHD s NHEAD

MN = MM{

IF (MNTRY,NE,Q) MN @& MNTRY

DO 140 Ieq,NN

K =« MODC(I)

NODD (1) » K

XIPLELCLY » XIDLEM(I)

X1J0601(L) & X1JCOB(1)

IF (XTYPE_EQ,0,AND(NSTEDY EQ,0,0R,8PEC(MN) ,NE,B,8)) GO TO 138
NR & (Kal)/NMAX

IF (NR,EN,NRR) GO TO 110

ADR = NRe2,0

CALL DPR (IPTRA9,ADR,FACTOR,S12,)

CALL DPR (IPTRA9,ADR+20,,HEAD,S12,)

CALL DPR (IPTR89,ADR+4Q,,RH0,512,)

CALL DPR (IPTR3,ADR,Z,3512,)

NRR = NR

KK = KaNRaNMAX

IF (NSTEDY.EQ,M,0R 8PEC(MN) NE,2,3) GO Y0 120

THET & THETA(MN)#(HEAD{KK)=Z (KK)«PZERO (MN))

COEFP (1Y) o ALPHA(MN)STHET#BETAP (MN)

IF (XTYPE _ EQ.0) GO TO 138

FACY & FACTOR(KK)

XKKCI) = XK(MN)Y#FACT

YKK (1) = YK(MN)#FACT

ZKK(T) o ZK(MN)®FACT

G0 7O 14A

XKK (L) = XK(MN)

YKK (1) ® YK(MN)
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ELEMAT FTN

P04y
eeas
Pnag
2050
An%y
2052
0093
2054
LTED
LT
2057
a0se
2059
060
2261
#e62
2063
2064
2065
2386
P67
o068
0069
P70
eery
2072
2073
oe27a
207s
276
'Y32]
2078
2979
2080
A8y
LY

PROGRAM
NAME

SCNDEY
SPDATA
$IDATA
SvARS
STEMPS
POINTY
KxXYZ
ELEM]
ELEMAT
TRACE

140

159
162
172
180

192
200

229

SEcT10
81

AQ2574
AYans2
(L LELY,
n12962
aarr1a
ANANLR
nel3lae
n1a734
ARsRSE
LI E

/TRIALOCKS/UR

TN (]} = ZK(MN)

CONTINUE

PIJ » B,Q

PO 2A@ Isi,NN

IN & (T=])#NN

NO 183 Jay,NN

{J = IN#J

CIJ & XXKK(JIAFIFJ(IJISYKK(JIIAGIGI(TIIICZKK(J)*NINHI (L))

TF (NSTEDY.EQ,d) 60 YD 170

PPIJ(I,J) = =CtJ

IF (SPEC(MN),NE,P,8) GO TD 190

COFy = COEF(J)

B0 TO 160

COFy s SPEC(MN)

PI1J s xIXJOB(IJ)wCOF1/0ELTAY

CI(1,J) = ClJePLY

CONTINUE

ZY(1) s 0,9 ’
IF (NPRINT,GE,2,AND IX,LE,6)PRINT 190, IX,I,ZY(1),CCI(I,J),J=),NN)
FORMAT (* IX*,14,” 1°,13,° 2V*,E10,3,°CI*/S(10X,10E610,3/))
CONTINUE

NNN 5 NN

IF (NPRINT,GE,2,AND,IX,LE,6) PRINT 218, IX,(I,2Y(I),I=1,NN)
FORMAT (* ELEM#?,1%/6(8(19,E10,3)/))

NNE = NE

MM g MMy

AREA]l ® AREA

SUMD = SUMOW

ADRSN = (IX=1)#7,

CALL OPA (TPTRG,ADRSN,NNN,1748,)

CONTINNE

NSURY s |

CALL OPW (IPTR18,0,,NPROGL,6,.)

1P (NPRINT,NE,@) WRITE (2,%) ‘ELEMENY MATRIX COMPLETED’

RETURN
END
N8
7E ATTRIRUTES
~36 RW,1,CON,IL.CL
2s ’ RW,D,CON,LCL
T2 RW,DyCON,LCL
2233 Ru,DyCON,LCL
q RW,N,CaN,LCL
17 R,y OVR,GRL
RO™ RW,N,0VR,GAL
3.".“ PN,D.OVF,GBL
{y4sn ) RN'D'UVR.GHL
] RW, 1, NVR,GRL

TOTAL SPACFE ALLNCATED = R42446 B8S1H

FORTRAN TV=PLUS VP2aS1D 16307850 13-SEP=79

- - PAG
ELFMAY FTN /TR1AL OCKS/WR £ 3
tLPIWELEMAT
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SYSMAT FTN /TRIBLOCKS/KWR
c SYSMAT,FTN
g0y SURROUTINE SYSMAT (NELEM,NSTIF,NPT,NPRINT)

een2

1112
aenta

ae9s
aone
2807
ne0Me
2909
onte
2a1
eoti2
ae13
2014
7015
nete
ooty
2218
netle

2020
aga
neee
2923
0p2a
20n2s
@026
ra27
2028
@029
2030
0034
0832
2033
ensa
on3s
o036
op3y
2038
3039
CLTYS
P04y
reae
2043
?nsa
a4y
@aae
2047
LLYT)

[ I XX T Y PP YL L L DL L P DL LA L AL L L L LI L DL L L L L

c SYSYEM MATRIX
c----.----------.--..---O.-----.-.-.---C---.------.--------..
COMMON /POINT/IPTRL,IPTR2,IPTRY,IPTRY,IPTRS,IPTRS,IPTRT,IPTRE9 ,
+ IPTR1Q,IPTR11,IPTR12,IPTRI{3,IPTR14,IPTRIS,IPTR6,IPTRIY,IPTR1S
COMMON/TRACE/NPROG! ,NPRDOG2,NBAND,NPRD3I,NPROG3,NSUBS
COMMON/ELEMAT/NN,NE, MM, MDUM, AR, SUMQW,NOD (2@) ,2Y (2@) ,XIDLEM(22),
exjreoscen),cr(2n,ae)
NIMENSION NCDL(128),A(128),NODE(2048),IBANDW(2A48)
CALL OPR (IPTR18,0,,NPROGI,6,)
CALL DPR (IPTRY,17,,NODE,2048,)
ADR = NPTa2,¢t
CALL OPR (IPTR1O,ADR,IBANDW,2048,)
N0 1060 Ieg,i28
100 A(TY = @,
PO 112 I=1,NPT
ADR = In2,=i
CALL DPR (IPTRiD,ADR,NCOL,128,)
1102 CALL DPW (IPTR10,ADR,NCOL,384,)
DO 2A@ IEwi,NELEM
ADR = (JE=i)nY,
CALL OPR (IPTR6,ADR,NN,94a8,)
IF (NPRINT,GE,2,AND,IE,LE,6) WRITE (6,128) NE, ((CI(L,J),Jui,NN),1e
+1,NN)

120 FORMAT (* NE’,18,°CI*/B(8E12,4/))
ND 197 Kug,NN
KM s NOD(K)
NO 132 Isg,NPT
IF (KM _EQ,NODE(IY) GO 10 40
130 ConNTINUE
G0 1O 199
140 XK o 1
ADRN w KKa2el
CALL. DPR (IPTR12,ADRN,NCOL,384,)
1RAND = IBANDW(KXX)
N0 {AA Lwi,NN
JL = NOD(L)
NO 1S@ w1, ,NPT
IF (JLEQ,NODE(1)) GO TO 162
15 CONTINUE
60 Y0 {6807
160 JJ = I
00 17# LLwl,1BAND
IF (NCOL(LL) (NE,JJ) GO TO {79
ACLLY = A(LL)+CIC(K,L)
G0 YO 189
170 CONTINUE
1802 CONTINUE
CALL DPW (IPTR1Q,ADRN,NCOL,384,)
19¢ CONTINUE
ano CONTYINUE
NSURY = 2
CALL NDPW (IPTR18,0,,NPROGI,6,)
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SYSMAT FTN /TRIBLOCKS/NR

2049 IF (NPRINT,NE,@) WRITE (2,%) *SYSTEM MATRIX FORMED'
a0So RETURN
f0%1 END

PROGRAM SECTIONS

NAME SIZE ATTRIBUTES
SCODEY 901360 376 Rw,1,CON,LCL
SPDATA 000062 23 RW,D,CON,LCL
SIDATA QOQ134 as RW,D)CON,LCL
SVARS A214%6  349% RW,D,CON,LCL
STEMPS a0Rp14 [ RW,D,CON,LCL
PDINT 2a0prg2 17 RW,D,0VR,GBL
TRACE [ BN (3 Ru,D,0VR,GBL
ELEMAT 2p355SR 948 RW,D,0VR,6BL

TOTAL SPACE ALLOCATED = 027276 S919

1LPIeSYSHMAT

FORTRAN 1veP| LS VA2eSiN 16108318 13=SEP=79 PAGE

MREAD FTN /IRIRLOCKS /WA

1131 SURROLTINE MREAD (NPT, ,NPRINTY)

ane2 COHMMON /PQINT/IPTRL, IPTR2,IPTRS,IPTR4,IPTRS,IPTRA,IPTRT,IPTRES
+ IPTR1A,TPTRIY,IPTRI2,IPTRI3,IPTRIA,IPTRIS,IPTRI6,IPTRIT,IPTRLS

neey COMMNNZTRACE/MNPRNGY ,NPROGR, NBAND,NPRO3I ,NPROG3,NSURSY

nony NIMENSTON NCOL(128),A(128)

[d'J &) no 192 I=g,NMPY

ralre ADR = Tw2e-|

L1120 4 CALL PPKR (IPTRID,APR,NCOL,3R4,)

LITY ) ADR = (Tef)el,

FTLE) CALL DPW (IPTR12,ADR,A,2%56,)

nato ADR w ADRe2,

ANty 1na CAlLL DPw (IPYR12,A0R,NCOL,128.)

caya NSIIRY = %

213 ] CALL DPw (IPTR18,0,,NPRNGL,86,)

R4 IF (NPRINT,NE,R) WRITE (2,%) “MREAD SUBROUTINE COMPLETED’

oets RETHRN

[ 3 1) END

PROGRAM SECTIUNS

NAME SI17E ATTRIBUTES
SCNDE] a@Aa2%6 A7 Ru, 1,CON,LEL
SPNATA 00026Y 24 RW,0,CON,LCL
SIDATA RyaNSH 20 RW,D,CON,LCL
SVARS 00i4me 387 RW,0,CON,LCL
STEMPS 2paRAR2 | RW,0,CON,LCL
POINY oana4e 17 RW,0,0VYR,E8L
TRACE Q00914 [ AW,0,0VR,GAL

TOTAL SPACE ALLNCATYEND » Q22078 s42

sLPEIEMREAD
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UPPERT,FTN

opny
ope2

nems
aaPa
2003

2Q0e
aae7
Qpes
2009

20te
naty
ags2
2013
2014
nois
0016
pot?
onts
2a19
ogen
pa2y
ep22

2023
agPa
0028
on2e
a227
P828
2029
easa
P03t
en32
2033
ea3a
0035
2036
a037
2238
039
o04n
P04y
n0ap
2043
0044
anas
2046
apay
0048
P049

» R »»

c

/YRIALOCKSI/HWR

UPPERY FTN

SURROUTINE UPPERT (NPRINT,NREDOD)

COMMON /PDINT/IPYRL,1PTR2,IPTRY, IPTRA,IPTRS,IPTRG,IPTRT,IPTRAY
+ IPTRIM,IPTRLL,IPTR12,IPTR13,IPTRIA,1PTRIS,IPTRLS,IPTRIT,IPIRLS

COMMON/TRACE/NPRNOGL ,NPROG2,NBAND ,NPRO3T,NPROG3,NSUBS

INCLUDE °HOR,FTN?

COMMON/HDR/LNPY ,NTT ,NBPTC ,NBFPTC,NSTREM,NPT ,NSELEM,NELEM,NODMAX,
#NONZER,NOO,MATN,KTYPE ,NMAX ,NSTIF,NTIME,NSTORE,NDUM,TITLE(20),
spPy,0DP2,0P3,0P4,DPS,DP6,0P7,0P89,0P10,0P81,0P12,0P13,0P14,DP15,
#DP16,0P17,DP18,NTSURF ,NESURF

COMMON/UPPERT/ZAA(2%6) ,NNCOL (232) ,NC,MAXCOL ,MINRQW,NFAK

COMMON/BSTORE/ZIPIVOT(768), I0PROW(T68),COEF(768)

COMMON/SYST/ZA(RS6) ,NCOL(232)

COMMON/START/LL ,MAXNID,NNTIME, IBAND,NNSTOR,NDU, IBANDW(2048),
*NSTOPP(2848) ,NBTART(2048)

COMMON/STORE/ZAST(3840)

DIMENSTON I87(7680)

EQUIVALENCECAST(1),187(1))

CALL OPR (IPTR18,0,,NPROGY,H,)

NSUBRY = 40

CALL DPW (IPTR18,Q,,NPROGL,6,)

CALL NPR (IPTR1,0,,LNPT,902,)

ADR ® 2sNPT#Y,

CALL DPR (IPTR12,ADR,1BANDW,2048,)

ADR = ADR+8,

CALL DPR (IPTR{Q,ADR,NSTART,2048,)

ADR » ADRe8,

CALL OPR (IPTR13,ADR,NSTQOPP,2044,)

DOURLE PRECISION A,AA,B,X,C,AAA,AL,SAVE,2ZTEST,DABS

NSTORE » @

NROWS 2 17

LIMIT = 10000

IF (NPRINT.EQ,1) LIMIT » 1020

IF (NPRINT,GE,2) LIMIT = g0

IF (NPRINT,GE,3) LIMIT w {

NCOUNT w @

LPRINT = @

NTIME o @

ITEST « @,

NMAXX & 768

RECNRD 8 12,

NNN = 253

MAXWID ®» NSTIF

NBEG =

IF (NREDO,EQ,2) GO TO 11@

CALL OPR (IPTR16,D,,LL,8150,)

IF (NPRINT,GE,3) PRINT %, *IBANDW REAO’, (I,1BANOW(I),Is1,NPT)

NBER w LL

NSTORE ® NNSTOR

NTIME u NNTIME

ADRS 8 16 ,*NTIMESRECORD

CALL DPR (IPTRIS,ADRS,IPIVOT,NMAXX®Q,)

NSUAS = ai

CALL DPW (IPTR1R,0,,NPROGI,6,)

WRITE (2,%) *REANDINGNEWPARAMETERSDONE?

IF (NREDO,EQ.1) 60 TO 114

9-53



FORTRAN IVePLUS vR2=510 16108124 13=3EPe79 PAGE 2
UPPERT FTN /TRIRLOCKS/WR

oesa NSUBY = 42

20931 CALL DPw (IPTR18,0,,NPROG1,6,)

20%2 NREAD = (NPT=1)/NROWS+1

A0S} N0 102 Jmi,NREAD

nosy NLEFTY » NPTe(Ieoi)aNROWS

00%s TF (NLEFT,GT,NROWS) NLEFT = NROWS
0oSs ADR &= (I=§)aNROWSaY,

nosy WRITE (2,%) *1,ADR,NLEFT’,1,ADR,NLEFT
20958 1F (NLEFT,LE,8) GO YO 110

f0S9 CALL DPR (IPTRI7,ADR,AS8T,768,#NLEFT)

LI LY 1ae CALL OPW (IPTRIR,ADR,AST,768,4NLEFT)
2064 119 DO 39 LLuNBEG,NPT

[J1Y] CALL SSWTCH (1,I84T)
2063 IF (ISWT,EQ,1) WRITE (2,%) * ROW?,LL,* LEFT/ NPTwiL
(1LY CALL SSWYCH (d,I8WT)
0068 IF (ISWT,NE,L1)Y GO YO t20
0068 WRITE (2,%) "CHECKTHESWITCH"@"ITIS"1",IFERRORTYPERY
aoeY WRITE (2,%) "OTHERWISEYYRELTOSTOP’
51 1.1.) READ (2,%) I8WT
0069 IF (99T NEL1) GO TO 122
oaty NNTIME = NTIME
a7y NNSTOR = NSTORE
PaYQ CALL LPW (IPTR16,0,,LL,)51%0,)
noTs ADRS & J b ,*NTIMEXRECORD
@274 CALL DPW (IPTR19,ADRS,IPIVOT,NMAXX®G,)
0078 NSURS = &y
oa7e CALL DPW (IPTR18,0,,NPROGE,6,)
oar? WRITE (2,%) *RESTARTPRAMETERSWRITYENONDISK’
aoTs sToe
0279 120 NC = 9999
foaa 00 130 Iwj,NPY
2081 IC = IBANDW(I)
2082 i1f ¢(1Cc,LE,3) GO YO 130
2083 IF (1C,GE,NC) GO TO 130
1.1} MINROW = I
poas NC » IC
1LY 130 CONYINUE
(L1} M s MINROW
so8s ADR ® (Maj)sl,
2049 CALL DPR (IPTR12,ADR,AA,764,)
2090 NNCOL (NCe3) s @
3091 Al = 2.0
#0992 N0 140 Jeg,NC
c AAA = DABS(AACI))
0093 AAA » ARS(AACI))
2094 IF (AAA,LT,AY) GO TD 140
2095 Al = AAA
098 1Y = 3
2897 1an CONTINUE
an9s MAXCOL ® NNCOL(1Y)
en99 X » AACLY)
170 IF (X,NE,3,0) GO YO 1%0
2194 WRITE (2,%) ‘UPT xX=@ AT LL*,LL,"MINROW’ ,MINROW, *NCOL*, (NNCOL (IK),
*ACIKY,IKe1,NC), *MAXCOL *,MAXCOL
o102 sToP
o193 {190 NO 168 Jwi,NC
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UPPERT FTN

0104
0108
2106
o1a7
TLT)
0109
A1
a1y
@112
6113
f114
0118
2116
117
2118
@119
0120
a121
8122
0123

124

129
2326
e127

128
2129
2130
2134
ny13g
2133
0134
213s
2136
2137
a158
2139
2149
214}
a143
a14as
@344
@149
Pide
P147
aL1488
@149
2150
2154
2152
2133
a154
2135
215e

160

179

180

199

200

210

/TRIBLOCKS/WR

AACJY = AACJ) /X

AALTIY) = 1,0

NSTNARE s NSTORE+!

TPIVOT(NSTORE) o M

JOPROW(NSTORE) = M

COEF(NSTARE) » X

IF (NSTORE,LT,NMAXX) GO TO 7@

ADRS ® 16, ¢NTIMERRECORD

NTIME » NTIME+Q

NSTORE ® 0

CALL DPW (IPTR1S,ADRS,IPIVOT,NMAXX®G,)
ADR ® (NPTeLL)#3,

NP{ & NPTell

CALL OPW (IPTR{3,ADR,AA,T768,)

LPRINTY & LPRINT#{

IF (LPRINT,LT,LIMIT) GO TD 240

LPRINT » @2

NCOUNT ® NCOUNTe{

MORE & NPTeLL

WRYTE (6,180) LL,MDRE,MAXCOL,NC,MN,MAXNID,NTIME, (NNCOL(1J),AACI]),
*1Jug,NC)

FDEM:? CF LL,1S,? LEFT?, 18,7 MAXCOL®,1%," IBAND’,I%,* MINROW®,1S,
+4 MAXWID’,15,* NTIME®,18/,12(8(1%,810,2)/))
IF (NCOUNT,LT,18) GO TO 200

CLOSE (UNITEb)

IF (NPRINT,NE.@) WRITE (2,%) °ROW OPERATED’,LL,*ROWS LEPT?,MORE, ‘N
STIME? ,NTIME

NCOUNT ®» 0

NREAD s (NPTo1)/NROWS+!

DO 1928 LKsi,NREAD

ADR ® (LKe1)aNROWS®3,

NLEFPT = NPTw([Kei1)*NROWS

IF (NLEFT,GT NROWS) NLEFT = NROWS

CALL OPR (IPTR12,ADR,AST,T68,aANLEFT)
CALL DPW (IPTRIT,ADR,AST,768,eNLEFY)
NNTIME = NTIME

NNSTOR & NSTOREm{

1F (NNSTOR,LT,@2) PRINT a, ¢ anaa NNSTOR NEGATIVE NREDO®=2 NOT GOOD*
CALLL DPW (IPTRi6,2,,LL,6150,)

ADRS ® {6 ,*NTIMEARECORD

CALL DPW (IPTR1S,ADRS,IPIVOT, NMAXX®G,)
NSURY = 42

CALL OPW (IPTR18,0,,NPROGL,b,)
IBANDW(H) = O

IF (LL,EQ,NPT) GO TO 390

LL1 ® NSTART(MAXCOL)

LAST = NSTUPP(MAXCOL)

L= LLt=y

L = Let

1F (L,BT.LAST) GO TO 380

IF (IBANDW(L),.FQ,0) GO TO 21@

ADR ® (Lwf)n3,

NLEFT & LASTejief

IF (NLEFT,GT,NROWS) NLEFT s NROWS
RWORNS & 76B,aNLEPT

L = L=t
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UPPERY FTN /TRIALOCKS/WR

c WRITE(6,%) *NLEPT,RWORDS, ADRY ,NLEFT,RWORDS, ADR
2157 CALL DPR (IPTR12,ADR, AST,RWORDS)
2158 NWNRITE » @
2159 00 378 IROWSL,NLEPTY
0160 L = L*y
0161 I s L
2162 NC & IBANOW(])
2163 1F (NC,EQ,2) GO YO 370
p16a IBASEA & (JROWe1)a3Ba
2165 IBASEN 8 (IROWel)aToB84¢312
8166 DO 22@ LTsi,NC
2167 NCOLILT) & IST(IBASENeLT)
0168 229 A(LT) = AST(IBASEASLT)
2169 NCNL (NC*1) = @
21Ta DO 344 Jsi,NC
a7y IF (NCOL (J)wMAXCOL) 340,230,370
o172 2302 NOPRNNW =
2173 NWRITE = |
2174 JXoP = |
e17s JKPT o §
176 C n =A(J)
2177 NSTNRE » NSTOREe{
2178 IPIVOT(NSTORE) o M
2179 IOPROW(NSTORE) s
2180 COEF(NSTORE) =
niay IF (NSTORE,LT,NMAXX) GO TO 240
0182 ADRS ® (A *NTIMEARECORD
0183 NTIME & NTIMES|
o184 NSYDRE = @
0188 CALL OPW (IPTR1S,ADRS,IPIVOT,NMAXXNG,)
2186 248  CONTINUE
0187 IF (NNCOL(JIKPI) EQ,0) GO TO 3359
0188 IF (NCOL (JKOP),EQ,@) GO YO RSO
®189 IF (NNCOL (JKPI)eNCOL (JKOP)) 292,270,330
2190 250 11 = IAANDNW(I)®}
0194 NCOL(TI*1) o 2
2192 IF (MAXWIOLLT,11) MAXWID w II
28193 IBANDK(I) » I
P194 IF (MAXNID,GT,NNN) GO TO a2@
0219% N9 = NNCOL (JXPX)
219 IF (NSTART(N9) ,GT,1) NITART(NY) o |
2197y IF (NSTOPPIN9) ,LT,1) NSTOPP(NY) o ]
2198 JKL = JKOP+}
8199 269 IX = Jlei
CE-LT) ACT1) = ACIX)
o204 NCOL (1Y) = NCOL(IX)
0202 11 o IX
o2m3 IF (IX,GE.JKL) GO TO 260
fpoa , ACJIKOPY o AA(JKPI)eC
0208 NCOL (IKOP) 8 NNCOL(JXPI)
2204 IX = NCOL(JKOP)
g2ny G0 T0 32@
o208 270 IX = NCOL(JXOP)
02r9 IF (1X,EQ,MAXCOL) GO TO 284
sai1e X » AA(IKPIIwCHA(CIKOP)
oe1t A(JKOP) = X
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UPPERT,FTN

ea12

0213
p214
Q238
p2ie
0217
nz218
2219
@220
B221
n222
a223
0224
0228
BR26
a227
0228
p229
823p
ea3y
0232
8233
e23a
f2ss
2236
P23
o21s
2239
g240
P24y
gea2
0243
9244
2245
2246
0247
0248
A249
gRSe
#2514
n2%2
0293
e2%4
0255
22%6

023y

8258
829%9

260
29%e
b 1.1

310

a0
330

340
150

360
310

330
39@

410
429
a3p

450
460

/TRIALOCKS/WR

ATEST = ABS(X)=2TEST
ATESY s DABS(X) e ITESY

IF (ATEST,GT,?,) GO YO 327

IBANDW (NOPROW) » IBANDW(NOPROW) =1

IF (IBANDW(NOPROW)) 290,290,300

PRINT a48@, MINROW,MAXCOL,NOPROW

sToP

IX = IRANDW(NOPROW)

00 310 NKeJXOP,IX

A(NK) & A(NK*1)

NCOL (NK) & NCOL(NK*{)

IN = JX¢)

NCOL(IX) = @

ACIX) = 2,0

JKPT & JKPI#]

GO 10 240

JKPY ®» JXPlel

JXOP = JKOP+!

60 YO0 24m

CONTINUYE

NC = IBANDW(I)

DO 369 LTsi,NC

IST(IBASENSLT) = NCOL(LT)

ASTC(IBASEASLT) = A(LT)

CONTINUE

IF (NWRITELEQ,1) CALL OPW C(IPTR{2,A0R,A8T,768,eNLEFY)
GO 70 210 .
CONTINUE

CONTINUE
- BALL 8 NTIME

BALL » BALLWNMAXXeNSTORE

CALL OPW (IPYRY,8,,LNPT,90,)

IF (NPRINT,GE,2) WRITE (6,400) BALL

FDRMAT (’ TOTAL NUMBER OF B STORE’,Fi0,0)

IF (NSTORE,.EQ,R) 6D YO 418

ADRS = §6,¢NTIME«RECORD

CALL DPW (IPTR{S,ADRS,IPIVOT,NNAXXR4,)

IF (NPRINT,GE,1) WRITE (6,4860) MAXNID

GO TD 430

PRINT 450, I,LL

sTop

NSURS = 4

C‘LL D’N (IPT“",“..NP“DG"G.)

1F (NPRINT,NE,2) WRITE (2,%) "UPPER TRIANGLE DECOMPOSITION DONE’
RETURN

FORMAY (12A(°#°)/5X, MATRIX SINGULAR’/,SX, MINROW?,153,* MAXCOL',IS
4,7 NOPROW’,I%* PROGRAM STOPPEN®/,120('8°)//)
FORMAT (215,°DIMEN OF A , NCOL AND ASSOCIATED PARAMETERS EXCEEDED*
+)

FORMAY (4 MAXWID’,I10)

END

PROGRAM SECTIONS

NAME

SI1E ATTRIBUTES
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UPPERT ,FTN /TRIBLOCKS/WR

SCODE1 Q06744 1778 RW,1,CON,LCL
SPDATA 0Q@0510 164 RW,D,CON,LCL
SIDATA 000634 206 RW,D,CON,LCL
SVARS 200164 8 RW,D,CON,LCL
STEMPS 000029 8 RW,0,CON,LCL
POINTY Q20482 17 RW,D,0VR,GBL
TRACE os0aiq 6 RW,D,0VR,GBL
HOR 00274 99 Rw,D,0VR,GBL
UPPERT 003000 768 RW,D,0VR,GBL
BSTOURE 014000 3n72 RW,0,0VR,GBL
8ysr LLERRL: T64 RW,D,0VR,GBL
STARY 230014 61%0 RW,D,0VR,GBL
STORE 236000 TYoAo RW,D)0OVR,GBL

TOTAL SPACE ALLOCATED e {21072 20769

+LPIRUPPERT

FORTRAN IVePLUS vA2e8D 16129113 13=8EP=79 PAGE 1

MREADB,FTN /TRIBLOCKS/WR

egay SURRNIJYINE MREADS (NPT,NPRINT)

LT.L.F] COHMON /PNINT/IPTR1,IPTR2,IPTR3,IPTRA,IPTRS,IPTRG,1PTR?,IPTRAY
4 1IPTR{Q,JPTRL1,IPTR12,IPTR13,IPTR14,IPTRIS, IPTRI6,IPTRL?,IPTRLS

CT.LL COMMON/TRACE/NPROGY ,NPROG2,NSAND,NPRO3I,NPROG3,NSUB3

9004 DIMENSTION NCOL(128),A(128)

e0es DO 1AA lag,NPT

[T 118 ADR = Ia2ei

[- 1.1} CALL DPPR (IFTRlO,ADR.NCOL'SBG.)

epoa ADR s (Ie1)n6,

gong CALL DPW (IPTR12,ADR,A,2%6,)

LTIV ADR ® aDR4+4,

P01} 180  CALL DPPW (IPTR12,ADR,NCOL,128,)

epl2 N3URS ® 3

on1s CALL DPW (IPTRi8,@3,,NPROG]1,6,)

eeta IF (NPRINT,NE,2) WRITE (2,#) ’MREAD SUBROUTINE COMPLETED®

9019 RETURN

fo1e END

PROGRAM SECTIONS

NAME s1ze ATTRIBUTES
SCODEY QR29%6 87 RW,I,CON,LCL
SPDATA PQDP6O 24 RW,0,CON,LCL
SIDATA oapoese 20 RW,0/,CON,LCL
SVARS Qn1430e6 387 RwW,0,CON,LCL
STEMPS eodr0R | RW,D,;CON,LCL
POINT ea0042 17 RW,0,0VR,GBL
TRACE 229014 6 RW,Ds0YR,G8L

TOTAL SPACE ALLOCATEN = 0202074 S42
sLPISMREADS

9-58



S

-

BT

e

P

3

PORTRAN [Ve=PLUS vA2=31D 16189817 1328EP=79 PAGE 1

UPERTBFTN

apoy
I LH

agos
9004
090S

anns
9027
oens
2089

2019
ag1y
eale
Pe13
eesa
2a1%
ga1e
aety
2018
2019
#e209
o021
no22

os23
0024
2023
02s
ee27
oa2s
2929
(BT
co3y
P32
7o33
o834
2035
093e
nasy

ap3s
on39
@040
neay
ena2
anas
aedq
oQ4s
0046

L 20 2B 2% 1

c

/TRIBLOCKS/ R

UPERTA,FTN

SURROUTINE UPERTA (NPRINT,NREDQ)

COMMON /PDINT/IPTRY,IPTR2,1PYRS,IPTRA,IPTRS,IPTRG,IPTRY,IPTRE? ,
¢ IPTR{A,IPTR1I1,IPTR12,IPTRI3,IPTRIQ,IPTRIS,IPTR16,IPTRLT,IPTRIS

CUMMON/TRACE/NPROGI ,NPR(}G2,NBAND,NPROSI,NPROG3,NSUBY

INCLUDE *HDR,FTN'

COMMON/HDR/LLNPT ,NTT ,NBPTC,NBFPYC,NSTREM, NPT ,NSELEM,NELEM,NODMAX,
ANONZER,NOD MATN,KTYPE ,NMAX,NSTIP ,NTIME,NSTORE,NDUM, TITLE(20),
#DPy ,OP2,0P3,0P4,0PS5,0P6,DPTY,DPR9,0P10,0P1,DP12,0P13,0P14,0P1Y,
#DP16,DP1Y,DPLA,NTSURF,NESURF

COMMON/UPPERT/AA(2%6) ,NNCOL (252) (NC,MAXCOL ,MINROW, NFAK

COMMON/BSTORE/IPIVOT(T68), 10PROWCTS8) ,COEF(T68)

COMMON/SYST/A(S12),NCOL(S12)

COMMON/START/LL ,MAXWID,NNTIME, IBAND,NNSTOR,NDU, IBANDN (202438),
*NSTNPP(2MA8) ,NSTART (2748)

COMMON/STORE/ZABT(3072)

DIMENSTION 137(6144)

EQUIVALENCE(AST(1),18T(1))

CALL DPR (IPTR18,0,,NPROGI,b5,)

NSIIAS s 4@

CALL OPW (IPTR18,0,,NPROGL,6,)

CALL OPR (IPTR!,0,,LNPT,90,)

ADR = 2aNPTe{,

CALL OPR (IPTR13,ADR,IBANDNW,2@48,)

ADR w ADRe+8,

CALL DPR (IPTR1@,ADR,NSTART,2048,)

ADR ®» ADR+8,

CALL DPR (IPTR13,ADR,NSTOPP,2048,)

DOURLE PRECISION A,AA,B,X,C,AAA,AL,SAVE,2ZTEST,DABS

NSTORE = 0

NROWS = 4

LIMIT & 10002

IF (NPRINT, EQ,1) LIMIT s $08

IF (NPRINT,GE,2) LIMIT = {0

JF (NPRINT,GE,3) LIMIT « |

NCOUNT & @

LPRINT » p

NTIME o @

ITESY « @,

NMAXX = 768

RECNRD = (2,

NNN » 5§13

MAXWID ® NSTIF

NBEG ®

(o Y R e Y Y T e Y L L Y L e T P P P P S L DL DR LY L L Y

c

THE BArCKk UP 18 NOT USED TO FILEQ SPACE

XLy T Y T P R Y Y P Y P T P I R P Y R R R LR R DAL L R DL L P LA L L L

DO 392 LLaNBEG,NPT

CALL SSWTYCH (1,I8WT)

IF (ISWT,EQ,§) WRITE (2,%) * ROW’)LL,* LEFT? NPT=LL
NC = 9999

00 138 I=y,NPT

IC = IRANDW(I)

1F (1C.LE.?) GO TO 130

IF (IC,GE,NC) GO YO 130

MINROW s T
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ooay
204s
aeas
Q0%e
11}
0052
eess
fesa
2058
o098
aesy
"0Ss
gese

2960
naet
ogep
Pe63
ag6s
ages
0066
one?
apes

a069
eeTn
f07Y
aere
aoTs
o07a
2973
0076
aar?
enrTs
2979
aodn
as8y
aose2
ogas
0084
0088
ag8s
no8Y
op8s
o0A9
oeon

092
2093
oess

fe9s
2096
297

140

1352

160
179

190

/TRERLOCKI/NR

NC = IC

CONTINUE

IF (NC,LE,252) GO TO 140 .

WRITE (2,%) °NC?,NC,°LLY,LL, "STHAN 232 PROGRAM STOPPED?
WRITE (6,%) "NC’,NC,”LL"sil,*PTHAN 252 PROGRAM STOPPED’
sTar

M g MINROMW

ADR ® (Mwi)eb,

CALL DPR (IPTR12,ADR,AA,904,)

CALL DPR (IPTR12,ADR4,NNCOL,2%52,)

NNCOL (NC+1) & @

Al » 8,9

PO 1% Jeg,NC

AAA & DABS(AACY))

AAA » ABS(AA(D))

IF (AAA,LT.Al) GO TO 1930

AL = AAA

1Y o J

CONTINUE

MAXCOL ® NNCOL(IY)

% s AA(CLY)

IF (X,NE,Q,0) GO YO 160

WRITE (2,n) “UPTY®GATLLY,LL, "MINROW? ,MINROW, *NCOL*, {NNCOL (IK),AA(]
+K), IKe ,NC), "MAXCOL?,MAXCOL

sTop

DO 170 Js§,NC

AACJ) & AACJS) /X

AACLIY) = 1,0

NSTORE = NSTOREs{

IPIVOT(NSTORE) & M

IQPRON(NSTORE) » M

COEF (NSTORE) s X

IP (NSTORE,LT,NMAXX) GO TO 182

ADRS ® 1§, ¢NTIME«RECORD

NTIME u NTIME#{

NSTORE s @

CALL DPW (IPTR1S,ADRS,IPIVOT,NMAXX®A,)

ADR & (NPTsLL)e3,

NPt ® NPT=LL

CALL DPW (IPTR13,ADR,AA,768,)

LPRINT = LPRINTe|

IF C(LPRINT,LT,LIMIT) GO TO 200

LPRINT » @

NCOUNT 8 NCOUNT#{

MORE = NPTeLl

WRITE (6,198) LL,MORE,MAXCOL,NC,M,MAXNID,NTIME, (NNCOL(IJ),AACIJ),1
+Je1,NC)

FORMAT (4 LL’,I5,° LEFT*,15,* MAXCOL',19,* IBANDY,19,° MINROW’,1S,
% MAXWID®,15,° NTIME’,15/,12(8(1%,E10,2)/))

IF (NCOUNT,LT,18) 60 TO 200

CLOSE (UNITwe)

IF (NPRINT,NE,M) WRITE (2,%) ’ROW OPERATED®,LL,’ROWS LEFT’,MORE,’N
+TIME"N"IHE' *BANDY,NC

NCOUNT & @

NNTIME ® NTIME

NNSYOR o NSTUREw(

9-60



FORTRAN IVePLUS VP2eS1DN 16129117 13=3€EP=79
UPERTA FTN

0098
0099
217
YT
ay02
P103
wi0g
@108
o106
B10Y
CITLY
ny09
o11a
“ 2111
a412
2113
ag14
9115
2116
o137
f118
a119
a120
0121
9122
8423
a124
v129
8126
8127
a128
i @129
0130
013
2132
0133
p13a
2138
2136
A3y
0132
0139
CTET)
2141
@142
2143
0144
8145
8148
8187
e1aa
2149
0150
0153
0182
0153

i

oy

200

210

230

240

230

/TRIBLOCKS/WR

1F (NNQTOR,LT,®) PRINT #, * wwaa NNSTOR NEGATIVE NREDOe2 NOT GOOD®

CALL DPW (IPTRIS,N,,LL,56150,)
ADRS ®» 16,¢NTIMEXRECORD

CALL DPW (IPTH1S,ADRS,IPIVOT,NMAXX#d,)
NSUIRY e a2

CALL DPW (IPTR18B,0,,NPROG],b6,])
1BANDUW (M) » @

IF (LL,EQ,NPT) GO TO 399

LL1 » NSTART(MAXCOL)

LART ® NSTOPP(MAXCOL)

L o= LLi=t

L = L#*

IF (L,GT,LAST) GO To 38Q

IF (1IRANDW (L) ,EQ,®) GO Tn 217
ADR & (Lel)wé,

NLEFT a LAST#1~L

IF (NLEFT,GT,NROWS) NLEFT = NROWS
RWORDS = 1938 ,«4NLEFT

L = L=y

CALL DPR (IPYR12,ADR,AST,RWORDS)
NWRITE » @

DO 370 IROWS],NLEFT

L = Lt

I &L

NC = IBANDW(I)

IF (NC.,EQ,0) GO TO 372

IAASEA & (IROW=1)n768

IBASEN s (IROW=3)n1536+1024

DO 222 LTai,NC

NCOL(LT) o IST(IBASENSLY)

ACLTY = AST(IBASEA+LT)

NCOL (NCe1) = @

D0 340 Jsy,NC

IF (NCOL(J)=MAXCOL) 343,230,370
NOPROW » T

NWRTITE =

JKop @

JKPT =

C s «A(J)

NSTNRE ® NSTURE+!
IPIVOT(NSTORE) e M
T0PROW(NSTORE) ® I

COEF(NSTORE) = C

1F (NSTORE.LT,NMAXX) GO TO 24@
AORS & 16,¢NTIME#RECORD

NTIME w NTIME+{

NSTORE = 9

CALL OPW (IPTR1%5,ADRS,IPIVOT,NMAXX®A,)
CONTINUE

IF (NNCOL(JKPI) . EQ,@) GD TO 350
IF (NCOL (JXKOP) ,EQ,®) GO TO 282
IF (NNCOL(JXKPI)=NCOL (JKOP)) 250,270,330
I1 = IRANDW(I)e®1

NCOL(ITI®1) » @

IF (MAXWEID,LT,II) MAXWID = TII
TBANDWCIY » 11
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UPERTA,FTN /TRIBLNCKS /MR

21%8q IF (MAXWID,GT,NNN) GO TO 820
018s N9 = NNCNL(JKPI)
2156 IF (NSTART(N9) ,GT,I) NSTART(NS) » ]
21%7 IF (NSTOPP(N9) LT,I) NSTOPP(N9) 8 |
ny1S8 JKL & JKOPe¢}
21%9 260 IX 8 Ilwi
2160 AC1T) @ A(CIX)
B16o4 NCOL(IT) = NCOL(IX)
at62 11 = IX
2163 IF (IX,GE,JKL) GO YO 268
2164q ACJKOP) = AACJIKPY)eC
P16S NCOL (JXOP) = NNCOL (JKPI)
2166 IX & NCOL(JXOP)
e167 G0 T0 324
YY) 270 IX = NEOLCIXOP)
0169 IF (IX,EN,MAXCOL) GO TO 28@
- FR X X & AA(JKPI)eCeA(JKOP)
2171 A(JKOP) # X
e172 ATEST = ABS(X)=2TEST
c ATEST = DARS(X) = ZTESY
o173 IF (ATEST,GT,0,) GO YO 322
o174 260 IBANDW(NOPROW) & IBANDW(NOPROW)e1
8178 IF C(IBANDW(NOPROW)) 290,290,300
217 290 PRINTY 443, MINROW,MAXCOL,NOPROW
o177 sTOP
o178 3a0 IX = IRANOW(NOPROW)
2179 DO 313 NXsJKOP,1IX
2180 ACNK) = A(NK+1)
@184 310 NCOL (NK) = NCOL(NK*1)
2182 IX w X1
0143 NCOL (IX) = @
0184 ACIX) »w 00 @
n18% JKPT w JKPIed
Q186 GO TO 244

2187 320 JXPI = JUKPIe{

0188 330 JKOP s JKOP+1

a189 GO TN 240

2190 348 CONTINUE

2191 350 NC = IRANDW(I)

2192 D0 36@ LTsi,NC

2193 ISTCIBASENSLT) ®» NCOL(LT)
0194 360 AST(TBASEA+LT) = A(LT)
p§9y 3710 CONTINUE

2196 IF (NWRITEL,EU,1) CALL OPW (1PTR12,ADR,AST,1936,eNLEFT)
"497 GO 1O 214

23198 b1.1:) CONTINUE

2199 39@  CONTINUE

e2mp BALL ® NTIME

p2ay BALL ® BALLANMAXX&NSTORE

p2@2 CALL OPW (IJPTRi,A,,LNPT,9d,)

?203 IF (NPRINT,GE,2) WRITE (6,80Q0) BALL

P20 402 FORMAY (° TOTAL NUMBER QF B STORE",Fi10,0)
ogos IF (NSTURE.EW,3) G0 Y0 4i@

veds ADRS & 16,¢NTIME«RECORD

0287 CALL DPW (IPTR1S,ADRS,IPIVOT,NMAXXegd,)

eaes 110 IF (NPRINT.GE,1) WRITE (6,367) MAXWID
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UPERTRFTN
2209
a21e 420
o211
a212
pels 4390
ertia
ea1s
e21¢
e217 4492

*
o218 ase

¢
o219 LLY
Pere
PROGRAM SECTIO
NAME 81
SCODE1 @Q%630
SPDATA @@0ra2
SIDATA 20074
SVARS no0L 60
$STEMPS Qeon20
POINT [e0aae
TRACE 2geQld
HDR aenerd
UPPERY @alaep
BSTORE @14c00
sysry agseee
START 230014
STORE 030200

/TREBLOCKS/WR

60 T0 a3

PRINT 432, I,LL

WRTITE (2,452) I,LL

sTop

NSURY s 4

CALL DPW (IPTR18,@,,NPROGL,6,)

IF (NPRINT,NE,@) WRITE (2,%*) 'UPPER TRIANGLE DECOMPOSITION DONE’
RETURN

FORMAT (120 (*#°) /%%, 4MATRIX SINGULAR®/,SX, MINROW?,15,¢ MAXCOL®,1S
;! NOPROW®,13¢ PROGRAM STOPPED*/,120('#*)//)

FORMAY (¢ ROW OPERATED®,I4,’ ROWS DONE’,I4,° A AND NCOL DIMENSION
EXCEEDED nvakanke PROGRAM STOPPED DUE TO ABOVE’)

FORMAT (¢ MANWID?, 110)

END
NS
4 ATTRIBUTES
1484 R, I,CON,LCL
113 RW,D,CON,LCL
226 RwW,0,CON,LCL
1 RW,D,CON,LCL
8 RwW,0,CON,LCL
17 RW,0,0VR,GAL
6 RWeNyQVR,GBL
94 AW, 0,0VR,GBL
765 RH,D'OVR.GBL
nT2 Rw,D,0VR,G8L
1536 RW,0D,0VR,GBL
6150 RwW,N, 0VR,GBL
61“4 RH'U'OVR'GBL

TOTAL SPACE ALLOCATED » 114664 19674

1LPISUPERTS
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BVALUE ,FTN

g0y

fe02

feas
2004

eees
aens

eoa?y
eoes
epa9
ea1o
0011
wet
ne13
eo14
f015
2016
ooty

eo18
ees9
en2n
Q021
eep2
2023
oo2a
eo2s
2026
ae2?
eg2a
2029
gela
2ol
ep32
o033
20348
203s
2036
037
0p3s
2039
agap
agay
ded?
f043

c

/TRIBLNCKS/WR

BVALUE,PTN
SUBROUTINE BVALUE CIT,NQWCP,NU,NRFPTC,NSTREM,NMAX,NPT,NPRINT,NELEN
+,NSELEM,NSTENY, NPT, NBPTC,NHBOND)

c-’.--....--..--.-.---..Q.....--Q....-.Q'.-........---‘-..QQ

c

B VALUES ARE ESTIMATEQ

c—...-..----------.-..--.-.---.-------.q-..-----..---.--’g-..------.-..QQ

COMMON /PDINT/IPTR1,IPTR2,1PTRY,IPTRA,IPTRY,IPTR6,IPTR7,IPTRE9 ,
+ IPTR1Q,IPTR11,IPTRI2,IPRTR13,IPTR14,IPTRIS,IPTR16,IPTRIT,IPTRYS
COMMON/TRACE/NPROG1,NPRQG2,NBAND,NPROSI,NPROGS,NSUBS
COMMDN/ELEMAT/NN,NE, MM, NHEAD,AREA,SUMQW,NOD (20) ,2Y(22),XIDLEN(20),
+ XTJCOR{23),C1(20,20),PPLJ(R0O,20)

COMMON /KXYZ/ XK(S@),YK(SQ),IK(SQ)

OIMENSTION BIVF(128),STREAM(126) ,NFLUXCTS8),LENGTH(768) ,ELEV(TARA),
+NONRF (128),2(2%96),B(2348) ,HEAD(256) ,BIV(768),8IVP(768),
¢IDENT (768) ,NODE (2248) ,3UNQ(2960),Q(768) ,HEADD(20) ,NODB(768)
EQUIVALENCE (LENGTH,NOOB), (ELEV,B81V), (SUMQ,2),(Q,B81VP)

CALL DPR (IPTR18,8,,NPROGL,4,)

CALL DPR (IPTRi,17,,NODE,2048,)

CALL OPR (IPTR1,10,,IDENT,768,)

CALL DPR (IPTRT,9,)NFLUX,T08,)

CALL DPR (IPTR7,26,,NODBF,128,)

CALL DPR (IPTRY?,27,,BIVF,2%6,)

CALL DPR (IPTRY,Q,,N0ODB,748,)

IF (NSTEDY,NE, @) GO T0O 10@

CALL DPR (IPTRY,3,,Blv,788,)

GO YD t2@

c-.-...-.-.---‘-.-.-.---------........-.--.---.-----..---.-..-.~..-...‘-

c
c

SINCE SIMULATION FOR CHANGE IS DONE 81V IS READ ONLY
IF THERE 18 VARIABLE HELD 8,C,

c---..--------..-.-----.--.-...-...--.--.--------.---.---.-’-.-~..-..-.-

1a8

110
12@

130

150
160

170
180

190
200

IF (NRRUND,EG,@) GO TO 120

WORDS » NBPTCw2,

IF (IV.EQ,1) CALL OPR (IPTR?,3,,BIVP,W0OROS)

IF (1v,67,1) CALL DPR (IPTRS,(IT=2)w6,+1821,,8IVP,wWORDS)
CALL DPR {IPTRS,(ITel)wn,+1821,,BIV,WORDSE)

DO 118 Isg,NBPTC

BIV(I) » BIV(I)=BIVP(])

3Ive(l) = 0,

IF (NPRINT,LT,2) GO YO 130

WRITE (6,%) ?NODBINBVALUE?,NBPYC, (NODB(1),8IV(1),18),NBPTC)
WRITE (6,%) *NBFPTC’,NBFPTC, (NODBF(1),BIVF(1),1a1,NBFPTC)
NRHH = @

NMAXH = 286

ADRH = 20,

CALL DPR (IPTR89,ADRH,HBAD,S512,)

GO YO (17P,1408,1508), NG

ADR = 1003,

GO 10 169

AQR = (ITwml)w6,+1401,

CALL DPR (IPTRS,ADR,N,1%3s,)

IF (NPRINT.GE,1) PRINT 493, (I,R(1),1s1,NSELEM)

GO TO (21@,188,190), NOWCP

ADR = {,

GU Y0 204

ADR & (IT=i)w2d,+1,

CALL DPR (IPTRS,ADR,8uUMG,5129,)
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BVALUE FTN /TRIALOCKS/HWR
c-...-.--..---.-.---......-..---..-.---.'-..---.----..---..--‘.........‘
c START OoF ELEMENY (00OP
c--.----.----.----0--.--.-.--...-------.-0----.--.-.----.-.-----.--.----

f04aq 2109 00 383 IXui,NELEM

2048 ADR = (IX=1)w7,

Poas CALL DPR (IPTR6,ADR,NN,1748,)

fear IF (SUMOW NE,@,0,AND NPRINT,NE,0) PRINT », ’NE*,NE, SUNQU‘, SUMOW

[T.LT IF (NSTEDY,EQ,®) GO Yo 248
c..--.-----.----I'--..-.-.-...........--..-.-.-.--.O..F LT X2 LY L L L] )
c FOR TRANSIENT CASE THE ASSOCIATEO HEAD VALUES ARE READ FROM DISK
[ T L T Y e R Y Y L T Y T Y Y T PR L P P T PP P Y T P Y T Y T X 7

Paag 00 232 lsg,NN

eese K = NOD(I)

2034 NRH & (Kel)/NMAXH

ees2 IF (NRH,EQ.,NRHH) GO To 222

ons3 ADRH » 20, +NRHw2,

2054 CALL DPR (IPTR89,ADRH,HEAD,S%2,)

0035 NRHH ® NRH

20Se 220 KK s KoNRHWNMAXH

0037 HEADD(T) = MEAD(KK)

2058 230 CONYINUE

2259 240 IF (NHEAD,EQ,0) GO TO 280
[ D e Y T e T T Ty T Ty Y=g
c ELEMENT HAS HELD POTENTIAL NODES
Crennsacecnounee 00 ceortee s o Nt s lins oo Ree PR s s ssNatsa TEsRNgRsOcsasY

0069 DO 270 Isy,NN

no6t NRQ = NOD(I)

0062 DD 269 Ksi,NBPTC

no63 KK & NODA(K)

064 IF (NRONE,KK) GO TQ 260

2pes BIvD » BIVIK]

2066 TY(I) =« BIVO

-1- 1.3 00 25@ Mmi,NN

068 230 ZY(MY u ZY(M)CI(M, 1) #BIVD

2069 G0 10 279

eaTn 260 CONTINUE

o074 27e0 COMTINUE

@972 280 00 378 lei,NN

2073 K s NOO(Y)

2074 DD 290 J=y,NPT

2ars IF (K NE,NODE(J)Y GO TO a9a

0076 G0 TO 300

sor? 292 CONTINLIE

2078 60 YO0 370

eare 300 PIJ s @,0
c TRANSIENY CASE « TERMS ASSOCIATED W]TH PREVIOUS TIME SYEPS
c CALFULATED AND BRQUGHT ON RIGHT HAD SINDE

oo8a IF (NSTEDY,.EQ,@) GO YD 320

8084 DO 310 Lwi,NN

a2 319 PIJ » PLJ+PPLIICLI,L)eHEADD(L)

2eas IYLL) = ZY(1)eP1y

2084 320 IF (NE,GT,999) GN To 332

o08s IF (NQ,EQ,1) GO TO 334

ansée IYCY) » ZY(X)*D(NE)&XIDLEM(T)
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BVALUELFTN

o8
2088
2289
2099
2094
ga92
2093
294
209s
209
ee9y
0098
ao99
2100
2101
a0
2103
2104
PL0s
2106
o107
2108
o129
o110
2111
o112
2113
2114
2119
Pile
o117
o118
o119
e12n
B124
o122
2123
2124
8125
2126
e12r
0128
a129
0130
0131
n132
0133
2133
2133
2136
2137
2138
0139
2140
01414
42

330
340

350
30
370

380

390
L1

410
420

430
440

450

460
are

a8
490

/TRIBLOCKS/WR

GO 0 (34a@,3%0,3%0), NQwWCP

IF (SUMOW,EQ,D,9) GO YO 360

IY(Y) & TY(I)=8UMQWAXIJCOB(])

GO 70 362

TYCY) = ZY(I)«SUMQ(IX)WXIJCOA(T)

B(J) = B(J)e2¥V(D)

CONTINUE

IF (NPRINT.GE,2,AND, IX.LT,6) PRINT w, 72Y ¢,(1,2Y(1),181,NN)
CONTINUE

IF (NPRINT,GE,2) WRITE (6,n) 8 APTER ELEMAT’
IF (NPRINT,GE,2) WRITE (6,48@) (B(I),1ni,NPT)
IF (NBFPTC,EQ,A) GO TO 428

DO 430 Isi,NBPFPTC

K = NODBF(I)

D0 390 Jei NPT

IF (X ,EQ,NODE(J)) GO TO 4@

CONTINUE

GO T0 a0

8(J) = B(J)*BIVF(])

CONTINUE

IF (NSTREM,EQ,Q) GO TO 472

CALL DPR (IPTR2,0,,XK,300,)

CALL DPR (IPTR7,12,,LENGTH,T768,)

CALIL DPR (IPTRY,18,,ELEV,1536,)

CALL DPR (IPTR89,28,,HEAD,%12,)

CALL OPR (IPTRY,00,,2,512,)

NMM & 9

00 460 Iwi,LNPT

IF (NFLUX(I),EQ,®) GO TO Q460

J s IDENT(I)

D0 430 Kui,NPT

IF (NODE(K) (EQ,J) GO TQ a4Q

CONTINUE

G0 YO aen

NM & (J=1)/NMAX

IF (NM_EQ NMM) GO TO a0

NMM & NM

ADR = NMa2,

CALL OPR (IPTRB9,ADR+29,,HEAD,512,)

CALL DPR (IPTRY,ADR+6Q,,Z,312,)

M 8 JeNMANMAX

HEAD(M) = HEAD(M)

IF (HEAD(M) (LE,ELEV(I)) GO 1O 460

OF w LENGTHCI)NZK (1) (HEAD(M)=ELEV(I))/(ELEV(I)eZ(M))
IF (OF,LE,@,3) GO TO 460

IF (NPRINT,GE,1) WRITE (6,%00) I,NEAD(M),ELEV(T),QF,LENGTH(L)
B(K) = B(K)=QF

CONTINUE

CALL DPW (IPTR1S,0,,8,4096,)

IF (NPRINT,GE . 2) WRITE (&6,510]) (A(1),18{,NPT)
NSRS o §

CALL DPW (IPTR18,8,,NPROG1,6,)

IF (NPRINT,NE,B) WRITE (2,4) "8 ESTIMATION DONE*
RETURN

FORMAT (12E10,3)

FNRMAT (8(14,G10,3))
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BYALUEFIN /TRIBLOCKS/WR

@143 500 FORMAT (¢ NODE’,15,°HEADS’,F10,2,’ ELEV,s’,F10,2,¢ QFe’,r10,2,’ L

+ENGTH?, 18)
2184 St10 FORMAT (4 B VALUES AFTER FLUX CONDITIONS CONSIDERED*/,120(12E10,3/

+17)
0145 END

PROGRAM SECTIONS

NAME SI17E ATTRIBUTES
SCODEY 2a4T12 1253 RwW, I,CON,LCL
SPOATA Ouaa27s 99 AwW,0,CON,LCL
- SIOATA 0QMO%44Q 178 RW,0,CON,LCL
SVARS 108572 17A53 RW,DyCON,LCL
STEMPS @aRER2 9 RW,0,CON,LCL
POINT  oQOQ42 17 RW,D,0VR,GAL
- TRACE  apop14a 6 RW,0,0VR,GBL
ELEMAT 0066328 1748 RW,D,0VR,GBL
KxYZ nat130 3na RW,D,0VR,G8L

TOTAL SPACE ALLOCATEN = 123646 214%9

LPIEBVALUE

-

v

v
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BACKSU,FTN /TRIBLOCKS/ WA

[ BACKSU,FTN
ey SURROUTINE BACKSY (NPRINT)
@on2 COMMON /POINT/tPTRL,1PTRQ,IPTRI,LPTRA,IPTRS,IPTRG,IPTRY,IPTREY ,
¢ IPTRLG,IPTRIL,IPTRI2,IPTRII,IPTRIQ,IPTRIS,IPTRLISG,IPTRLT,IPTRIS
-1,k ] COMMON/TRACE/NPROGY ,NPROG2,NBAND,NPROST,NPROGS,NSUBS
LY INCLUDE *HORGFTN’
2009 » COMMON/HDOR/LNPT ,NTT ,NBPYC ,NBFPTC,NSTREM, NPT NSELEM,NELEM,NODMAX,
" #NONZER,NQD)MATN,KTYPE ,NMAX ,NSTIF ,NTYIME,NSTORE,NDUM, TITLE(29),
" 40Dp1,nP2,0P3,0P4,0PS,NP6,DPT,0P89,0P10,0P)t,DP12,0P13,DP14,0P1S,
" #DP16,DP{7,0P18,NTSURF ,NESURF
8896 COMMON/UPPERT/7AA(2%6) NNCOL (252) ,NC,MAXCOL ,MINROW,NFAK]
epar COMMON/BSTORE/IPIVOT(768),I0PRON(TS8),COEF(T68)
oens DIMENSION B8(2248),8A(2048)
ese9 CALL OPR (IPTRi8,d,,NPROG1,6,)
o010 RMAXYX = 768,
an1y RECNRD » (2,
ap12 CALL DPR (IPTR1,08,,LNPT,92,)
oa13 CALL OPR (IPIR1S9,0,,0,4096,)
ant1a RALL = NTIME
ee1s RALL ® PALL*RMAXX#NSTQRE
f016 IF (NPRINT,GT,1) WRITE (6,%) " B ALL IN BACKSU’,BALL,*NS’,NSTORE,
#NT# ,NTTIME
ealy IF (NPRINT,GE,2) WRITE (6,#*) * B READ IN BACKSUB*,(B(I),X=i,NPT)
fela REANN & RMAXX
2P19 NTIMFE & NTIMEs+|
ggan DU 127 ITX=1,NTIME
fa2y AMNKE = BALL=(ITX=1)#RMAXX
an2? IF (AMORE (GT (RMAXX) AMORE s RMAXX
fPp23 ADR ® 16,+(ITx=l)«RECORD
o024 CALL OPR (IPTR19,ADR, IPIVIT,RMAXX®G,)
ea2s D0 11d INsi,AMORE
Qa6 M w [PIVOTUIN)
2027 MM & INPRUW(IN)
ar2a IF (M EQ,MM) GN TO 0@
2029 B(MM) s A(MM)eB(M)RCOEF (IN)
030 GQ YO 11@
2031} 100 A(MY) = H(M)/COEF(IN)

eel? 110 CONYINUE
7233 120 CONTINYE

2234 IF (NPRINT,GE,3) WRITE (6,%) "B APTER NPERA, IN RACK',(R(C1),Ing,NP
+T)

en3s NO 1S4 lsay, NPT

arle ADR ® (l=1)eY,

'R} 1] & NPT+im=]

f03a CALL DPR (IPTR13,ADR,AA,768,)

2039 RB = H(MINRQW)

a24n DO 149 Js{,NC

2041 NN = NNCOL (D)

7042 IF (NN EQ,MAXCAL) GU TO 1307

peay AB s BR-AA(NN)®AA(])

apda GO TN 140

204as 130 IJ =

Q04 140@ CONTINUE

fe4ay RA(MAXCOL) = AR

@apas 150 COMTINUE

2049 CALl DPd (LPTRIS, A, ,RA,4094,)
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BACKSU,FTN 7TRIBLOCKS/WR

20502 IF (NPRINT.EQ,2) WRITE (h,%) *B AFTER BACKSUB”,(B(T1),I=1,NPT)
apsSy NSRS = 6

LT CALL DPW (IPTR18,A,,NPROG1,6,)

0033 IF (NFRINT,NE.®) WRITE (2,%) *BACK 3UB QONE’

2054 RETUEN

20%8% END

PROGRAM SECTIUNS

NAME S17¢ ATTRIAYTES
SCODEY Q1620 456 RW,I1,CON,LCL
SPDATA 220370 A0 RW,ND,CON,LCL
SIDATA @N2vT4 3 AW, D, CON,LCL
SVARS PUPUSE AP1S Rw,0yCON,LCL
STEMPS 2220019 q RiWeNyCON,LCL
PDINY nyRnag2 17 RW,0,0VR,GRL
TRACE favae14 [ RW,D,0VR,GBL
HOR npReTY L1] RW,D,0VR,GAL
UPPERT on3aon 768 Rw,N,0VR,GAL
AITORE Nl140Ar 3072 RW,D)0VR,GARL

TOTAL SPACE ALLOCATEN = 0615443 12722

1 LPEIRBACKSY

s
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HWRITE,FTN

agay
2902

0003
rera
acas

aene
agny

auns
aene
o01m
a8ty
Qvs2
oe13
ee1a
ants
eele
fRLY
o148
2219
np2n
ae2y
ne22
2923
ee2s
2928
Q02e
ea2y
2228
g029
2a3n
fevy
o032
0033
2034
2a3S
0036
oa3r
2035
2039
a9
apay
(L}
Q2043
@44
22483
204p
2047
eoap
2049
orse

»> % %8

¢

100

1ie

120

139
149

152

/TRIALNCKI/WR

saan HWRITEFTIN

SURRDUTEINE HWRITE (NPRINT,IT,NDIG,DELTYAT,NCONS, TTIME,NWRITE,NSI1)

COMMOAN /PUINT/IPYR{,1PTR2,IPTR3, IPTRA,IPTRS,IPTRG,IPTRY, IPTREY ,
¢ IPTRIN,IPTR1YL,IPTR12,IPTRIZ, [PTRIQ,IPTRIS,IPTR16,IPTRIT,IPTRLS

COMMON/TRAGE/NPRDGY ,NPROG2,NBAND,NPRO3I,NPROGS,NSUBY

INCLUDF *HOR,FTN’

COMMNN/HNR/LNPT ,NTT,NBPTC ,NAFPTC,NSTREM,NPT ,NSELEM,NELEM,NODMAX,
#NONZER,NAD)MATN , KTYPE,NMAX ,NSTIF ,NTIME,NSTORE,NDUM, TITLE(20),
Iopl,nPa,DP!,DPa,nPS,OPb,0P7,DP09,DP10,DP1l;DPla.DPl!pDPld,DPISo
#OPL6,DP1T,0P18,NTSURF,NESURF

INGLUDE ?P3I,FTN*

COMMON/PST/NSTEDY, ITOTAL,NQWCP ,NQ,MNTRY,1TT,NHBOND,NFDUN,TT(70),
WOETATIL(27)

COMMAON /PRINT/NUG(2,1024)

NIMENSTON NQUE(2748) ,NUMBER (2560),2(256Q) ,HEAD(2560),A(2948)

EGUIVALENCE (NDDE(1),NUG(1,1))

cAaLL DPR (IPT“’!.G..N’“OG‘,G.’

CALL OPR (IPYRI'Q..LNPY.’“.)

CALL DPR (IPTR1,1,,NUMBER,2560,)

CALL PPR (IPTR1,17,,NDVE,2048,)

CALL DPR (IPTRY,n,,1,%122,)

CALL DPR (IPTR1S,@,,A,4298,)

1P (MSTEDY,NE,B) GO YO 110

IF (NPRINT,GT7,0) NPP = |

CALL DPR (1PTR14,0,,MEAD,NTT#2,)

DO 177 let,NPY

HEAD(NODE(L)) = A(I)

CALL UPW (TPTR14,20,,HEAD,NTT#2,)

IF (NPP,NE,B) WRITE (6,232)

GO 10 130

NPP & 0

IF (NPRINT,NE, @ AND NWRITE _ EQ,1) NPP n {

CALL DPR (IPTRA9,2a,,HEAD,5120,)

00 122 lai,NPY

K s NODEC(Y)

HEAD(K) s A{I)+HEAD(X)

CALL OPW (IPTRA9,20,,HEAD,5120,)

IF (NWRITELEQ,1) CALL OPW (IPTR14,17+20,,HEAD,9120,)

IF (NWRITELEQ,t AND NCONS,EQ,L) IT = ITef

IF- (NPP,EQ,A) GO TO 228

JF (NSTENY,EG,P) GO Ty 130

WRITE (6,240) IT,TTIME,DELTAT _

WRITE (2,%) °TINESTEP®,1T, ELAPSEQTIME?,TTIME
DO 140 T=1,2448
NODE(I) = O

NSN » @

D} 150 lag,NTT

N « MUMBER(I)

IF (N LT,100U2) NSN = NSNei

IF (N,LT,1442) NUG(1,NSN) o I

NUGB(2,NSN) & NUG(2,NSN)+t

WRITE (h,250) ,TITLE,DETAIL

NPAG = NIN/G

IREM 8 NYN=NPAG#G

IF (TREM,GT.M) NPAG ® NPAG+!

PRINT 270
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FORTRAN TVve=PLUS VR2=51N 16110255 13=8EP=79 PAGE 2

HWRITEFTN /TRIBLOCKS/HR

ensy NLINES & {9

ans2 ND 212 TPAGE] ,NPAG

20S3 I8 w (JPAG=1)#d+]

29Sg INUM = 4§

onss IF (IREM,GT,0,ANND IPAG,EQ,NPAG) INUM = [REM

056 TMX = MAX(NUG(2,I8),NUG(2,13+1),NUG(2,18+2),NUG(2,18+3))

onsy IF (NLINES+IMX,LE,ST) GO TO 170

2058 NLINES = 14

?0959 IF (IPAG,NE,1) PRINT 160

(417 ] 160 FORMAT (1H1)

2061 PRINT 25, VITLE,DETAIL

2062 PRIMNT 27Q@

o063 1re CONTINUE

1LY NLINES ® NLINES+TIMX+2

vess no 200 Jsi, IMX

20es DO (8@ leg,INUM

a6y ISPAC = 1+ (I=1)a33

2068 S8 » NUG(2,IS=1+]1)

0369 IF (J,nT7,1838) GO TO 18R

oo INOX » NUG(1)IS=1+])+Je}

eoTy PRINT 26Mm, NUMRER(CINNX),Z(INDX),HEAD(INDX)

#ar2 182 CONTINUE

”Q973 PRINT 190

?07a 190 FORMAT ({H )

aers 200 CONTINUE

2076 PRINT 270

e07? 210 CONTINIIFE

2078 IF (NSTEDY,EW,d) GO TO 220

2979 220 NSRS » 7

LY CALL OPW (IPTR18,3,,NPROGI,6,)

20AY RETURN

anaz e3e FORMAT (1H1/7,108X,°STEADY STATE SOLUTION’,//)

2083 240 FORMAT (1H1/7,1A%,°RESULTS OF HEAD ESTIMATIUN AT TIME STEPY,14,°
SELAPSEN TIME’,G512,4,° DELTATR?,G12,64//)

LY 250 FORMAT (//SX,20A43,//10X, aaaa//taat'-‘J //75,°NODE®,T12,*NEPTH’,T25
. 'NFAD'T!B,'NODE’,TMS,'DEPYN‘;YSG,‘H!AD‘Y’:,'NOOE‘.T?G.‘DEPYH’ 791
t,'NFAn‘T!BG,'NODF',Tili,'DEPYH‘,Yl?A,'HEAO 717128(’=*%)77)

Y.L} 260 FORMAT (IH®,<ISPACOX,1%,13,1X,611,4,1X,F11,<«NDIG»)

LLYS 1n FORMAT (/)

agAY END

PROGRAM SECTIONS

NAME SIzE ATTRIBUTES

SCODF1 @nN2284k 59% RW,1,CON,LCL

SPDATA PQADBTYS 3 RW, D, CON,LCL

SIDATA p@2634 276 RW,N,CON,LCL

SVARS 1328482 16912 RW,0,CON,LCL

STEMPS 020010 4q RW,D,C0N,LCL

POINT P LY LY 17 RW,0,0VR,GRL

TRACE ereeld 6 RW,D,0VR,GPL

HOR AAR2T4 94 RW,0,0VR,GAL

P3Y LELER L] 1838 RW,N,0VR,GRL

PRINT 210087 Pn4A RW,D,0VR,GAL

FORTRAN IV=PLUS VP2=S1D 16110135 13=8EP=T79 PAGE 3

HWRITE ,FTN /TRIRLOCKS/WR

TOTAL SPACE ALLOCATED s 116412 20101

LPISHWRITE
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9.6 OTHER SUPPORTIVE PROGRAMS, PROGRAM LISTINGS

FORTRAN IV-PLUS VA2e51D 16811118 13=3EP=79 PAGE 1
PILOTEL,FTN /TRIALOCKS/WR
¢ PLNTEL,FTN
c...-.-.--.---.-.--.-..---.-...------.-‘--.--.---.-.-.'.....-.-----.--.-
t MAIN TN PLOT THE NODES,BLEMENTS,L0G8S, AND NEAD

(11}
agm2
ages
0004
aens
00Re
a7
apoas
2009
2010
291}
2012
ent3
2014
fots
@01¢
a7
an1s
re19
2eeo
np2y
ag?

ag2y

PROGHAM

NAME

3COLEL
SPDATA
S$1DATA
SVARS

Comcee

100

SECTIO
81

fafgan
faace
raeete
27616

-...-...---.-.-..--...---.---.----..-.--.-..-..---...--.-.--...--.
RYTE INOQUT(T68)

NIMENSTON WT(768),TITLE(16),YD(2),XD(2),FILECT)

WRITE (2,%) "HEAD YO BE PLOTTED (1sYES,0@aN() +NPRINT’
READ (2,%) NHEAD,NPRINT

I1F (NHEAN,EQ41) CALL HREAD (WT,IMAX,BASE,TITLE,NPRINT,INOUT)
WRITE (2,%) PENTER PLOTTING DEVICE @eTG {sXY 28018k’
READ (2,%) IDEV

IFP (IDFV,EQ,@) CALL ASNLUN (3,°TG?,0,18TAT)

IF (IDEV,EW,1) CALL ASNLUN (S,’xY*,0,18TAT)

IF (IDEV.NE,2) GO TO 102

CALL ASNLUN (3,°0P%,0,18TAT)

WRYTE (2,«) PENTER PLOT FILE NAME'

READ (2,110) FILE

N s ICHR(FILE)

OPEN (UNTT®3,NAMEQFILE,TYPES*NEW’,FORME’UNFORMATTED?)
CALL PLOTS (9,,9,,¥)

CALL LINES (1,1,1,2,XD,Y0)

CALL NUMBER (X,YP,32INOD,AL,0,8,=1)

CALL SYMBOL (X,YP,,07,15,2,0,"1)

CALL PLMAIN (NHEAD,WT,NPRINT,INOUT)

sTap
FORMAT (20A4)
END
NS
lE ATTRIDBUTES
llM Rﬂ.l'CON.LCL
78 RW,0,CON,LCL
9 RW,0,CON,LCL
19914 Rw,0,CON,LCL

TOTAL SPACE ALLOCATED w 812716 2279

NO FPP INSTRUCTIONS GENERATED

'Lpl'pLQ‘EL
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FORTRAN TveP{1i8 VP2eSID 11841849 17=5EP=19 PAGE 1

PLMAIN FTY JIRSERLOCKRS/WR
o PLMATN FTIN
opey SUBRRPOUTINE PLMAAIN (NHEAD,HFAD,NPRINT,INOUT)

Qonreg
neny

apna

aensg
0006
eney
eQny
2909
ento

Aol
o012
s
214
Qe01s

o016
2017
ee18
2219

[T e T e P R AL DY P PR PP PR P L P L PR P PR Y I Y L L X T Y ]
TO PRQVIDFE MEAMS TD CHECK CORRECTNFSS NF INPUT DATA USED IN THREE=
DIMENSTONAL FORMULATION NF LARGE MULTTLAYERED GROUND WATFR SYSTEM
THTS PRUGRAM I8 NEVELNPEYD TO PLUT

NODF LOCATINNS

TW0 DIMENSINNAL SURFACE ELEMENTY

VFRTICAL LOGS AT EACH NOUF, DUTTED PART OF THE LOG REPRESENTS
LACATIUN NF RED IN SEA,

VARTIOUS HYDROLODGIC UNTTS ENCOUNTERED ARE MARKED RY HORJIZONTAL
TICK MARK AND INTEGER VALUES RETWEEN TICK MARKS I8 THE
INENTIFICATION NUMBER OF THE MATERIAL,

1
2
3

[z Bs Ealale Ne Xe e le Fa N R

fol L Y T e g ey o T N L T T )
RYTE INOQUT(768),TITLE
DIMENSYON XX(768),YY(768),NOD(16),INC14),MIXNOD(4),220(20),
+AMID(SANY , YMID(SRAA) ,NAME(50P) yHCC(2),LL(20),22(22),Y0(2),AC(2),
+ CONCEN(2R),FILE(7),XD(2) )HEAD(Y6B),LIST(400),L065T(420)
REAL NTNF32,NINER

COMMON /ROX/ XMIN,YMIM,XMAX,YMAX,SF,LO0GS,180,ZMAY,FACTZ,TITLE(8Q)

WRTTE (2,%) °PLOTCONTRULFILE’

READ (2,699) FILE

N s JCHR(FILE)

OPEM (IINIT®d NAMERFILE, TYPES ULD®,READONLY)

READ (8,690) FNAME
c-.--..--..----..-....-..--....------...-.-......-..-....--.---.-----..-
¢ THTS FILE 18 THE SAME AS USED FOR 3=D FINITE ELEMENT SOLUTION
[ Y L P Y P P P P L P Y L Y Y P P Y Y PR DY Y P L L L L L )

READ (8,69R) FILE

N s ICHRIFILE)

OPEN (UNTT8S,NAME=FILE, TYPE=’OLD?,READONLY)

READ (8,6990) 312£S

READ (a,%) NDEX,NELEMP,NDEL,SZNOD,SZELE,KELEM
[ L L L L L L Py s e L L Y P L Y Y Y T P L Y P P R T

FACYOR = CONVERSTON FACTOR IN ADNITION TO "XYCONV® FOR X= AND Y-
CQUORDIMATES,
FACTZ = CUNVERSION FACTOR IN ADNITION TO “2CONV" FOR VERTICAL
COORDINATES,
FACTUR AND FACTZ SHOULD BE ASSIGNED YO FIT THE PLOTTINGS ON
AVAILABLE DEVICES,
NELFMP s FLAG FOR PLOTTING THE ELEMENTS
s ® NQ ELEMENTS ARE P LNTTED,PROVIDED FOR CHECKING ONLY NQDE
LOCATIONS OR TO DEVELOP THE ELEMENTS,
m | PLOTS THE SURFACE ELEMENTS,
L0GS s FLAG FOR PLOTTING THE VERTICAL LOGS,
s @ NO LOGS ARE PLOTTED( MAY BE USED FOR CHECKING ELEMENTS
ONLY),
= | PLOTS VERTICAL LOGS,
T T P e P L L L P Y A R P L P Y P L L T Y P P Y Y P P P P R YL T Y
READ (4,690) FACT
READ (d,#) FACTOR,XXMIN, YYMIN
READ (4,69@) QOLOGS
READ (8,31P¥) LOGS,MSL,1S0,1S0U,FACTZ,ZMINUS,P3®, YIIP,LAYERP
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FORTRAN IVePLUS yN2=51N 11341149 17=5FPe]9 PAGE ¢
PLMATIN,,}TN

0?0
dnay
oaee
roz23y
g4
nees
20246
en27
0n2s
2229
0039
Pely
fo32
on33
2034
ne3s
ae3e6
fasY
eo3a
a3y
fpag
(L B
eaa
ega3
7044
Qpas
204
enay
aQ4s
aga9
eeso
on%y
00ase
2053
eass
205%
oeSe
nes?
0S8
e0s9
eoée

006t
op62
2063
2064
aoes
onee
0067
oess

0269
00T

oery

eav2
o073

140

110

120

139

142
158
168

189

190

192

JYRIBLOCKS/WR

FORMAT (A4[5,4E14,3,15)

1F (YUP,EQ,?) YYP = 1,5

READ (4,694) FPEMS

REAN (a,%) NPEN§,NPEN2,NPENT

READ (4,69%) SUAN

READ (4,75A) LSURDNSEGM,NTDTAL,NULDGS
IF (LSUBD,EQ,R) RO YO 1390

1F (NTOTAL.EQ,2) GO TO §10

READ (a@,») {(LISTCI), I}, NTOTAL)

TF (NSEGM,EQ,@) GO TO 130

N0 122 [w],NSERM

READ (4,%) NSTARY,NSTOP, INC

DO 129 JeNSTARY NSTHP, INC

NTOTAL & NTOTAL#Y

LISTINTOYAL) = )

TE (NOLUBSEQ, @) GO YO 160

READ (8,6902) DUMMY

READ (a,%) NSEGM,NNLOGS

IF (NNLOGS NE,®) READ (4,*) (LOGSTC(1),I=),NNLOGS)
1F (INSEGM,EQ,B8) GO YD 160

N0 1S9 Is§,NSEGM

REAND (Q,%) NSTARY NSTOP,INC

NO §4@ JsNSTARY,NS8YDP, INC

NNLNGS » NNLOGS+{

LOGST(NNLOGS) =

CONTINUE

SILNG = SINOD#A,S

FACTY = FACTUR

IF ¢190,E2,@) GO TO 172

IF (P3A,EQ,2,P) P30 » 3,10/6,

cosP3R = COS(PIM)

SINPYIR = SIN(P3A)

IF (1SNU,EQ,1) FACTY ® FACTORwYYP
FIVER &= 5./0.

CALL NFWPEN (NPEN2)

NINES2 =& 9,732,

XMIN ® 1Q040,

YMIN & 1QaV2,

READ (S,6R5) TITLE

READ (%,700) NIELEV,KTYPE,PERCON,XYCONV,ZCONV,HCONV,NSEA
1F (NPRINT,NE,A) PRINT 7008, NZELEV,XTYPE,PERCUN,XYCONV,2CONV,HCONV
AFLELY)

IF (XYCONV,EQ,8,) XYCONV & |,

READ (5,71Q) NSEC

1F (NPRINT,NE, @) PRINY 782, NSEC

1F [NSEC,NE,B) GO TD 1942

READ (S,7304) DUMMY

G} 1D 1839

READ (S5,720) NSEC,K,X,Y ATT,BEQ,NBA,LMAX, (LLCJ),22(J),J=1,LMAX)
IF (NPRINT NE, Q) PRINT 7208, NSEC,K,X,Y,WTT,RBED,NBB,LMAX, (LLCJ),Z2(
+J),Jel,LMAN)

IFINZELEV,ER,1)GN TD 198

I8yM = AP

DO 192 J = 2,LMAX

28U 8 Z28UM = 77(J1=q)

2203) = 28UM
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FORTRAN IV=PLUS VAR2=S1N 11141849 17-8EP=79 PAGE 3
PLMATNGFTH /TRIALOCKS/WR

eerq It1) = o, @

02rs 198 IF (NSEC,NE,R) Gn TO 352
2076 IF (XTYPE_EQ,2) READ (S5,730) (CONCEN(J),Jst,LMAX)
enry IF (LSUBRN,EQ,®) GO TOD 230
2078 IF (LSUBD,GT,P) GO TO 249
0079 DO 29@ Iy ,NTOTAL

1.1 1} IF (K ,EG,LIST(I)) GO TO 190
208 200 CONTINUE

a082 GO 70 23nm

0083 21@ 00 220 Isg,NTOTAL

epdyq TF (X,FU,LIST(1)) GO YU 230
o2nes 222 CONTINUE

eade G0 YO 192

?e87 230 IF (NPRINT,NE,P) PRINT &, *NODE’,K
1LY} CALL NFWPEN (NPEN2)

2089 IF (LOGS,EQ,A) GO TO 272
2090 LYES = 1|

294 IF (NNLDGS,EQ,A) GO Y0 %2
0992 00 240 lai,NNL OGS

P93 IF (K, NE,LDGST(1)) GO TO 2484
2294 LYES = @

o099 G v0 212

#0296 200  CONTINUE
209y 252  IF(MSL,.EN,Q)GO TO 238

re9s no 282 J w2 , LMAX

2293 252 1ID(I) 8 Z2(J) = I2(J3=1)
Q100 I0(1) s 2,0

g1a1 12(1) = 2,2

102 No 254 J = 2,LMAY

2103 254 T1(J) ® ZZ0(J)oFACTZ+I2(JeY)
ot04 GO 10 270

Q129 258 0D 260 Jei,LMAX

2126 269 22¢1) = (ZI(J)=IMINYS)2FACTZaICONYV

o107 2719 IF (NPRINT,NE,O) PRINT 280, K,X,Y,LMAX, (LLCJ),22CJ),0n1,LMAX)

2198 28 FORMAT (* K?,14,° X*,G10,3,* Y*,G12,3,* LMAX®,13,°LL*22¢,/10(15,F7

'. 1, )

eya9 X » (XeXXMIN)#XYCONVAFACTOR

2110 ¥ » (YeYYMINYXXYCONYRPACTY

2111 IF (NPQINT.NE,@) WRITE (2,%) *K,N,Y?,K,X,Y

01te 1F (1SN,E0.2.0R,180,EQ,2) GO 10 29@

n11y X 8 COSP3AN(X=Y)

o114 Y B SINPIOa(XeY)

2118 2997 NTT & NTT+}

21ie XX(K) w X

2117 YY(K) n V¥

2118 IF (XMAX LT, X) XMAX ® X

2119 IF (YMAX LT,Y) YMAX = ¥

o120 IF (XMIN,GT X) XMIN w X

212t IF (YMIN,GT,Y) YMIN =8 ¥

0122 IF (LOGS.EN,U NR,LYES,EQ,B) GU YO 338

e123 CALL PLOT (XX(K),YY(K),5)

2124 IF (72¢1),EQ,2,0) GO TO 329

2125 Yne2) o YY(K)®22(1)
C-.------------....---.----..-.-..--Q---.--------------------.----.-.----
c INCLUDE OPTION FNR SLANTING LUGS

[ T T R e e L T e Y L Y Y P P I L L L A e R L LR L ]
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FORTRAN IV=PLUS VA2=51N 11181149 17=83EP=79 PAGE 4
PLMAINFTN /TRIBLOCKS/WR

012 YD(1) = YY(K)

o127 XD(1) = xxix)

o128 X0(2) = XX(K)

8129 CALL LINES (1,1,1,2,%0,Y0)

0130 TF (2203),6T,2,@) CALL PLOT (XX(K),YY(K),3)
o134 a8 YDE1) & YY(K)SZT(LMAX)

0132 CALL PLOT (XX(X),YD(1),2)

2133 X = XX(K)

0134 Y 8 YY(K)

013% XP » X+ ,055

0136 IDIF ® (Z2(1)=22(LMAX))

oy JP (ZMAX,LTLIDIF) IMAX ® IDIF
0138 DO 320 Lest,LMAX

2139 LK » LMAX$lwl

0140 YP ®» Ye22(LN)

2141 CALL SYMBOL (x,YP,,07,1%,3,0,=1)
0142 IF (LK ,NF,1Y GO YO 312

2143 1F (NDEX,EQ,9) GD To 322

2144 X s X+,

2145 AL = K

@14¢ IF (ZZCLMAX) LY, 2,0) YP s Y

214y CALL NUMAER (X,YP,8INOD,AL,0,0,e1)
2148 GD TO 320

g149 319 IF C(LAYERP,EQ.,®) GO TO 320

e1%0 Ld & LLILK) /710D

2151 AL s LY

2152 YP » YPe S5u(Z22(LX)eZZ(LK=1))
2193 CALL NUMAER (xP,YP,872L06,ALJ,2,0,~1)
0154 320 CONTINYE

215s GO 10 190

21%6 332 X = XX(X)

9157 Y » YY(K)

0158 IF (NOEX,ER,3,AND NHEAD,EQ,P) 0 TO 194
nlsq C‘LL JYMADL (llypgo"lpaonl-‘)
ot1en IF (NDEX,EQ,¥8) GO Tn 34@

o161 AL 8 K

#8162 X » X+,PS

2163 CALL NUMBER (X,Y,SINON,AL,0,A,)=1)
2164 340 IF (NHEAD,EQ,®) 60 10 199

a16s IF CINQUT(X)EB,@) GO TO 19@

a166 AL = HEAD(X)

o167 X2 » XeSINDOW3

2168 TF (NDEX,EQ.,2) %2 s Xx(K)

0169 Y = YY(K)

2170 CALL NEWPEN (NPEN3)

2174 CALL NUMBER (X2,Y,8INOD,AL,P,2,1)
o172 GO TD 190

2173 359 IF (NELEMP,EQ,P) GO YO 688
174 369 READ (S5,71%) NSEC

2178 1F (NSEC,EQ,9Q) GO TO 362

2176 IF (NSFC.ER,3,0R ,NSEC,EQ,Q) GO TN 382
o177 IF (NSEC,EB,6) GO TD 680

2178 no 460 1Est,l2200

2179 CALL NEWPEN (NPENL)

3180 X = 3,92

2181 Y » A0
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FORTRAN TvePLUS V@2=S5{N 11181149 17=8FP=T9 PAGE 5
PLMAINGF TN JTRIBLOCAS/ZWR

a182 DO 370 Jeui,1s

2183 379 NOD(J) ¢ 2

o184 READ (%,780) NSEG,NE,NL1 NN, (NOD{J),Jm=1,NN)
2189 IP (NPRINT,NE,@A) PRINT 74®, NSEC,NE,NL,NN, (NDD(J),Ju],NN)
0186 1F (NSEC,NE,Q) GO YO 470

o187 IF (N1 ,ED,A) REAND (5,750) (MIXNDN(J),J91,4)
0168 1P (XKELEM,EQ,1) READ (5,38A) Xk,VK,ZK,SC
0189 380 FORMAT (8F10,0)

21992 IF (LSUBD,E3,2) GO TN 432

Q194 NC a2a Is§,NN

2192 JJ = NOU(D)

?193 1F (LSUBN,GT,8) GO TO 420

f19a DO 390 Jei,NTOTAL

2195 IF (JJ EQ,LIST(J)) GO TO 662

2196 3193 CONTINUE

2197 GL TO alo

a198 a0 DO 413 Jst,NTOTAL

2199 IF (JJEQ.LISTCIYY GO YO 42

o2ma 819 CONTINUE

2221 GO TN 6682

0202 623 CONTINUE
2203 439 J =1

82na INCI) s NDO(Y)

2205 IF (NND(9),EQ,®) GO TO 440

2208 J s Jet

27 INTJ) = NOD(9)

naes aan IF (NOD(S),.EQA. @) GO TO 452

@299 J » Jey

219 INCJ) 8 NOD(S)

[ F3B] a%2 IF (NON(10),EQ.B) GO TO 4s@
g212 J e Jet

0213 INCJ) » NODI(1O)

p214 460 J = Jey

2e1s INCI)Y = NOD(2)

2216 IF (NOD(15),EQ,2) GO YO a7@
p217 J = Jet

0218 INCI) = NOD(1LS)

2219 are IF (NOD(A),EQ,P) GD TO 482

Q229 J 8 Jeo

02214 INCI) = NOD(S)

p222 449 1F. (NOD(16),EQA,Q) GO TO a9n
a22% J u Jet

0224 INEJ) 8 NODC(1G)

p2es 492 J = Jet ’

@22¢ INET) = HOD(S)

naay IF (NON(12) 63,7 GU TU S2¢m
02248 J o= Jet -

9229 INCSY s NOD(12)

n2in 500 1IF (NOD(&),EG,2) GO TO 512

paiy J s Je

2232 IN(I) = NOD(S)

P23y 510 IF (NOND(11) EQ,A) GO 10 %22
0234 J u Jet

2238 INCJ) = NOD(IL)

2236 S20 J o Jay

nasy INCI) = NODC4)
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FORTRAN IvePLUS V0A2=51D 11741849 17=83EP=79 PAGE 6
PLMAINGFTN /TRIRLOCKS/WR

0233 tF (NOD(14),€EQ,2) GO T0 S3
2239 J = Jet

9249 INC)) = NOD(14)

2241 539 IF (NDD(7),EW,Q) RO YO S47
g2a2 J u Jet

0243 INCJY » NOU(T)

g24a 240 IF (NOD(13),ER,@) 60 TO 859
2248 J = Je1

a24as INCJ) s NOD(LD)

LFLR 550 LASY = J

2244 J = IN(LASY)

@249 CALL PLOT (XX(J),YY(1),3)
v2se DN 560 1s1,LAST

22%1 J « INC(I)

82%2 CALL PLOT (XXC(J),YY(J).2)
029%3 S60 CONTINUE

22%4 IF (NDELL.EQ.Q) GO TO 660
22%% X e 0,0

9256 Y s 2,0

eesy DO 694 Jefi,NN

22%5a K = NON(Y)

22%9 IF (K, EN,Q) GO TOD 650

[ L1 tF (1,61,8) GO YO 6209

gasy BETA = Q4,0

2262 MMM ® Ni

2263 IF (N1 ,NE,@) GO 7O 97@ .
2264 MCONE e« MIXNDOC(I)

226% MCC(1) s MCODE/{0D

0266 MCC(2) ® MCOOE/10aMCC(1) 210
2267 519 DO 810 LTs1,2

LY IF (N§,EN,B) MMM & MCC(LT)
0269 GO TO (580,592,600), MMM
@272 580 RETA = BETA+9,S

22714 60 70 619

0272 %90 BEYA s HETA=0,S

o273 GO 10 619

2274 5008 BETA = BETAF]VES
027s 610 CONTINUE

227e FACT « BETA%0,25

@217 60 10 K40

2275 620 IF (I,.GV,8) GO Tn 630
2279 FACT ® 0,5

e28n 6D TO e4n

2284 630 FACY = NINE3R2
2282 6an IF (K LE,B,0R,K,6T,608) PRINT #, ’K*,K,IE,(NOD(J),Jul,NN)
283 X = XexX(K)eFACY

2284 Y » veyY(K)aFACY

2285 659 CUNTINUE

028y CALL NEWPEN (NPEN3)

2287 AJ] = NE

Q288 X u Xe _{%

0289 1F (NE,5T,9) X » xe,28

na9an IF (NE,GT,183) X » X= 075

9291 CALL NUMRER (X,Y,STELE,AJ,0,7,=1)

P92 LX) CONTINUE
0293 67 NELFM o [E=]
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PLMATIN,FTN JTRIRLOCKS/ WP

0294 IF (NPRINT,NE,®) PRINT #, NELEM,*TOTAL ELEMENTS’
229% 680  CALL NEWPEN (NPEN2)

2296 SF » FACTOR

2297 CALL QUTREX

0298 CALL PLOTND

2299 sTnp

2329 689 FORMAT (804A}1)

e30y 698  FNRAMAT (2044)

2302 Te®  FORMAT (219,4F10,7,15)

2323 110 FORMAT (11)

0304 720 FORMAY (11,14,8F10,2,318,/9(6(F8,1,15)7))
9309% 732  FORMAT (16FS5,9)

9306 7038  FORMATY (11,14,151%/1619)

a3o7r 750 FORMAT (1619)

e3ea END

PROGRAM SECTTONS

NAME S12€ ATTRIBUTES
SCODEL 2038 2875 RW,1,CON,LCL
SPDATA  QMA1S6 59 RW,D¢CON,LCL
$IDATA 4pASS®  18Q RW,04CON,LCL
SYARS 032142 6708 RW,0,CON,LCL
STEMPS ADRN16 7 RwW,0,CON,LCL
BOX PAR168 sS4 RW,D,0VR,GBL

TOTAL SPACE ALLOCATED w 245328 9378

9-79

PAGE 7



FORTRAN ITVsPLUS V72«51D 11142131 17-SEPe79 PAGE 8
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LR

geae
2003

enay

2eas
Aane
soey
oons
ean9y
goto
eas 4
es12
9913
7214
ae1s
@016
a0ty
o018
2019
0g2n
eQ2y
922
aves
oed4
eoes
2026
ea2y
ones
po29
gelp
eo3q
20%2
ee3s
0034
on3s

2036
eoes?
o238
on39

2049

SURROUTINE OUTRAY

c.-------..-----..-.-..O.-.-.------'-.--..-.----..-..--.-..-.--q--------

c ROUTINE YO DRAW & BOX AROUND THE PLOT { INCH WIDER QN EACH SI0E,
c ) INCH AROVE THE TOP AND 2 INCHES BELAW THE BOTTOM, WITH LABELS
» AND SCALEF,
[ L L L T ey Ty P Y Y T P Y L Y P T T P P P P P Y P P Y Y Y L L)
BYTE ITITLE
c
REAL LTRSIZ
[
COMMON ZROX/XMIN, YMIN, XMAX,YMAX, SF,LQGS, 180, ZMAX,FACTZ, ITITLE(30)
(esncmcvsarrenentcsnnsnetoratsucnertreenrerooenNeenreroonnebrcsawdsanpene
c REQUEST PLOT TITLE,

c..‘ LA X P P Y L L Xy E Y I XL A A R LERELYLELELYEEEYEEL LKLY XY R L4 X F L N L L L 4 2 X J
LTRSIZ » 7,14
WRITE (2,w) “SELECT TITLE OPTION® _
WRYTE (2,2) *3 ® NO TITLE, 1 = USE PREV,TITLE, 2 s NEW TITLE,*
READ (2,120) IANSR
190 FORMAT (11)
IF (IANSR LEQ, Q) GO 70 125
IF (TANSR,NEL2) GO TOD 120
109 WRYTE (2,%) PENTER PLOT TITLE’
REAN (2,110) ITITLE
1o FORMAT (80Al)
12 CONTINUE
HITE » LTRSIZ » 6,0 /7 7,0
XSPACE 3 (XMAX ¢ 1,0) « (XMIN = 1,0)
TSPACE = XSPACE « 2,7
TEMP s TSPACE / HITE
MAXCHR = TEMP
NNN 8 TCHR(ITITLE) = 1|
ANN ® NNN
IF (NNN LE, MAXCHNR) GO 10 12%
XAODN ® (NNN = MAXCHR) % HITE
XOTFD2 = xAQD /7 2,0
WRITE (2,121) MAXCHR
124 FORMAT (° TITLE 700 LONG » LIMYIT IS *,13,* CHARS,*)
WATITE (2,99) LTRSIZ
99 FORMAT ( * LETTER SIZE I8 * ,Fb,3)
WRITE (2,%) * SELECT OPTION = § = INCREASE BOX 812€,°
WRITE (2,») * 2 & ENTER NEW TITLE °*
WRITE (2,%) ¢ 3 = DECREASE LETYER SI2E°’
REAN (2,%) 1ANSR?
GO TN (122,10%,123) , IANSR2
122 CONTINUE
C.‘-.-.---.-----.--...-.--.--.---..--.-.-.---..-.--.-....-.--..'----.'--
c INCREASE BOX FNR LONG TITLE,
r:----‘-----.---.-.-....-.-....-----....-.-.-..---.--------..-.-.-.-----.
XMIN = XMIN « XDIFD?2
XMAY & XMAX ¢ XDIFDR
60 10 1298
123 CONTINUE
c—-..---.-.--.-.---......-.--.----.---..--.-.--.----.----..--.-.--...---
[o NECREASE TITLE LETTER S1ZE

[ R R L L L L L LT T T e e R T T T Y LTI T T

WRTTE (2,#) ° ENTER NEw LETTVTEHR SIZE FOR TITLE,’
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PLMAIN,FTN /TRIBLOCKS/WR

204y READ (2,#) LIRSIZ

opa2 60 TN 127
(o T T R R T R e L T Y P T PP YT Y PR P L Y Y L L)
c NRAW QUTER ROX ARQUND PLOT,
[ T T T L L T T T T P P T Y Y T Y ¥ )

oQa} 125 LONTINJE

%044q XMIN ® XMINej,

004S YMIN ® YMIN=2,

304e IF (LDGS,EQ41) YMIN ® YMIN=ZMAY

2947 IF (1SN,EN.@) YMIN = YMINGQ

ae4aa CALL PLOT (XMIN,YMIN,3)

2049 YMAY ® YMAX®L,

2250 CALL PLOTY (XMIN,YMAX,2)

205y XMAY ® XMAX®Q,

angse CALL PLOT (XMAX,YMAX,2])

0233 CALL PLOT (XMAX,YMIN,?2)

opSa CALL PLOT (XMIN,YMIN,2)

205S CALL PLOT (B4,2,,3)

20%6 AMAP2 8 YMAX

onsy YMNM2 » YMIN
c..---.-‘---—--.----.....--.--.--.----.-...-...-..-.-------.-.-..--.--.-
o DRAW LARELS,
C-.-.-.--..-.----..-.-.---....--....----..--.---.------.--.-------.----.

PS5k 1F (1ANSR,EQ W) 130 TO 133

22%9 NNM 8 TCHR2(ITITLE)

29sa IF (NNN,LE,1) GO TQ 139

- ho6t CALL SYMAOL (XMIN+O,2,YMING® 4, TRSIZ,ITITLE,Q,3,NNN)

LY 130 CONTINUE
c------.----.-..-..'---..--..---.----.---.--.---..-.----....----‘..----.
C DRAW SCALE 2 INCHES LUNG,
c-...---..-..-.-.....-.-...---..-..--.-.’....-.-..---------..---..-.-—.-

enss CALL 8YMBOL (axMXP2mi,5,YMIN+]1,7,0,1,°3CALE’,7%,7,9)

1. 1Y ] Fpz s n,0

006S FP3 » 1 a/8F

2obe FF82 = 2aFPS

Qo6 YIPSS ® {,55¢YMIN

026n YIPS & ] ,S+YMIN

2069 YiPa = | G+YHIN

gere NDYG = =i

2071 IF(FPS LT, 1B,INDIG 0 2

eor2 IF(FPS,LT,{,INDIG = 3

2073 IF(FPI LT,e1INDIG » &

274 CALL NUMRER (XMXP2w2,4,YIP55,0,1,FPZ,0,0,1)

2B75 CALL PLOT (XMXPRe2,4,Y1PS,3)

2076 CALL PLOT (XMXP2=2,4,Y1P4,2)

ear? CALL PLUOT (XMXPRe1,4,Y1P4,2)

oaTs CAlLLL PLUT (xXMxP2e1,4,Y1P5,2)

pATY CALL NUMRER (XMXP2=1,49%,Y1P55,@,1,FP$,n,@,NDIG)

op8Q CALL PLOT (XMxP2=1{,4,Y1P4,})

2081 CALL PLOY (XMxP2aB,4,Y1P4,2)

LT CALL PLUT (XMxPRed,4,Y1PS,2)

2083 CALL NUMBER (XMXP2~0,%,Y1PS5,A,1,FPS2,0,8,NDIG)

2084 IF (FACT? LLE, ®) RETURN

o 7 P VNP IS PP

c DRAW VERTYICAL SCALE 2 INCHES LOMG,
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c-.---...---.-..0-..----..-.-.--.--.--..--..--.-..-.-.-..-’-....------.-

epas CALL SYMROL (XMXP2e] ,75,YMIN®1,04,08,1,°VERT, SCALE?,B,m,11)
I.1YY PPl = 2,2

3087 FPs = {,0/FACT2

a088 FPS2> » 2#FP3

@089 YPR9 & A, A9+YMIN

ee9a YPBG = A ,B84+YMIN

0091 YPT4 = @, T3¢YMIN

eQ92 NDIG & =f

2093 IF(FPS LT, 10,)NOIG » 2

00943 IF(FPS, LT 1,INDIG » 3

2099 TF(FPS,LT,,1INDIG = &

2098 CAL| NIMRER (xMxPw2,4,YP39,0.,1,FP2,0,8,!)
209y CALL PLOT (XMXP2w2,4,YP84,3)

o098 CALL PLOT (xMyP2e2,4,YPT4,2)

2999 CALL PLOT (XMXxP2e],a,YP?4,2)

2100 CALL PLOT (XMXPR=§,8,YP84,2)

CFLTY CALL NUMBER (xMxP2=1,4%,YP89,2,1,FPS,0,A,NDIG)
eLee CALL PLOY (XMXxP2ei1,d,YP14,3)

o103 CALL PLOT (XMXPR2eQ,4,YPT74,2)

2104 CALL PLOT (xMxP2=0,4,YPB4,R)

2105 CALL NUMRER (xMXP2=Q,9,YP89,8,1,FP32,3,0,ND]IG)
a106 RETUYRN

0197 FND

PROGRAM SECTIONS

NAME SI1ZE ATTRIBUTES
SCODEY @2aras 747 RW,I,CON,LCL
$PDATA QYOS32 173 Rw,D,CaN,LCL
SINDATA MPBSQR 161 RW,DsCONyLCL
SVARS ANAL26 43 RW,0,CON,LCL
STEMPS 00BQR24 10 Rw,D,CON,LCL
BOX "AA160 S6 RW,Dy0VR,GRL

TOTAL SPACE ALLOCATED = 904518 1490

DPRIPLMAIN, | PisPLMAIN
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FORTRAN Iv=PLUS vP2«510 16812182 13=3EP=T79 PAGE 1
HREADPL ,FTN

"L
oge2
28013

e0as
oaes
anng
eear
agns
L]
onila
2011
an12
a013
0214
ants
an1e
aetry
nn18
ea19
apea
2021
ea22
onas
aaz24
ae2as
oels
a927
nees
@029
onla
234
0a3e
2633
20a3a
283
anle
2037
038
fnl9
@adp
[ 1.L3
aea2
@p43
nedq
f04as
ande

c

109

110
129

1309
148
1502
te@

/TRIRLNCKS/WR

HREADPL (FTN
SURRNUYTINE HREAD (WT,ZMAX,BASE, TITLE,NPRINT, INOUT)

BYTE INDUT(T68)

DIMENSTON HEAD(2560),NUMBER(2563), TDENT(T68),WT(768),FILE(T),

+TITLE(16),0ETAIL(2Q)

WRITE (2,%) "NAME OF BINARY FILE HAVING HEAD DATA’

READ (2,14B) FILE i

WRITE (2,%) "MATH#( REGIONAL TUP QR BROTTOM = 0)*

WRTTE (2,%) ONTOP (@ ®» YOP AND { ® ROTTOM) OF SELECTED MATH’
READ (2,%) NMAT,NTOP

N = ICHR(FILE)

OPEN (UN!Y'I,NAM!IFILEpTV?!I'ULD‘.FDRMI‘UNFORHATTED'olEAODNLY)
READ (1) (DETATLCI),1s1,28),LNPT,(IOENT(1),2%1,LNPT)
READ (1) NTY, (NUMBER(I),HEAD(L),Isy,NTT)

WRITE (2,183) DETAIL

CLOSE (UNIT={)

1F (NPRINT,GE,1) PRINT 153, LNPT, (IDENT(I),Is],LNPT)

1F (NPRINT,GE,1) PRINT 160, (NUMBER(1),HEAD(I),Is1,NTT)
RASE = | ,DELQ

IMAX & =1 ,QE10

N0 M3 Isy, NPT

wWT(y) =« 0,0

ND 129 Isy1,LNPY

N s IDENT(I)

IF (N,EQ,8) GO TO 129

NN s Ne2A

IF (MPRINT,GE,1) WRITE (2,%) °*Na’,N,7LNPT=’,LNPT

00 t1@ LeN,NN

ND = NUMBER(L)

LLL ® ND/1ROR

NSUR s MOD(NU,10008)

TF (NSUR_NE,I) 6O TO 129

IF (LLL<LT.NMAT) GO TO 117

IF (LLL,EQ,NMAT) INQUT(I) = 1

WT(I) = HEAD(L)

TIF (NTOPEQ, @ AND NMAT(NE,B) WT(1) » HEAD(L<1)

IF (NPRINT,EW,2) PRINT 133, I,NMUMBERC(L),HEAD(L)

IF (BASE,GT,WT(])) BASE a WT(I)

IF (ZMAXLTWTIIY) ZMAX s HT(1)

GO YO 129

CONTINNE

CONTINUE

RETURN

FORMAT (* SURFACE NODE’,13,” NOOF SELECTED’,I5,° HEAD’,G1@,3)
FORMAT (2044)

FORMAT (”* LNPTe?,19/200(2015/))

FORMAT (* HEAD VALUES READ FRUM DISK®/,200(8(1%,610,3)/))
FND

PROGRAM SECTIONS

NAME SIZE ATTRIHUTES

SCon€y @a17e2 LD AW, I,CON,LCL

$SPDATA  pa@214 19 RW,DyCNAN,LCL

FORTRAN IVePLUS VRA2=S1D 16112152 13+SEP~T79 PAGE 2
HREAOPL ,FTN /TIRIALOCKI/ WA

SIDATA (20329 9% RwW,D,CON,LCL

SVARS P41202 B8S13 RW,D,CON,LCL

STEMPS 0Q@n024 2 RW,DyCONyLCL

TOTAL SPACE ALLOCATED w B43624 9162

WLPISHREADP,
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GRIDIT,.FIN

LI 1))
8ga2

cemy
(L1
oS
"Ane
peay
(I L
o009
219
a1y
o012
f01s
@14
2815
216
oa1y
2018
2219
op2e
fQ2y
aga2e
Q023
2024
2329
ee2e
ov2y
geaa
2029
o030
203y
2932

s 23Xz s R Ra s Re N NaNe Fe Ee Ne R Re N Ee Mo Ny Ny

109

124

/TRIRLOCKS/WR

GRINIT,FTN

LI I T Y T Y Y YT T Y Y Y P YL DY DAL T L DR S LR L S DL R L R L L L L]

THIS PROGRAM USES THE INPYT DECK OF THREE-DIMENSIONAL FINITE ELEME
GRO!ND WATER MODEL, FOR ESTIMATION OF LOCAL CONRDINATES OF EACH GR
POINT,

FOR A GIVEN PROALEM, THIS PROGRAM IS EXECUTEN NDNLY ONCE, USING TWE
BINARY OUTPUT FILE OF THIS , GRINW,GRIDY AND GRIDIN PROGRAMS
ESTIMATE THE GRID VALUES OF YHE PARAMETER OF INTEREST,

USTNG APPROPRIATE VALUE OF "FACTOR" Y0 CONVERT CDORDINATES TO
PLOTTING QEVICE USER CAN DEVELOP DIFFERENT INTENSITY OF GRID

THE PRNDUCT GF X» AND Yo GRINS SHOULD BE LESS THAN 6737,

IMPNRTANT TO NOTE THAT THIS PRNOGRAM CAN HANDLE ONLY LINEAR
ELEMENTYS,IF THE GIVEN PROBLEM HAS BEEN DISCRITIZED IN TO HIGHER OR
QR MIXED ORDER ELEMENTS, USING THE NODE LOCATIONS QF THE MODEL
THE GIVEN REGION NF INTEREST HAS TO BE REDEFINED BY LINEAR ELEMENT
ALL OTHER INFORMATION CAN BE LEFY IN THE SAME FORM,

BYTE FILE(4Q)

DIMENSTON X(768),Y(768),N00D(8),XR(a),Y0(a),HH(4),CONCEN(2D),
*LLC2A)Y,Z2(29),8CC(800),ETT(402),L18T7(and),LNODES(768),
¢ NXY(6MA), NYY(6@Q) ,2(768),NUMBER(T768),FML(1M)

FORMAT (80RA1L)

WRITE (2,0) °CONTROL FILE WITHOUT "EXT® PROG ATTACHES "GRD"*

READ (2,10@) FILE

N o ICHR(FILE)

N » N#f{

FILE(N) = *,°

FILE(N+1) ® *G*

FILE(N®2) u ?p?

FILE(N®3) = *D¢

OPFN (UNITS4,NAMESFILE,TYPER"OLD?,READONLY)

FILE(N®3) = °Q¢

NPEN (IINTT®3,NAMERFILE, FORME*UNFORMATTED")

FILE(N®LY = PN¢

FILE(N+2) 8 ‘0°

FILE(N®3) e *D°

OPEN (UNITEL,NAMESFILE,TYPES”NEW’,FORMS*UNFORMATTED?)

REAN (4,1004) FINPYT

READ (4,149) FILE

N = TCHR(FILE)

OPEM (LUINITSS,NAMESFILE,TYPE='OLD’,READONLY)

READ (4,%) LSUAD,LSEGM,NTOTAL

IF (LSUBN,ER,A) GU TO 130

IF (NTOTAL,EWQ,®) GO TO 112

REAN (a,#) (LIST(1),I=1,NTOTAL)

IF (LSEGM,EQ,A) 6O TO 130

DO 129 ls=1,L9EGM

READ tﬂ'.) NSTARY,NSTDPOINC

D0 g124 JaNSTARY,NSTOP, INC

NTOTAL & NTOUTAL#1

LISTINTOTAL) &

[ L T e T N T P N I YT LY T LY
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GRIDITL.FTN /TRIALDCKS/WR
c SINCE NORMALLY MIXED ORDER DR HIGHER ORDER ELEMENTS ARE USED FOR
c STHULATION AMND FOR PLOTTING PURPOSES THE GIVEN REGION HAS TO BE
(4 RENFFINEN IN LINEAR ELEMENTS, THROUGH THE FLAG "NFILE"™ THAT FILE
c CAN AE READ DIRECTLY, IF "NFILE"™ = 9 IT IS ASSUMED THAT THE INPUT
o FILF FOR SIMULATION CONSISTS OF LINEAR ELEMENTS AND NO NFILE IS
c ASKEN FDR,

An33
2034

023s
2035
eelr
enss
fn39
eaaa
24y
ena
%43
2244

e 3045
onae
#nar
LT
2049
ansa
2054
»as2
005t
an34a
2R9s
»a56
2097
ansa
2059
2860
2061
0062
Q063
2264
2069
066
2067
' T.TY)
2a69
#ave
aary
2872
2a73

[ e R L L L L L L L L L T R e

130 READ (4,129) DUMMY
READ (4,%) NFILE,KE_LEM,FACTOR

c-.----...‘..---Q..-...---.-.--.--......-o..-.'-.---.--.--.-------.-...-

c FACTOR 18 THE CONVERSION FACTUR OF X = AND Y= CUOQRDINATES ,
c PROGRAM SEARCHES THE VALUES AT CQRNER OF EACH INTEGER VALUES
c THROUGH *FACTOR®,THE INTENSITY OF GRID IS CHANGED,

c-.-.n—-------.---.-..-.-.---.---.-Q-.-Q--.-...-..-------.-----.9.-..---

IF (NFILEJEQR,Q) BN TO i4@

READ (4,129) FILE

CLOSE (UNITm4)

N s ICHR(FILE)

OPEN (UNTT®4,NAMERFILE, TYPE>*0L0",READONLY)

LN = 4
140 1F (NFILE ,EQ,@) LN s §

NTT = 2564

WRITE (2,#%#) ’NPRINT?

REAN (2,%) NPRINT
c--..-.---.-----’-----.-.-.--.-.-.-'-.--‘-------------.-.-.--.'..-------
c CHANGE THIS NUMBER AS PER THE NUMBER OF TOTAL NODES
c-.—.—.--.---------.--.‘..-----.------..-..----------.-----.-.---------.

REAN (S, 159) DUMMY
150 FORMAT (A4Q)

READ (5,16@) NPPP,NZELEV,XTYPE,PERCNON,XYCONY,ZCONV,HCONY
168  FORMAY (15,13,12,7P1R,9)

XYCNNY = XYCUONVAFACTOR

AHIN = | AE1D

YMIN = | OE10

XMAY = AR

YMAY = W 8

00 {9¢ 1={,340n

READ (S,172) NSEC
172 FORMAT (11)

182 FORMAT (11,14,aF10,2,315,/2(A(F8,1,15)/))

IF (NSECNE, @) 6N TO 208

REAN (%, 158) DUMMY
190 CONTINGYE
200 PRINT 217, NSEC
210 FORMAT (’ NSEC *,12)

NODES = 0

D0 269 INONDEs1, 3002

READ (%5,183) NSEC, N, XX, YY,WTT,RED,NBB,LMAX, (LL(J),22(J),Ju),LMAX)

IF (NSEC,NE,@) RN TO 272

IF (MXTYPELEN,2) READ (5,690) (CONCENCI),1s1,LMAX)

IF (LSUANER,A) 6O TO 259

IF (LSURN,GT,2) GO TN 23N

DD 223 Iat,NTOYAL

1F (K EQ LIST{T)) B0 TU 267
2en CONT INUE

GD Y 252
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GRINIT,FTN /TRIBLDCKRS/NR

faTa 230 DD 280 Iwgi,NTQTAL

e07s IF (K ,EQ,LIST(I)) 60 YO 250

goTe 239 CONTINUE

eavy £O0 TN 260

ee7s 2590 XX m XX#XYCONV

2079 YY = YY#XYCONY

ensa IF (XX LT,XMIN) XMIN = XX

008y IF (YY,LY,YMIN) YMIN » YY

onse IF (XX, GV, XMAX) XNAX ® XX

2083 IF (YY.GT, YMAX) YMAX @ YY

0044 X(x) & Xx

T LL} Y(r) = YY

2086 NODES = NUDES+}

21134 LNONES(NODES) = K

.J.L1.} WRITE (1) K, X(K),Y(K),WTT,BED,LMAX, (LLCJ),22CJ),J=1,LMAX)

on89 260 CONTINUE

2098 21a IF (NSEC,NE,1) GO TD 299

2991 READ (3,280) FMT

2092 28a FORMAT (1244)

P93 READ (%,FMT) (M, 101, ,NTT)

Y94 290 IF (XTYPENE,2) GO YO 30290

2099 READ (%,28Q) FMTY

2296 READ (S,FMT) (C,Twi,NTT)

2097 Ine IF (NSEC,NE,2) GO TO 328

2098 DO 312 [»=1,1000

8099 READ (S,180) NSEC

2199 IF (NSEC,NE,Q) 60 TO 329

2194 310 CONTINUE

Q192 20 IF (NSEC,NE,3) G0 TO 340

0193 No 330 I=y,1000

2121 REAN (S,183) NSEC

2105 IF (NSFC,NE,Q) GO TO 340

2126 330 CONTINYE

o107 332 IF (NSEC.NEL4) GD TO 367

2128 00 3852 lsi,}0an

9109 READ (9%,184) NSEC

2112 IF (NSEC,NE,@) GO TD 362

P11y 3%0 CONTINUE

2112 160 IF (NSEC,NE,5) GO TO o180

0113 PRINT ATa, XMAX,XMIN,YMAX,YMIN

2114 NXMIN & INT(XMIN)

a31s XMAX ® XMAX«NXMIN

B1te NXMAX & INT(XMAX4D,S5)el
c--------.--------.-..-------------.--..-.-..-.---.-..----..-.-.--------
c NXMAX 1S SHIFTED BY {,@ :
c---------------.----.-...---.-...----.--...‘-.-.-..-.------.----.-.--.-

es17 YMIN 8 YMIN

2118 NYMIN w INT(YMIN)

2119 YMAX ® YMAXaNYMIN
c-‘----------.---.-.-.-.'.-----------.-.-.--.--.--.--.----------..-----.
c NYMAY 13 SHIFTED BY 1,9
c-.---...--..-..-----.-----------.---...---..--------..---.-.---.-..-.-.

0120 NYMAX 8 INT(YMAXe@,S5)e}

2123 WRITE (3) NXMAX, MXMIN,NYMAX,NYMIN,NODES, (LNODES(1),I={,NNDES)

e122 IF (NPRINT,NE,A) PRINT 683, NXMAX,NXMIN,NYMAX,NYMIN

0123 WRTITE (2,6804) NXMAX, NIZMIN,NYMAX,NYMIN
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8124 1F (NFILF NE,0) CLOSE (UN[T=S)
n129 CLDNSE (UNITsY)
2126 No %9¢ IIsi,1a700
2127 READ (LN,650) NSEC,NE,N1,NN, (NOD(]),In],NN)
9128 IF (NPRINY NE, Q) WRITE (2,¢) NE
2129 IF (NSEC,NE #) GO TO 600
213e 1F (MELEM,EQ,1) READ (5,28%) DD
2131} IF (NN,NE_ Q) GO TO 530
9132 1F (I1.LT 1A AND NPRINT NE,@) PRINT 378, NE,NOD
2133 73 PURMAT (* ELEM *,13,Y NOOES’,81%)
0134 TF (LSURD,EQ,A) GO TO 422
CPRL] na ata Isy NN
2136 JJ = NOD(I)
2137 IF (LSyBN,GT,N) BO Tn 39@
2138 DD 384 Jwi,NTQTAL
2139 1F (JJ.EQ,LIST(JY) GO TO 590
9140 3an CONTINUE
@14y 50 T0 429
. @142 390 DO 470 Jal,NTOTAL
@143 IF (JJLEQ,LIST(YJ)) GO TOU 410
144 490 CONTINUE
@143 G0 YO S99
3136 410 CONTINUE
2147 a20 ITIMNE 3 2
148 43n NO A447A Jmy,b4
2149 JJ s NOD(J)
?1%0 ¥R(J) = X(JI)

2151 LYY Yacey) = v(JJ)
?152 482 0D = (XA{1)+AG(2)+xA(I)4XQ(8)) 2R, 2T

2133 DD » (YWC1)+YR(2Y+YR(3)+YQ(a))»0,25

3194 A = (XQ(1)=XQ(2)eXQ(3)+XQ(A))*02, 2%

215% AA ¢ (YQ(1)=YQ(2)=YQ(3)evQ(4)) 0,25

2156 B s (XA(1)4XH(R)=XQ(3)=xQ(4)) ", 25

157 AR = (YQ(1)+YQ(2)=YQ(3)=Y3(4a))*0,25

0158 C = (XAC1)=XQ(R)+XA(I)=AQ(4))*A 25

2159 CC = (YO(1)=YR(2I+YQ(3)*YQ(4)) 20,258

BLen Al 8 A»CCoCuAA
¢ WRITE(2,e)*D%,D,%00°,00,7A%, A,*AA®,AA,’B’,R,*AR*,8A,C,CC

3161 LINFAR = @

9182 TF (A _EQ, U, AND ,C ER A, N, AND,CC,EQ,A,A) LINEAR = |

@163 IF. (AL NF U, 0R,LINEARED, 1) GO 10O as@

G164 XQA¢2) = x(2)+,3701

0165 YR(2) = yu(2)+,20018

2166 K0 TN 459

2187 260 A1 x AtBAAA*R=CaDD+CCHD

n168 C1 = BR«NaH4ON

2169 A2 s Aqwd, 0

2170 AAY = CCaR=RHC

o171 RBY @ CCaD=CANPeAwAA=ARBR

2172 CCY1 ® AAgl=anD)D

2173 LINET = 0

2174 1F (AAL,FU.B,7) LINET = |

2175 GO TO a9
c---------------------'-.-.--.--.---.---.---.-.-.-.-.-----..--------.--.
c NEXT SFCTION 18 NOT OPERATED AT PRESENT

[ R T T e L P P P L S R P L A L P AL DL L L Ll b bl bl Rkt dd bkt
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FORTRAN IVePLUS VvAR2aSID 16113109 13=8FPe?9 PAGE S
GRIDIT,FIN

o176
o177
2178
2179
0180
0184
0182
7183
2184
2188
o186
n187
21838
2189
2190
2191
192

2193
2194
2195
0196
2197
2198
2199
2200
9201
0202
9203
0204
0225
P20p
p207
2208
0299
2219
0211
0212
0213
0214
a1
0216
2217
0218
2219

o220

28221
o222
Q223
Q22
02253
Q226

a63

470
asn

49a

Se0

510

529

532

sS40

/TRIBLOCKS/WR

ITIME o ITIMESY

IF C(ITIME,GE,4) GO TO 470

NSAVE = NOU(1)

NOD(¢1) = NOD(2)

NON([2) ® NOD(Y)

NOD(3) = NOD(G)

NOD([4) ® NSAVE

GD 10 43a

PRINT 080. NE.C‘.BI"”

FORMAT (° ELEM?,18,° C1 =»*,EiN,3,’ 8 «*,E10,3,* BB *,E10.3)
G0 10 S92

CALL POINTS (NE,XQ,YQ,1,NXX,NYY,NPQINT,NPRINT)
IF (NPOINT,EQ,A) GO TO 992

NO SAA LIsi,NPOINT

Y = 2,0

NX s NXX(LZ)

NY = NYY(LZ)

TFINX LT NXMINY NXMIN ® NX

C2 = C1+RaNY=BRANY

B2 = BI+CaNY=CCaNX

BR2 = AB14NY*C«CCHNX

CC2 & CL1+AaNYesAANNY

IF (LINEAR,EQG,1) GO TQ 310

SIGN » {0

ITIME = 0

IF (A2,EN,B,) WRITE (2,%) °L*)LINEAR,*A2%,A2
SC & (=B2+31GN#30RT(R20B2=a,0A1aCR)) /AR
1IF (APS(SC).LE,1,0300M1) GO TO Saq0@

ITIME = ITIME«!

IF ¢ITTHE EQ,2) 6N TN 370

SIGN = =

GO TO %00

3¢ = <N2/B2

IF (ABS(SC),LE,.1,20P01) GO TN Ssanm

B0 YO 870

€T = =nC2/882

IF (ABS(ET)LE,1,00a401) GO TN %32

G0 10 %79

IF (ET,GT,1,4) ET = { 0@

IF (ET LT,=1.0) ET » «1,0

GO TN S60

DIV = AB+SCeCC

NFLAG = @

IF (DIV,NE,A,) 6D TO S%0

HRIVE (6") 'DIVlO.PnQNE',NE.'BB'.BR,’SC'.SC.'CC',CC,(NOD(I):IQ(I)

0.'@(!).!!1.4)

Dlv = _0Qav01

[ Y Y T Y e Y Y e N L P Y Y P T Y R Y P P T P P P L Y P Y Y Y T L L Y

e

THIS IS NNNE TO AVOJD DIVISION BY @,8 NEED FURTHER [MPROVEMENT

[ XL T e Y L P Y P Y Y P P Y P R P PP P R IS I PR PP P PR P Y L SR P L L Y L L 2

5s@

PRINT », 'NX,NV,DD,AA'.N!,NV,DD,AA

NPILAG ® |

ET a (NY«DUeSCeAA)/DIV

IF (NFLAG,Euq1) PRINT w, PEY AFTER SETTEING DIV s ,000017,ET
IF (ARS(ET),LE,1,40001) GO TO Se0

SIGN 8 «f
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FORTRAN JVePLUS VD2=~51D 16113109 13=8EP=79 PAGE 6

BRIDIT,FIN
e227
p228 L1
n229
pala
021y
P32 sra
8233 L1T)
P23y 590
0238 620
22%
0237 810
P23 629
8239
0240 538
CELE 640
L]
0242 690
p2as 669
+*
0244 £70
+
024s 680
#24¢ 690
0247 152
p2aa
PROGRAM SECTI
NAME 8!
SCONEY 010157
SPDATA MORR226
SIDATA @Q1124
SVARS 245476
STEMPS  P@ORAR

/TREIALOCKS/WR

GD 10 &Aa

NX & NY#laNXMIN

NY & NY+]=NYMIN

WRTTE (3) NX,NY,NOD,SC,ET

GO 10 s8Q

IF (NPRINT,NE,?) PRINT 663, NE,NX,NY

CONTINUE

CONTINUE

CONTINUYE

GO TO TUQ

PRINT 420

FORMAT (" PROGRAM STOPPED ®esdp THERE WAS NO INSEC 5} IN DECK’)

G T 709 ’

PRINT §40, NE

FURMAT (* PROGRAM STOPPE) SINCE FOR ELEM *,15,° NUDES ARE MURE
THAN 4%//,% FDR THIS PROGRAM LIMEAR ELEMENTS ARE REGQUIREQ’)

FOPMAT (11,14,1515/1619%)

FORMAT (¢ CONVERSINN NOT ACHIEVED IN ELEMENT?,IS,® NX*,15,” NY*,15 .,
)

FORMAT (¢ XMAX®’ F10,1,* XMINE®, F1@ 1,* YMAXZ®,F1P,1,° YMIN2’,Fi0,
1)

FORMAT (*# NXMAX®?®, 78,7 NXMINB®,1S,% NYMAX®’,13,” NYMINe’,I5)

FORMAT (RE10Q,3)

§TnpP
ENP
NS
43 ATTRIBUTES
2100 RW,l,CON,LCL
LA RW, Dy CONyLCL
293 Ru,0,CON,LCL
9631 RW,DsCON,LCL
17 RW,D,CON,LEL

TOTAL SPACE ALLOCATED w» 3937262 (2121
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FORTRAN JVePLUS V32=31D 16114110 13«3EP«79 PAGE 7
GRIDIT,FTIN /TRIBLOCKS/WR

00}y SURPNUTINE POINTS (NE,XX,YY,INCR,NXX,NYY,NPOINT,NPRINT)

pp02 NIMENSTON XX(4), YY(Q), A(8), R(A), YB(4), NXK(&MQ), NYY(4PQ),
+ RLMAX (@), XLMIN(CG), YLMAX(Q), YL_LMIN(4), YBPTR(A)

ppas INTEGER ¥, ¥

LI 1L ] DO 120 Iag,4

aees I1 » Jet

[ X2 Y IF (11.8Q,9) 11 s |

feay YXX & XXCIT)=XXALY)

egns IF (XXY NE,A,Q) GO TO 1@¢

2009 ACIYy = {,0PE8

019 B(rY = §,0E8

ea1y 6O TN 110

get2 toQ YYY s YY(11)=YY(Y)

ety ACTY & YYY/XXX

o0ty R(I) & YY(I)=A(T)uXX(D)

an1s 110 XLMIN(T) = XX(I)

221s IF (XXCLT) LT uNCIY) XLMINCE) = XX(IT)

Qa17 XLMAX (Y1) = XX(I)

o018 TP (XX(TU) WGP XXCT}) YLMAXCI) ® XX(]II)

en19 YLMIN(T) = YY(])

ap2a IF CYYCIT)oLT,YYLI)) YULMINCI) = vY(ID)

o021 YLMAX(I) 8 YY(I)

@022 IF (YY(IT)oGT,YY(CI)) YLMAX(I) » YY(II)

2023 120 CONTINUE »

2024 XGMAX a ei,0EA7 *

Qees XGMIN = | OES

eoes YGMAX u of , RES

epay YGMIN = {,0E8

fe2e DO 138 Iet,4

P29 IF (XX(IY LT XGMIN) XGMIN = XX(1)

2030 IF (XX(J) GToXGMAX) XGMAX & XX(I)

N3y IF (YY(D),LT,YGMIN) YGMIN = YY(])

pol2 IF (YY(1),GT,YGMAX) YGMAXY » YY(])

2033 13e CONTINYE

N34 MINX = XGMIN¢,9999

201% MAXY ® XGMAX

enlss MIMY u YGMIN¢,9999

0aly MAXY s YGMAX

0238 NPOINT & @

ees9 DO 220 XxaMINX,MAXX, INCR

a4 NN = @

apay no 133 Ie1,4

ona2 11 = Jef

o043 IF (ABS(X=XLMIN(E)),LT,1,0E+3) GO TO 4@

eaaq IF (ARS(X=XLMAY(T)),LT,1,0€E=8) GO TO {40

eeas IF (X LT XLMINCI)) GO TO S0

eaas IF (X667, XLMAX(E)) GO TO 1S@

047 149 IF (A(T).,EQ.1,MmER) GO TO 13S0

2048 NN = NN+{

fa4a9 YB(NN) = A(l)axen(D)

reSa YA(MN) = YB(NN)#{,QE2

20951 YA(NN) & INTCYB(NN)#2,5)

e0s2 YH(NN) ® YB(NNY/Q,0E2

2953 YRARTR(NNY = [

0054 IF (NN,LE,1) GO TO 1%Q@

0039 IF (X FO XULMINCIY AND X EQ XLMAXCTIT) ANDLACTIT) NEL1,AER) NN 3 NNet
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FORTYRAN Iv=PLUS VA2=S1D 16114110 13e3EP=T9 PAGE 8

GRIDIT,FTN /TRIRLNCKS/WR

AnSe IF (X EQ XLMAXCTY JAND X EQ XLMINCIT) AND,A(CI]I) NE,{,BEB) NN = NNe{

2057 1P (1,NE,4) GO T0 182

LERT] IF (X EQ XLMINIGY JAND X, EQ,XLMAX (1) ,AND A(Q) NE 1 ,BFE8,AND, A(]) NE,
+1,0EA) NN = NNe{

2859 TP (X EQ ALMAX L) JAND X EQ XLMINCL) ,AND,A(Q) ,NE, 1 ,REB,AND,A(]),NE,
+1,PEA) NN 8 NNel

peéa 15@  CONTINUE

(L LY NNM % NNe}

0062 DO 174 Juyg,NNH

006} DO 16@ Isf,NNM

2064 1F (YA(I), LT,YB(T¢1)) GO TO 160

006S STNRE = vB(l)

2064 YR(YI) = YR(I¢1)

T34 YH(1+1) = STORE

ELY ) STORE = YRPYR(T)

f269 YAPTR{I) » YAPTR(I*1)

onTY YBPTR(1+1) s STORE

0BTy 160 CONTINUE

eavt2 17Q CONTINUE

RT3 00 210 YsMINY,MAXY, INCR

2074 DO 18) Lef,NN

aars TF (ACYRPTYR(I)) 20,1 ,PE3,AND,Y GT, YLMINCYAPTR(I)) AND, Y, LT,
+YLMAX(YBPTR(1))) 60O YO 200

oNnte IF (vB(¢1),EQ.Y) GO TU Q200

20Ty 1IF (YB(I),LT,Y) GO TO 180

eaTs I1SELTS s 1=}

on19 GO 10 {90

ELY ] 180 CONTINUE

.LLY| T9ECTYS » NN

2082 199 IF (ISECTS/2%2,En,I1SECTS) GO TOo 210@

P083 220 NPOINT s NPOINT#{

(LY NXX {NPOINT) = X

[J-L} ] NYY (NPOINT) o ¥

208s 210 CONTINUE

ensy 224  CONTINUE

2083 IF (NPRINT,GE,2) PRINT &, "NE’,NE,’s OF POINTSC ,NPOINTS, "MAX,MIN,
+AGMAX, XBMIN, YGMAX , YGMIN, *NXX*, (NXX(TIP),IPu],NPOINT), *NYY?, (NYY(IP)
+,1Pn1 ,NPOINT)

0889 RETURN

0099 END

PRNGAAM SECTIONS

NAME slz¢ ATTRIBUTES

SCODEY 9a3usa 788 Rw,1,CON,LCL

SPNATA  MAANKE =1 RW,0,CON,LCL

SIDATA QpoUSe 20 RW,NsCON,LCL

SvARs L PLELY 91 RW,0,C0N,LCL

STEMPS nQAU2D 8 Rw,D,CON,LCL

TOTAL SPACE ALLOCATEN = 133512 933

sLP3eGRIDIY
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FORTRAN IVePLUS VvA2=8{D 16014124 13=8EP=79 PAGE 1

GRIDIN,FTN JTREALNCKS/WR
c GRININ,FTN
BT s Pa0GRAN ESTINATES VALUES AT REGULAR GRID OF INPUT PARAMETERS
¢ LIKE TOP, BOTTOM , OR THICKNESS OF ANY GIVEN HYDRUGEOLNGIC UNIT,
g BINARY FILE «,NOD OF GRIDUT,FTN ARE USED
E BINARY OUTPUT FILE "VALUE®" CONTAINS GRID VALUES 10 8E PLOTTED,

apay
20e2
oany

L]
008
.1 1.1

aeay
oazs
293a9
ao1a
aa1y
aete
ALy
rata
0a1s
eatie
antr
ea1s
2019
oa2e
ro2y
on2e
peal
fa24q
onas
anae
0027
Q028
anas
2930
an3q
na32
ep33
2034

203
293¢
a3y
20348
2039
2ed9
2p4a1q

INTEGER SCA,ETA
BYTE INOUT(100d),FILE(AD)
DIMENSTION LL(7),Z2(7),WT(1002Q),VALUE(6TSA),NDD(4),8CA(4),
+ ETACA), TITLEC16),X¢768),Y(768)
DATA SCA/1,=1,~1,1/
DATA ETA/1,1,=1,e1/
WRITE (2,«) "QUTPUT FILE OF GRID wITHOUT EXTENTINN PROGRAM APENDS
# "2 GRO® AND "« ,GRO"*
REAN (2,100) FILE
189  FORMAT (aaAl)
N = ICHR(FILE)
N s No¢
FILE(N) = *,°*
FILE(N+]) u ?N°*
FILE(Ns2) = *(*
FILFE(N+SY ® ?D°*
OPEN (UNIT®1,NAMESFILE,TYPEs®OLD’,FORME’UNFORMATTED® yREANONLY)
FILE(N+1) & ‘G’
FILE(Ne2) s °’r*
FILE(N+3} = °Q°
DPEN (UNTT®3,NAMESFILE,TYPEa*OLD*,FORMa’UNFORMATTED’,READONLY)
NRITE (2,%) *FORWHOLEDOMAINTHICKNESSMATSRuD’
WRYTE (2,#%) "NPLAGSANORMAL®YFDRUSINGNEARESTNONDEVALUE’
WRITE (2,8) °¢ ¢
WRITE (2,#) °NPRINT,MATS,NTOP(@uT,12B0TTOM,2sTHICKNESS) ,NFLAG(D,1)}"*
READ (2,%) NPRINT,NMAT,NTQP
AAQE = | QE1D
IMAX ® <1000,
DO 157 Isy,1a00
READ (1,FNDS160) ND,XX,YY,W,BED,LMAX, (LLCJ),22(J),J8),LMAX)
IF (LNPT LT ,NO) LNPT = N
X(ND) = XX
Y(ND) = YY
NO 184 Jey,LHAX
LLL = LLtJ)/7te?
IF (NMAT . NE,?) GO TO 11@
(o T L L T Ty T X T T T R T Ty Y Y Y P
(o MATFERIAL NUMAER 18 ZEBRD
(o T e R P e T R L L L L L L LT T TR r e p ey
IF (MTOPEQ,@) WT(I) = ZZ(1)
IF (NTOP_ EQ,1) WT(I) = ZT(LMAX)
I[F (NTOP,EWR,2) WY(I) & 2Z(1)=22(LMAX)
INOUT(T) =
60 1O 1S2
1{a IF (LLLL.LTNMAT) 60 TU 1490
TF (LLL,EQLMNMAT) INQUT(]) = 1
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FORTRAN IVePLUS VA2<SiD 16114128 13=8EPe79 PaGE 2
GRIDINGFTIN

ea4q2
2043
Po4q
amas
aeas
anay
0a4a
2oa9
2a%2
2051
fas2
nasy

LY
20558
2256
aasy
2058
2059
fa6Q
8o61
an62
eesl
LY
2068
00466
B0h7
2068
2069
oa7e
oery
eer2
@073
enTa
2278
oete
2077
enrs
0879
208a
e8|
ons2
2083
LT
208%
2086
2087
008s
o089
en9a
2n91
P0%2
2093
2094
2095
2096

120

130

140
1502
160

18@

192

200

210
220

32
242

230

260

/TR DCKS /KR

1F (NTOPNE,2) GO TD 122

WIEND) B 22(0=1)=22(J)

IF (WT(ND),LT,3,8) WT(ND) = 2,9

G0 10 134

WY (HD) = 22(J=1)

IF (NTNP,EQ,1) WT(ND) ® 22(J)

IF (RASE,GT,WT(ND)) BASE w WT(ND)

IF CIMAX LT MTIND)) ZMAX = WT(ND)

G0 10 18"

CONTINUE

CONYINUE

CLOSFE (UNITs})

IMAY = INT(ZMAY+10Q)

IF (NPRINT,NE,B) PRINT «, BASE,ZMAX

REAN (3) NXMAX,NXMIN,NYMAX,NYMIN

NEEN ® NXMAXANYMAX

IF (NEED,LT,675®) GD Y0 170

WRITE (2,%) *NXMAXANYMAX»67S0,PROGRAMSTOPPED,” v
WRTTE (2,%) *REOUCESCALESIZEINFILE"«,GRD"ANDRERUNGRIOIT?
sT0P

00 212 INQDEsY,9023

READ (3,END=22M) NX,NY,NOD,SC,ET

IF (NPRINT,GE,2) PRINT §8d, INOQOE,NX,NY,NOD,3C,ET
FORMAY (° INODEY,71S5,2£12,%)

SUM & 2,0

TFLAG = @

90 199 Jsi,4

IF (INDUT(NOOC(J)),EQ,1) IFLAG s IFLAG+Y
1F (IFLAG,LEL2) GO TO 210

Do 209 Jug,4

K = NON(Y)

SUM 8 SUMe 250 (1+SCaSCA(J))n(L14ETRETA(J)) anT (K)
CONTINYE

VALUEC(NY=1) ANXMAXENYX) & SUM

CONTINUE

LLOSFE (UNITe3)

IF (NFLAG,ER,Q) 6O TO 240

N0 239 Isl,LNPT

IF ¢x(1),80,0,8,AND,Y(1),80,0,0) GO TO 230
MX & INTC(X(I)eP,S)oNAMIN+

NY m INTCY(I)+@,S)eNYMIN

1J s NYaNXMAXSNX

VALUE(TJ) ® WT(])

CONTINUE

IMAY a =1 ,0ElQ

IMIN = { E10

DO 2524 Iwy,NYMAX

NPLUS L ] ([-l)aNXMAX

DO 234 Juy,NXMAX

VAL ® VALUE(NPLUS+J)

IF (VAL LT,IMIN) IMIN = VAL

IF (VAL GT,IMAX) ZIMAX ® VAL

IF (NPRINT,NE,@) PRINT 262

FORMAT (* READING OF FILE 2 COMPLETED?/)
IF (NPRINT,.LE,1) GND TO 292

no 27¥ Iw{,NXMAX
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FORTRAN TV=PLUS vA2<S1D 16014128 13=3€P=79 PAGE 3
GRIDIN,FYN

P97y
2098
2099
[ FLT]
@101
2102
0103
0104
910
o126
0197
9198
- 8109

ere
280
290

LI

/TRIRLNCKY/WR

NSTART u (I«i)aNXMAX®Y

NSTNP s NSTARTONXMAKe]

PRINT 280, I,(VALUE(CJ),JONSTART,NSTOP)

FORMAT (/15,14610,3,/2008(5X,10610,3/))

WRYTE (2,#%) *NXMAX, NYMAY,ZMIN,ZMAX®  NXMAX,NYMAX, 2ZMIN, ZMAX
IF (NPRINT(NE,B8) PRINT #, NxHIN’NXMAx,NYH:N,NVNAX,ZM!N,ZHAx
OPEN (IINITSL,NAME’YALUE®, TYPEa?NEW? ,FORMR?NFORMATTED?)
NO 30@ Jeg,NYMAX

NPLIIS = (J=1)aNXMAX

WRITE (1) (VALUE(NPLUS®L), T}, ,NXMAX)

CLOSE (UN1TeY)

sror

END |
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FORTRAN 1VePLUS V@2=910 12152132 16=0CT=T9 PAGE |
GRIDH,FTN

opMy
0002

oens
0004y
ooes
1 1%]
0e0r
fone
aam9
ealo
Qo1
w012
f013
2214
201
fnQte
eo17Y
0218
2919
o0en
ee2y
2oee
nges
00”4
anes
B02¢
oeer
?028
¢0e9
°e3n
.13}

OO0

100

110

1ee

130

/TRIBLOCKS/HWR

GRINH,FTN

THIS PROGRAM ESTIMATES VALUES AT REGULAR GRID OF HEAD AT TOP OR
BOTTOM YARIOUS HYDROGEOLOGIC UNITS,

B8INARY FILE OF PROGRAM GRIDIT IS USED FOR IDENTIFYING
THE ELEMENTS ASSOCIATED WITH THE GIVEN GRID AND ALSO THE LOCAL
CODRDINATES OF GRID POINT A8 RELATED TO THE GIVEN ELEMENT,

USER SPECIFIES THE INPUT BINARY FILE CONTAINING WEAD VALUES,

WINARY OUTPUT FILE *VALUE"™ CONTAINS GRID VALUES FOR PLOTS,
1, NXMAX(WIDTH IN X DIRECTION) ,NYMAX(WIDTH IN YOIRECTION),
NUMBER OF CHARACTERS IN TITLE,TITLE
2. NUMBER OF NYMAX RECORDS PFACH CONTAINING NXMAX VALUES

BYYE INQUT,FILE
COMMON/ZA/NFLAG,NPRINT ) NXMAX ,NXMIN,NYMAX,NYMIN,NPT,NTOTAL,NT(768),

SIMAX  BASE, TITLE(L16),FILECAQ),LIST(768),NEED, INOUT(748)

WRITE (2,%) °GRINDIT FILE NAME (WITHOUT",EXT*)*

READ (2,100) FPILE

FORMAT (8CAY)

N s ICHR(FILE)

N = Nef

FILE(N) & *,°

FPILE(N+1) = °G*

FILE(Ns2) » ‘R’

FILE(Ne3) » *0°

OPEN (UNIT®3,NAMESPILE,TYPEs’OLO’,FORMe?UNFORMATTED?,READONLY)
FILE(Ne)) ® °N’

FILE(Ne2) » *0°

FILE(Ne3) = °D°

OPEN (UNITST,NAMESFILE,TYPER®ULD’,FORMS*UNFORMATTED®,READONLY)
READ (%) NXMAX,NXMIN,NYMAX,NYMIN,NTOTAL,CLIST(1),Is{,NTOTAL)
NEFN s NXMAXONYMAX

NELD ¢

TF (NEED,GT,6752) NFLQ = 2

CALL HREAD

G0 YO r§13,120), NFLO

CALL GRID

GO Y0 (3@

WRITE (2,%) *FILE Q DISK*

READ (2,#%) IUN

CALL ASNLUN (1,°DP’,IUN,I8TAT)

CALL OPFILE (1,*PLOT’,%12,,IPTRY)

CALL GRDFLG

sTop

END

PROGRAM SECTIONS

NAME

s12¢ ATTRIRUTES
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FORTRAN IVePLUS V32510 12152132 16=0CTeT9 PAGE 2
GRIDH,.FIN /TRIBLOCKS/NR

SCODE1 woo2esy2 189 AW, 1,CON,LCL
SPDATA 000106 33 RW,0,CON,LCL
SI0ATA @QO122 41 Rw,0,CON,LCL
SVARS 2o0e14 ) AW, 0,CON,LCL
A 912602 2733 AW,0,0VR,GBL

TOTAL SPACE ALLOCATED = 013640 3024
NO FPP INSYRUCTIONS GENERATED

'LPISGRIDH
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HREAD,FTN

ooey

2003
2004

L]
e2ae
egey
ooes
2009
vole
2011
eote
2013
ve14
001s
opie

2017

o018
2019
Pn2e
CLED
en22
2023
2024
202s
2026
0027
P28
2029
Pe30
203y
P932
2033
0034
CTAL]
0036
0037
0038
0039
2040
004y
9042
@043
en4s
e0as
004
opay
0048
2049
0050
0091

¢

[z N e N3]

100

110

iee

130
140

15@
160
170
180
192

/TRIBLOCKS/WR

HREAD ,FIN

SUBROUTINE HREAD

8YTE INOUT,FILE
COMMON/A/NFLAG,NPRINT  NXMAX,NXMIN, NYMAX ,NYMIN, NPT ,NTOTAL,WT (768},
*HMAX , HMIN, TITLE(16),FILECAD) ,LIST(768),NEED, INOUT(T68)
DIMENSION MHEAD(2%60) ,NUMBER (2560), IOENT(768),0ETAIL(20),FILE2(20)
L L T TN I T R T Y N P L e R LI Y Y IR Y I L D Y L P A L L Y L ALl
VERTICAL LOG DATA ASSUMING UNIFORM LOG IN THE REGION
..--.----.-.--.--.‘.----..----.-----.--Q.---.---.-.--.-..-.--..---
WRITE (2,%) *NAMEQOPBINARYFILEHAVINGHEADDATA’

READ (2,160) FILER

WRITE (R2,%) *NPRINT,MAT#,NTOP(QaT,1eB8),NFLAG(OORY]}"*

READ (2,%) NPRINT,NMAT,NTOP,NFLAG

N = ICHR(FILER)

OPEN (UNITsi,NAMESFILERZ,TYPE®’OLD*,FORMa*UNFORMATTED? ,READONLY)
READ (1) (DETAIL(I),I=1,R0),LNPY, (IDENT(I),Is8,LNPY)

READ (1) NTT, (NUMBER(I),HEAD(I),Is1,NTT)

WRITE (2,170) DETAIL

CLOSE (UNITm})

IF (NPRINT.GE,1) PRINY 1802, LNPT, (IOENT(I),1e1,LNPT)

IF (NPRINT,GE,1) PRINT 190, (NUMBER(I),HEAD(I),I=y,NTT)

HMIN = | ,0E10

HMAY » =1, 0E10

DO 102 Iwyi,7068

WT(1) = 000

D0 140 Isy,LNPT

N s IDENT(I)

IF (N,EQ,3) GO TO 149

NN = N¢2$

DD 130 LeNyNN

ND » NUMBER(L)

LLL ®» ND/i0RO

NSUR s MOD(ND,102@)

IF (NSUR.EQ0,I) GO YO 110

IF (NMAT NE,Q,0R,NTOP,NE,$1) GO TO 140

WTCI) = HEAD(L~%)

INOUT(I) o 1}

IF (NPRINT,EQ,2) PRINT 150, I,NUMBER(L~1),WT(I)

60 Y0 120

IF (LLL.LT.NMAT) GO YO 130

1F (LLL,EQ.NMAT) INOUT(I) =

WTC1) = HWEAD(L)

IF (NTOP,EQ.@,AND,NMAT,NE,@) WT(1) = MEAD(Lel)

IF (NPRINT.EW,2) PRINT 150, I,NUMBER(CL),WT(1)

IF (HMIN,GT,WT(I)) HMIN = WT(I)

IF (HMAX LT WT(I)) HMAX e WT(1)

G0 TO 140

CONTINUE

CONTINUE

RETURN

FORMAT (* SURFACE NODE’,I9,°* NOOE SELECTED’,1S5,° HEAOD’,G10,3)
FORMAT (204A4)

FORMAT (20A4)

FORMAT (° LNPTm’,1%5/200(2015%/))

FORMAT (* HEAD VALUES READ FROM DISK®/,200(8(15,610,3)/))

END
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FORTRAN TVePLUS V32«51D 12156131 16=0CT=79 PAGE 2
HREAD,FTN /TRIBLOCKS/WR

PROGRAM SECTIONS .

NAHE s12¢ ATTRISUTES
SCODEY ©0P1736 298 RW,1,CON,LCL
SPDATA 220116 39 RW, D, CON,LCL
SIDATA 002246 83 RW, D¢ CON,LCL
SVARS 041266 8539 W0, CON,LCL
STEMPS @0R204 2 RW,D,CON,LCL
A ngaed2 2783 RW,0,0VR,GRL

TOTAL BPACE ALLOCATED = 236416 11941

'LPISHREAD
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GRID.FTN

9gay
oeoe
oeas
goadg

2005
a0as
ean?
o0P8
neeq
o210
201y
o612
0013
2914
on1s
2016
2oty
2018
2019
og2n
a2y
o022
o023
Pn24a
ep2s
2026
fe2r
oe2a
e029
0030
2031
o032

o033
o034
0033
a03s
0037
2038
0039
v0odao
gody
egaz
eeas
peaq
004S
eade
fada7
egdas
0049
eesSo
0081
oase

c

100

110

129

130

1402
150

18@

190

202
212
229

/TRIBLOCKS/HWR

GRIDLFTN

SURROYTINE GRID
INTEGER SCA,ETA
AYTE INOUT,FILE

COMMON/A/NFLAG,NPRINT ,NXMAX,NXMIN,NYMAX ,NYMIN,NPT ,NTOTAL,uT(768),

*IMAX,BASE, TITLECL6) ,FILE(40),LIST(768),NEED, INOUT(T68)
DIMENSTON VALUE(ATSO),NOD(4),SCAC4),ETA(A)

DATA 8CA/1,-1,-1.!/

PATA ETA/L )l ot =t/

DO 10Q Iey,NEED

VALUE(Y) = 2,

DO $4@ INODE®},9000

READ (3,ENDmIS@) NX,NY,NOD,S8C,ET

IF (NPRINT,GE,3) PRINT 1310, INODE,NX,NY,NOD,8C,ET
FORMAT (° INODE’,71%,2812,%)

SUM = 9.0

IPLAG = @

N 120 J=y,d

IP (INOUT(NOD(J)) . EQ,1) IFLAG w IFLAG+!

IF (IFLAG.,LE.2) GO TO 140

00 130 Jey,d

K = NOD(J)

SUM = SUM#,2S#(1¢BCaBCA(J))n(L1+ETAETA(J) ) ANT(K)
CONTINUE

VALUE((NY=1) #NXMAX+HX) = SUM

CONTINUE

CLOSE (UNITe3)

1F (NFLAG,EQ,®) 80 TO 172

DO 168 Iwi,NTOTAL

READ (Y,END®1T8) K,X,Y

NX & INTCX¢Q,8)eNXMIN®!

NY s INTCY+0,5)=NYMIN

17 8 NYRNXMAX#NX

1F (NPRINT.GE.1) WRITE (6,%) "NODE®,K,*AV,HEAD’,VALUE(IJ), *NODE H*

o NT )

VALUE(IJ) = WY(K)

ZMAY » '1.0!19

IMIN w 1,610

NG 189 Isy,NYMAX

NPLUS ® (I=1)aNXMAX

DO 180 Jui,NXMAX

VAL = VALUE(NPLUS4J)

1F (VAL,LT.IMIN) ZIMIN ® VAL

T IF (VAL,GT.ZMAX) ZMAX ® VAL

IF (NPRINT,NE,@) PRINT 190
WRITE (2,%) °REANDINGOFFILEPOINTSCOMPLETED’

OPEN (UNIT®S,NAMER®VALUE®,TYPEe’NEW’ ,FGRMa*UNFORMATTED?)

FORMAT (° READING OF FILE "POINTS"™ COMPLETED®’/)
IF (NPRINT,LE.1) GO TO 220

00 200 Iwy,NYMAX

NSTART s (Iel1)aNXMAX#]

NSTOP & NSTART#NXMAX=]

PRINT 210, I,(VALUE(JS)JuNSTART,NSTOP)

FORMAY (/15,10610,3/,20(5X,10610,3/))

»

IF (NPRINT.NE,0) PRINT %, ¢ POINTS IN X=DIRECTION’,NXMAX,? Y=DIREC
+TION® ,NYMAX,® MINIMUM VALUE OF THE PARAMETER’,IMIN,* MAXIMUM VALUE
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GRID,FTN /TRIBLOCKS/WR
4, IMAX
0083 WRITE (2,%) °NXMAX,NYMAX,ZMIN, 2ZMAX®,NXMAX, NYMAX, ZMIN, ZMAX
20%4 DO 238 Je{ NYMAX
00%5 NPLUS ® (Jel)aNXmMaX
2oSa 230  WRITE (S) (VALUE(NPLUS®I),XInl,NXMAX)
20%7 CLOSE (UNITsS)
20%a RETURN
00%9 END

PROGRAM SECYIONS

NAME 812E ATTRIBUTES
SCNDEY ©G02214 582 RW,X,CON,LCL
SPDATA PQO2SS a7 RuW,D,CON,LCL
SIDATA Qu0Bte2 .7 RW,DsCON,LEL
SVARS: 064702 13837 RW,D,CON,LCL
A 012602 2783 RW,D,0VR,G0L

TOTAL 8PACE ALLOCATED w 102363 17016

'LPIEGRID
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GROFLGFTN

0001
oen2
2003

2004
2e0s
20Rs
aeay
eons
e0a9
eeia
0011
o012
e’
2014
fa1s
oa1e
a1y
oete
0019
no2a
o021

2022

023
0024
0025
UL EDS
e027
7028
2029
Po30
003y
ee32
0213
2034
e03s
0036
P03y
2238
2039
apap
004y
2042
Pp43
P04
0pas

204e
a04Yy
2048
2049
2eSp
2054
oese
nesy

c

100

110

120

130

140
180

160

172
180

/TRIBLOCKS/WR

GRDFLQ,FTN
SURROUTINE GRDPLO
BYTE INQUT,FILE

COMMON/A/NFLAG,NPRINT ,NXMAX ,NXMIN NYMAX ,NYMIN,NPT,NTOTAL,WT(768),

STMAX,BABE, TITLEC16),FILE(AD),LIST(768),NEED,INOUT(T68)
INTEGER SCA,ETA

DIMENSION NOD(4),8CA(CA),ETA(4),VALUE(2560)
DATA SCA/y,=1,°8,1/

DATA ETA/ sly=1,=1/

CALL NDPR (IPTR!,1,,VALUE,S128,)

NRR ® §,

00 142 INODEw§,9000

READ (3,ENDa§S@) NX,NY,NOO,SC,ETY

IF (NPRINT.GE,S) PRINT 10@, INODE,NX,NY,NOD,SC,EY
FORMAY (* INODE®,718,2E12,3)

SUM = 2,0

IFLAG = @

no 11@ Jeg,48

IF CINOUT(NOD(J)Y), EQe1) IPLAG = IFLAGeS

IF (IFLAG,LE,2) GO TO 40

00 120 Jey,4

K = NOD(J)

SUM o SUMe 230 (1+SCaSCA(I)In(LeETHETA(IIIaWT(K)
CONTINUE

NR = {#(NY=1)/10

IF (NR,EQO,NRR) GD TO 138

CALL OPW (IPTRi, (NRR=1)#20,¢1,VALUE,S5120,)
CALL DPR (IPTR1,(NR=1)#20,¢1,VALUE,5120,)
NRR ® NR

KK o (NYo(NR=1)u1@,)#236,¢NX

VALUE (KK) ® 8UuM

CONTINUE

CLOSRE (UNITsS)

IF (NFLAG,EQ,0) GO TO 180

00 172 Isi,NTOTAL

READ (7,END®180Q) K,X,Y

PRINT w, ‘K,X,Y',K,X.Y

NX 8 INTIX¢0,3)=NXMINe]

NY » INT(Y+2,5)=NYMIN

NR = $eNY/10

PRINT ", ‘Nl'NY,NR.'N‘tNVaNR

1F (NR,EQ,NRR) GO TO 162

CALL DPW (IPTRY,$1+¢(NRR=1)#20,,VALUE,S5120,)
CALL OPR (IPTRi,1+(NR=wl)w20,,VALUE,5120,)
NRR ® NR

KK ® (NY=(NR=§)#12)#286+NX

IF (NPRINT.GE,1) WRITE (2,%) °NODE’,K, ‘AV,HEAD®,VALUE(KK),*NODE H*

*,NT(K)

VALUE(KK) = WT(K)

CALL OpW (IPTR1, (NRRe1)e20¢1,,VALUE,S120,)
IMAX & =1 ,0E10

IMIN » {,E1D

DO 190 Jeg,NYMAX

CALL DPR (IPTRY,(J=1)u2¢1,,VALUE,S12,)

DO 190 I=®i,NXMAX

VAL ® VALUE(D)
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GRDFLO,FTN /TRIBLOCKS/WR

de5a IP (VAL.LTZIMIN) 2MIN ® VAL

oess 190 IF (VAL,GT.ZMAX) ZIMAX ® VAL

P0%s IF (NPRINT,NE,0) PRINT 2420

eos? WRITE (2,8) "READING OF FILE POINTS COMPLETED'
008 200 PORMAT (* READING OF FILE "POINTS" COMPLETED®/)
0239 IF (NPRINT,LE,1) GO YO 218

o060 212 IF (NPRINT,NE,®) PRINTY #, ° POINTS IN XeDIRECTION’,NXMAX,’ Y<DIREC
+TION® ,NYMAX, * MINIMUM VALUE OF THE PARAMETER®,ZMIN,* MAXIMUM VALUE

+°, IMAX
2061 WRITE (2,0) "NXMAX,NYMAX,ZMIN, ZMAX?,NXMAX,NYMAX,ZMIN, ZMAX
LY RETURN

P63 END

PROGRAM SECTION3

NAME SI1ZE ATTRIBUTES
SCODEY 0Q2510 876 RW,I,CON,LCL
SPDATA 000310 100 RN,D,CON,LCL
$IDATA 0QeB144 L1 RW,0,CON,LCL
SVARS a26112 S1%7 RW,0,CON,LCL
ATEMPS 0M0oQ004 2 RW,D,CON,LCL
A gi602 27133 RW,0,0VR,G0L

TOTAL SPACE ALLOCATED « 242104 8738

$CPIGRDPLO
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PLOTBC,FTN

000y
epa2
o003

?o04
epRs

2006

oger
oc08
- 2Qe9
2019
2011
eele
e 0013
0214
2018
216
e2e17
s eo18
0019
2020
02}
- 2022
223
pa24
opes
2026
- 2927
op28
eaz29
2030
2934
o032
2233
o034
oe3s
oese
2037
2038
2039
2049
204y
Qdoag
0043
0044
004s
0eds

ey

e

b

» % % &

E g

c

c..-n--.---.-...--..-.-.-.-..--.-.-...........--.----..-.-..-...----..-'

c

c-.w-----.-.-.-..----n--.-.-.-.------..--..---------..----.--.-.--.---.-

100

/TRIBLOCKS/WR
PLOTBC,FTN
THIS PROGRAMS PLOTS THE BOUNDARY CONDITIONS SPECIFIED FOR 3D MODEL

REAL NINE32,NINEA

INCLUDE “(311,3)HDR, FTN’

COMMON/HDR/LNPT ,NTT ,NBPTC,NBFPTC,NSTREM,NPT ,NSELEM,NELEM,NODMAX,
¥NONZER,NQD,MATN,KTYPE,NMAX ,NSTIF,NTIME,NSTORE,NOUM, TITLE(202),
#0P1,DP2,0P3,0P4,NP%,DP6,0PT,DP89,0P10,DP1,DP12,0P13,0P14,0P1S,
#DP16,DP1Y,DP18,NTSURF ,NESURF

INCLUDE “(311,3)P31,FTN?

COMMON/PSI/NSTEDY,ITOTAL,NQWCP,NQ,MNTRY,ITT,NHBOND,NFDUM,TT(T72),
#DETATIL(22)

DIMENSION Xx(1283),YY(1282),2Z(12882),Y0(R2),A(2),NODB(TeS),
+BIV(768) ,CONCEN(T),FILE(?),XD(2),TDATA(20),IDENT(T68),

T #NUM(2S5eD), TIME(Q)

DATA TIME/’TIME?,* STE’,*p ,’ vy

WRITE (2,n) "PLOT TITLE MAXIMUM OF 80 CHARACTERS !
READ (2,180) TDATA

WRITE (2,%) ’ENTER FILE=Q DISK uUNITY

READ (2,#) IUN :

IF (IUNGNE.3) CALL ASNLUN (1,°0P7,TUN,ISTAT)

CALL DPFILE (1,°nESCRIP’,25,:IPTRY)

CALL DPR (IPTR1,8,:LNPT,92,)

CALL DPR CIPTR1,1,,NUM,2560,)

CALL DPR (IPTR1,14,,IDENT,768,)

CALL DPFILE (1,°DTANDQS’,DPS,IPTRS)

CALL OPFILE (1,"BOUNDCOND’,DP7,IPTRY)

CALL OPR (IPTRS,0,,NSTEDY,188,)

1F (NHBOND,.EQ,@) GO TO @0

WRITE f2,%) °VARIABLE HELDBC~ PLOTALL(w®) OR SPECIFIC(msTIMESTEP)*
READ (2,%) ISTEPS

IF (ISTEPS.EQ,0) ISTEPS = ITOTAL

CALL DPR (IPTR7,0,,N0D8,768,)

CALL DPFILE (1,’XYZCOR’,DP3,IPTRY)

CALL DPR (IPTR!,U.,ZZ,ZS&D.)

CALL DPR (IPTR3,20,,XX,2%60,)

CALL DPR (IPTR3,dn,,YY,2%508,)

WRITE (2,%) ’*PLOTTING SCALE = (1)YHORIZONTAL (2) VERTICAL®
READ (2,v) FACTOR,FACTZ

WRITE (2,%) *ENTER PLOTTING DEVICE @»T6G jeXy 2sDISK®
READ (2,#) IDEV

IF (I1DEBV,EQ,0) CALL ASNLUN (3,°71G7,0,]I8TAT)

IF (IDEV,.EQ.1) CALL ASNLUN (3,°XxY*,0,18TAT)

IF ¢IDEV,NE,2) GO TO 118

CALL ASNLUN (3,°DP°*,2,I8TAT)

WRITE (2,%) “ENTER PLOTFILE NAME’

READ (2,189) FILE

N = ICHRCFILE)

OPEN (UNIT®3,NAMERFILE, TYPER’NEW?,FORMR*UNFORMATTED")
FIVES = S,/8,

NINE3R = 9,/32,

CALL PLOTS (90,,0,,3)

CALL NEWPEN (NPEN2)

WRITE (2,e) °NBPTC*,NBPTC

IBEG = §
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PLOYBC,FTN /TRIBLOCKS/WR

2047 1F (ISTEPS,NE,@) IBEG s ISTEPS
#048 DO 178 ITeIBEG,ISTEPS

8049 TF (NHBOND.EG,1) CALL DPR (IPTRS,(ITei)wb,¢1821,,BlV,NBPTCe2,)
v0So IF (NHBOND,EQ,B) CALL DOPR (IPTR7,3,,BIV,NBPTCe2,)
P05} LAST = 999

00%e MRR » @

2083 MAX = 1280

90%4 XMIN & 1,E18

00583 YMIN = 1,E18

00%6 DO 142 Iwy,NBPTC

pos? J = NODB(I)

2058 IF (J,FQ,@) GO TO 1%5M

2059 NR & (J=1)/MAX

e060 I? (NR,EQ,NRR) GO TO 120

T T ADO » NR#iB,

ope2 CaLL DPR (IPTR3,@,¢ADD,2Z,2560,)
2063 CALL OPR (IPTR3,28,¢ADD,XX,2%60,)
0064 CALL DPR (IPTR3,40,¢A00,YY,2%5640,)
eoss MRR ® NR

2066 120 N » NUM(D)

eo6Y JJ » JeNR#MAX

LT ] ADD ® 2Z(JJ)#FACTZ

naes X ® AXCJJ)*FACTOR

eoTe Y = YY(JJ)*FACTOR#ADD

eQTt IF (X,LT.XMIN) XMIN = X

core IF (Y,LT,YMIN) YMIN = ¥

eors NP s MOD(N,1000)

0074 IF (NP NE,LAST) GO TO 130

oers CALL PLOT (XSAVE,YSAVE,Y)

P076 CALL PLOT (X,Y,2)

eoT? 130 XSAVE = X

eera YSAVE s ¥

0979 CALL SYMBOL (X,Y,,07,1,0,2,=1)
®0o82 AJ a N

eoay X = X¢,08

LT F) CALL NUMBER (X,Y,,27,AJ,0,0,=1)
PoR3 X ® Xe2,3

0o84 AJ « BIV(I)

006S CALL NUMBER (X,Y,.07,AJ,0,0,1)
8086 LAST & NP

2837 140 CONTINUE
221} 159 N = ICHR2(TOATA)

L9 YMIN & YMINel,®

2090 CALL 8YMBOL (XMIN,YMIN,,@7,TDATA,Q,0,N)
[-I"K B! IF (NHBOND.EQ,D) GO TO 162

2092 CALL 8SYMBOL (XMIN,YMIN=,2,,27,TIME,0,0,9)
2093 AL » I7

0094 CALL NUMBER (1,0,YMINel,,,07,AL,0,0,1)

2098 160 CALL PLOTND
2096 170 CONTINUE

2097 sT0p
eo9e 180  FORMAT (2844)
2099 END

PROGRAM SECTIONS
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/TRIRLOCKS/NR

LP1ePLOTBE

PLOTBC,.FTN
NAME size
SCODESY Q02372 636
SPDATA QOSSR 181
SIDATA 000562 189
SVARS 268420 13448
STEMPS QQQQ2A4 2
"~ HDR pea274 94
P31 2pa%70@ 188

12151131 160CT=T79 _ PAGE 3

ATTRIBUTES

RW,I2CON,LCL
RW,0,CON,LCL
RW,0,CON,LCL
RwW,0,CON,LCL
RW,0,CON,LCL
RW,0,0VR,GBL
Rw,D,0VR,GBL

| TOTAL SPACE ALLOCATED s #71a34 {4734
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PLFLUX,FTN /TRIBLOCKS/WR
c PLFLUX,FTN
(oL Y N Y L P P P Y PR Y TR Y Y P T P Y Y P Y Y R P Y P Y PP Y YL Y Y Y Y Y )
c PROGRAM YO PLOT SURFACE AND PRESCRISED FLUX RATES IN VARIOUS LAYER
L L Y T P L P P Y P Y P T LY L Y T P P P LY T Y PP YT T T Y T Y P LT Y
Pent PEAL NINE32,NINES
eegn2 COMMON/HDR/LNPT ,NTT,NBPTC,NBPPTC,NSTREM,NPT,NSELEM,NELEM,NODMAYX,
*NONZER,NQY ,MATN,KTYPE,NMAX,NSTIF,NTIME,NSTORE,NDUM, TITLE (22)
eees DIMENSTION XX (602),YY(680),NOD(16),INC16),MIXNOD(A),
*XMID(S00),YMIO(S@R) ,NAME(SDBO) ,MCCLR),LLCTY),ZZ(Y),YDCR),ALR),
+ CONCEN(?),FILE(Y),XD(2),Q(49002),DETAIL(20)
eedaq WRITE (2,%) “TYPETITLEOFPLOTMAXIMUMOFSBCHARACTERS®
epes READ (2,480) DETAIL
0ede WRITE (2,%) *SURFACEFLUX(=B3)ORELEMENTPLUX(®Y) ¢
oot READ (2,w%) NFx
Ppna IF (NFX,EQ,®) GO TO 120
¢ PLOTTING THE SUMQ VALUES ,
0029 OPEN (UNIT=4,NAMEW’STRESS ,CRD*,TYPE#’OLD®,READONLY)
oeio WRITE (2,%) "NYEAR,NMAT(isGLACIAL,2eMAGOTHY)”
POy READ (2,%) NYEAR,NMAT
o092 DD 100 Key,NYEAR
2013 READ (4,110) Q
o814 IF (NYEAR,EQ,XK,AND NMAT,EQ,1) GO TO 130
0a1s 140 READ (4,110) @
121 ) G0 T0 139
saly 112 PORMAT (12F10,0)
ae18 129 WRITE (2,%) °“ENTER THE FILE=Q DISK UNIT*®
0219 READ (2,¢) IUN
0320 IF (TUNGNE,3) CALL ABNLUN (1,°0P%,JUN,I8TAT)
ea2y CALL DPFILE (1,’DISCRIP’,2%,,IPTRY)
opae CALL DPR (IPTR1,Q,,LNPT,58,)
2223 CALL DPFILE (1,°DTANDOS?,1301,,IPTRY)
o024 CALL DPR (IPTRS,1p01,,Q,800,)
oges 132 WRITE (2,+) °ENTER INPUT FILE Namg!
[of T e Y L Y T T Ty T Ty Y R g N Y T P T Y P P Y T
c TH1S FILE 18 THE SAME A8 USED FOR 3+D FINITE ELEMENT SOLUTION
c’---.----------.--.----.---.-.----.---.Q.--.--..-...--..-.--.--.-.---.-
026 READ (2,499) FILE
oe2y N = ICHR(FILE)
oo2s OPEN (UNITaS,NAMESFILE,TYPEw’OLD’,READONLY)
npasy WRITE (2,%) “NPRINT(O,1),NELEMP(BsNO,1nYES)*
o030 READ (2,%) NPRINT,NELEMP
c-----.-----.---.-----...o---.---.-.------------.--.-.-..--.-'..-.--'-.'
c FACTOR » CONVERSION FACTOR IN ADDITION TO "XYCONV™ PFOR Xe AND Ye
g COORDINATES,
ee3| WRITE (2,#) "FACTOR’
Pa32 READ (2,%) FACTOR
o033 WRITE (2,%) °NPEN{,NPEN2,NPEN3’
on3a READ (2,%) NPEN{,NPEN2,NPENS
2035 PRINT 2, * HORIZONTAL PA&CTQRe’,FACTOR
ea%e WRITE €2,#) "ENTER PLOTTING DEVICE @sTG feXY 2spISK’
ea3y READ (2,4) IDEV
2038 IF (IDEV,EQ,P) CALL ASNLUN (3,°76°,8,18TAT)
2039 IF (IDEV,EQ.1) CALL ASNLUN (3,°XxY*,0,18TAT)
oaae IF (IDEV.NE,2) GO TD 140
[J. L3} CALL ASNLUN (3,°hP’,q,18TAT)
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FORTRAN IVePLUS vO2+31D 12183118 16=0CT=79 PAGE 2
PLFLUX.FTN

eea2
o043
0043
B82as
eeae
oeay
2048
eQas
0SS0
20514
e0s2
0es3
02%4
e05s
oese
eesy
2058
20%9
2060
2061
vese
21} ]
0064
ones
2066
eaer

0068
og69
oeve
807y
aare
onTs
8074
anrs
pave
navy
fers
2079
onaq
20814
o8
29483
084
-I'.1.1]
[ J.X.T
aoay
Q088
L1
2090
om9y
2092
AQ9%
2094
209y
(L]

140

150

160

170

180

190

200

220

/TRIALOCKS/WR

WRITE (2,%) *ENTER PLOT FILE Name’

READ (2,4%0) PFILE

N s ICHR(FILE)

OPEN (UNIT=3,NAMESFILE,TYPEs’NEW®,FORMe*UNFORMATTED?)
Fives s S,/8,

NINES2 = 9,/32,

CALL PLOTS (0,,0,,3)

CALL NEWPEN (NPEN2)

YOC!) & FACTOR#G90200,0

CALL PLOY (YD(2),YD(1),R)

YD(2) = FACTOR# {38200,

CALL PLOT (YD(2),Y0(1),R)

YD(4) = 2,0

CALL PLOY (YD(2),YD(1),2)

YD(2) = 0.9

CALL PLOY (YD(R),YD(1),2)

READ (5,480) YITLE

READ (S,860) NZELEV,KTYPE,PERCON,XYCONV,ZCONV,HCONV,NSEA
READ (9,470) NSEC

IF (NSEC,NE,B) GO YO {602

READ (%,49@) DUMMY

GD TO 1%@

READ (%,380) NSEC,K,X,Y,NTT,BED,NBB,LMAX, (LLCJ),22CJ), el ,LMAX)
IF (NSEC,NE, @) GO TO 188

IP (NPRINT.NE, @) PRINT 173, K,X,Y,LMAX, (LLCJ),22CJ),Jnt LMAX)
FORMAT (° K?,14,° N?,F8,2,7 Y°,F8,2,° LMAX®, 13,7 LLe22°,/7(1%,F8,!)
*)

IF (KTYPE,EQ,2) READ (5,890) (CONCEN(J),Jel,LMAX)
AXCK) & NaXYCONVaFACTOR

YY(K) w YaXYCONywFACTOR

NTY & NTT¢Q

60 TO 160

READ (9%,870) NSEC

IF (NSEC,EQ,0) GO TO 180

IF (NSEC,EQ,3,0R NSEC,EQ.4) GO YO 180

00 430 IFwi,$0000

CALL NEWPEN (NPENS)

X s 0,0

Y u 0,0

00 190 Jsi,ié

NOO(J) = B

READ (9,%00) NSEC,NE,N1,NN, (NOD(J),Jui,NN)

IF (NBEC,NE,@) GO YO 442

IF (N{,EQ,0) READ (S5,518) (MIXNOD(J),Jni,4)

J e

INCJY = NODC(Y)

1F (NOD(9).EQ.@) GO YO 270

J u Jey

INTJ) = NOD(9)

IF (NOD(%).EQ.@) GO YO 210

J s Jet

INCJ) = NOD(S)

TF (NOD(10),.EQ,8) GO TO 229

J s Jet

INCJ) = NOD(1Q)

J = Jat
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FORTRAN Ive=PLUS VO2=51D 12183116 16=0CTe79
PLFLUX.FTN

0297
0e9s
2099
f1Pa
o1/
2102
e103
2194
2103
0106
2107
2128
e1e9
21t2
0111
0112
o113
2114
2115
0116
2117
2118
0119
9120
9124
nie2
0123
0124
2128
n126
0127
0128
#4129
e1%e
@13¢
0132
0133
2134
0135
2136
0137
0138
0139
@149
014y
2142
0143
2144
214s
@148
o1ay
miag
2149
o150
a1%y
n1%2

230

240

259

269

279

280

298

00

3109

320
330

3490

3150

/TRIBLOCKS/WR

INCJ) » NOD(2)

IF (NOD(15),EQ,@) BO YO 230
J e Jef

INCJ) = NOD(LS)

IF (NOD(R).EQ,@) GO TO 240
J = J2

INCI) = NOD(8)

1F (NOD(16) ,EQ,2) GO TO 230
J s Jet

INCJ) » NOD(16)

J s Jot

INCJ) = NOD(S)

IF (NOD(12).E9,0) GO TO 260
J = Jet

INCYY = NOD(312)

IF (NOD(6).EQ,R) GD TO 270
J s Jef

INCS) = NOD(6&)

IF ¢NOD(11),.,EG,2) GO YO 280
J m Jet

INCJY = NOD(11)

J = Jef

INCJ) = NOD(A)

IF (NOO(14),EQ,2) GO TO 290
J u Jeot

INCJ) = NOD(14) ,

IF (NOD(?7).EQ,B) GO TO 300
J v Je

INCJ) = NOD(T)

IF (NOD(13),.EQ,2) GO TO 310
J s Je

INCJ) = NOD(13Z)

LAST = J

CALL NEWPEN (NPENY)

J s INCLAST)

IF (NELEMP,.EG,0) GO YO 3302
CALL PLOT (XX(J),YY(J),3)
NO 320 Iwy,LAST

J = INCI)

CALL PLOT (xX(J),YY(J)2)
CONTINUE

PO 42@ Te§,NN

K s NOD(I)

I* (XK.EQ.Q) GO TO 429

1 (1,.67.4) GO TO 390

BETA = 2.0

MMM ® N{

1F (NY NE,OB) GO TO 349
MCODE = MIXNOD(I)

MCC(1) = MCODE/100

MCC(2) ® MCODE/1@eMCC(l)el0
DO 380 LTey,2

IF (N1,EQ,8) MMM = MCC(LT)
G0 TO (3%99,360,370), MMM
BETA = BETA+2,S

GO Y0 A9
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FORTRAN IVePLUS VB2+S1D

PLFLUXLFTN
2153 Y60
21%4a
21%s 370
8156 38@
0197
21%4
n189 902
0160
2161
o1e2 400
2163 AL0
0164
9169
0166 (31
2167
0168
c
c
c
0169
o170
LERAl
2172
273
0174
Q17s
2176 430
2177 aae
2178
8179
3 E.1"]
0181
n182
2183 452
M184a LYY
2188 a19
2186 480
0187 a90
2188 500
2189 510
0192
PROGRAM S8gCTI0
NAME SI
SCODE] QpP%4%6
SPDATA 2026s4
SIDAYA QnES576
SYARS P2T03%6
STEMPS apoORR2
HDR 33164

12153116 16-0CT~79 PAGE 4
/TRIRLOCKS/NWR

BETA 2 BETA=Q,S

GO TO %éa

BETA = BETA«FIVES

CONTINUE

FACT = BETAwD .25

60 Y0 aie

IF (1,67,8) GO YD 400

FACT » 0,9%

RO YO 410

FACT o NINE3R

IF (K.LE,B,0R,XK,BT.600) PRINT w, *K*,K,IE, (NODCJ),Je1,NN)
X = XeXX(K)WFACY

Y u YevY(K)nFACT

CONTINUE

CALL NEWPEN (NPENQ2)

AJ s NE

X s X » .18

IF(NE,GT,9)X m» X «,08
IF(NE,GT,180)X = X « 078

c‘LL NUMBER (I.Y,.US,AJ,D.B.-U
1F (O(NE),EQ,2,2) GO YO 430

QJ = Q(NE)#36500

IF (NFX,NE,2) OJ = Q(NE)

Ys Y-.l

CALL NEWPEN (NPENR)

CALL NUMBER (X,Y,,07,0J,0,0,1)
CONTINUE

NELEM = IE={

PRINT w, NELEM,°TOTAL ELEMENTS’
N = ICHR2(DETAIL)

CALL SYMADL (,2).2:,07/DETAIL,0,0,N)
CALL PLOTND

SToP

FORMAT (204A4)

FORMAY (215,4r12,0,1%)

FORMAY (11)

FORMAY (11,10,4F10,2,315,/72(8(r8.1,1%)/))
FORMAY (16F5,0)

FORMAT (11,14,1515/1618)

FORMAT (1619)

END
NS
4 ATTRIBUTES
14314 Rw,1,CON,LCL
218 RwW,0,CON,LCL
19 RW,0,CON,LCL
5903 RW,D,CON,LCL
1 Rw,D,CON,LCL
L1] Rw,D,0VR,GRL

TOTAL SFACE ALLOCATED e 036364 7802
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10.0 SIMPLE ILLUSTRATIVE EXAMPLES OF INPUT DATA AND
EXECUTION OF FE3DGW

10.1 GENERAL

To aquaint users with the options and input data for FE3DGW and its
interactive execution, four examples with various combinations of boundary
conditions are expounded upon using one simplified element. Extention of the
problem, accomplished by addition of further elements, is illustrated in the
fifth example using four radial elements with three layers. The following
discussions include usage of the FE3DGW programs for estimation of hydraulic
head. For the supportive programs, user's manuals are described in
Chapter 8.0.

The PDP 11/45 computers provides the option of installing a task,
designated by three letters. The subprograms of FE3DGW, which are used
repeatedly, are installed as PR1, PR2, BND, P3I anmd PR3 corresponding to the
subprograms, PROG1, PROG2, BAND, PROG3I, and PROG3 respectively (Table 10.1).
Subprogram PR1 and P3I require an input file in addition to interactive
input. The PR1 input file contains titles, conversion factors, material
properties, nodal coordinates, boundary conditions and element details
(Figure 8.1). P3I reads (Figure 8.2) the options for steady state or
transient simulation, time steps for transient solution, surface and element
source/sink terms (time invarient or variant) and also the option to define
time varient held boundary conditions. For all the illustrative examples, the
input files for PBI (designated with extension ".PR1") and PR1 (designated
with extension ".P3I") are included along with copy of the interactive input.

10.2 LINEAR ELEMENT WITH HELD BOUNDARY CONDITIONS AT TOP AND BOTTOM

This example illustrates the use of a two dimensional surface with
vertical logs to generate three-dimensional elements (Figure 10.1). Each
material layer constitutes an individual three-dimensional element. In this
example, the surface element (100 ft x 100 ft) is defined by four nodes,
1(0,0), 2(100,0), 3(100,100), and 4(0,100) and the vertical log at each node
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HELD POTENTIAL (498 FT)

SCALE
2.2 20 40
L L J

VERT. SCALE
o

FIGURE 10.1. Linear Element 4 Layers with Held B.C. At. Surface and Base
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TABLE 10.1. Copy of Terminal Output for Installation of Tasks

MCR>INS DF1:[311,3]IPROG1/TASK=,..FR1
MCR>INS DF1:[311,31IFPROG2/TASK=...FPR2
MCR>INS DP1:[311y31BAND/TASK=.. END

MCR>INS DP1:[311,31PROG3I/TASK=...F3I

MCR=INS 5%13E31113]PROG3/ThSK=...PR3

is described by four material layers (5 interfaces). The node numbers
assigned to the base of each log are 4001, 4002, 4003, and 4004 (see

Figure 9.3 for details). The total hydraulic head at the surface (nodes 1

to 4) correspond to the surface elevation, 400 ft and similarly, the hydraulic
head at the base of the last element (nodes 4001 to 4004) is held at 0 ft.

Table 10.2 is the input data file (LINEAR.PR1) for PR1. For the steady
state solution, the input data file, HSTEADY.P3I (Table 10.3) is used in P3I.
Table 10.4 illustrates the interactive input stream required to run FE3DGW.
Table 10.5 and 10.6 illustrates the output of PR1 and PR3.

The transient simulation of this problem is obtained by using
TRANSIENT.P3I (Table 10.7) in P3I and then executing PR3 (Table 10.8).
Because TRANSIENT.P3I specifies variable time steps, PR3 executes the
subroutines ELEMAT (element matrix), SYSMAT (system matrix), MREAD (creating
file for equation solver), UPPERT (decomposition into Upper Triangle), BVALUE
(right-hand B vector estimation for AX = B system), BACKSUB (back
substitution) and HWRITE (updation simulation results and printing) for each
time step.

Alternatively, transient solutions can be obtained by using constant time
step in PR3. The formation and decomposition of the system matrix is done
only once, because the resultant system coefficient matrix remains the same in
a constant time step. The solution is obtained by estimation of the right
hand vector (BVALUE) and back substitution (BACKSUB). Only the results, which
match with the elapsed time steps specified in P3I are saved on the Disk. The
interactive execution of the transient case with a constant time step is given
in Table 10.9.

10-3



TABLE 10.2. One Linear Element (LINEAR.PR1)

FILE NAMEs LINEAR PR}

LINEAR ELEMENT a4 LAYERS WITH HELD B,C, AT, SURFACE AND BASE

| g 1,@ 1,8 1,9 1.9
e 1 IMAGINARY MATERATL WITH ALL PROPERTIES FAUAL D UNITY
1.0 1,0 1.0 029 .200001 9,0 000001  ,P20U0R1
? 2 IMAGINARY MATERIAL WITH ALL PRUPERTIES EQUAL TO UNITY
1,0 1.0 1.9 1] 0a0a01 .0 «000R31 0000001
e 3 IMAGINARY MATERIAL WITH ALL PROPERTIES ENUA|L TO UNITY
1,0 {1, 1,9 .28 200901 @.0 ELTLE .N020001
[ 4 TMAGINARY MATERIAL WITH ALL PROUPERTIES EQUAL TD UNITY
1,0 1,2 1.9 o ?5 000041 7,0 008001 000301
0 S IMAGINARY MATERIAL WITH ALL PROFERTIES EQUAL TO UNITY
1,0 1,9 1.2 o 25 240NN 0,2 «AN0Q01Y r200021
1 1SWITCH FOR NODAL DATA AND END OF PROPETIES
2 1 0,2 Med 2,9 0,0 1 ] 21
420,@ 2102 347,90 2203 200,93 A¥34 100,79 OQaQQ 0.0
[+ 2 1v0,9? 7,9 2,9 [y 1 5 at
apa,0 @ta2 3sa,0 0283 200,00 A3N4 10R,0 G4DO ",0
3 1em,0 100 ,0 ] 0,9 1 5 21
403,24 @192 3on,0 Q203 200, Q324 108,80 0400 2,90
2 a4 »n,Q 1Ro,0 2,0 2,0 1 s oy
3p0,.0 0192 3lam,0 Q243 200, @384 100,90 Q400 2,0
{1 aon,@
2 tep,p
3 400,02
4 4o,
33291 2,0
24002 0,0
4203 2,2
Pa0p4a 2,0
3
[ 1 1 q 1 2 3 q
] JSNITCH FOR END OF NDATA

TABLE 10.3. PROG3I Input File (HSTEADY.P31) for Steady State Simulation

FILE NAMEw HSTEANY,P3]

- ExaSTEANY STATE FLOW semm SURFACE AND ELEMENT FLUX s 2,0
pnos;r PI; SIE { " 2 @JNSTEOY, ITOTAL,NQWTP NG, MNTRY,NHBOND, NTEXP
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TABLE 10.4. Interactive Execution of Steady State Using LINEAR.PR1
and HSTEADY.P3I

MCR:>FR1
ENTER FILE-Q DISK UNIT
2

ENTER INFUT FILE NAME

LINEAR.FR1

NPRINT(0,5) rNFINCH(O=MISSING MATERIAL BY WEDGEDR ELEM,1=0THERWISEY
3&2” FROBLEM(=0) OR INFUT MODIFICATION(=1)

?..PRI -- 8TOP

MCR*FR2

ENTER FILE-Q DISK UNIT

ENTER PRINT OFTION (O0r1.2)

0

++ o FPR2 — STOF

MCR>BND

ENTER FILE-Q NISK UNIT

2

ENTER FRINT OFTION(O»1:2)
0

+e+«BNDl  ~-  STOF

MCR>FJ3I

ENTER FILE~Q DISK UNIT
s

ENTER INFUT FILE NAME
HSTEADY.F3I

ENTER PRINT OPTION(Oy1,2)

0

NEW TITLE(1=Y,0=N)
0

NSTEDY 0 ITOTAL 0 NQUWCF 1 NQ 1 MNTRY 0 NHBOND

0O NTEXF 0
v o3I -~ STOP

MCR>FR3
ENTER FILE-@ DISK UNIT
2
FRINT OFTION (NORMAL= 1» FOR DEBUG = 2 » NO OUTFUT=0)
NEBEGIN(NORMAL= 1 AND FOR RESTART = SUBROUTINE IN MAIN)
IT=TIME STEF TO START (NORMAL=1,RESTART=TIME STEF)
NDTG = OUTFUT DIGITS AFTER DECIMAL IN "F" FORMAT
NCONS = 0 FOR TIME STEFS READ IN FROG3I
= 1 FOR CONSTANT TIME STEF FOR COMFUTATION

NFRINT(O»1»2) s NBEGINC1s2+y3949S59v497)»IToNDIG,NCONS
1s1v1+2+0

IS EXFECTED RAND WIDTH TO BE MORE THAN 252(¢1=Y,0=N)
0

NREGIN 1 NFRINT 11T 1
ELEMENT MATRIX COMPLETED

SYSTEM MATRIX FORMED

MREAD SUEROUTINE COMPLETED

UFFER TRIANGLE DECOMFOSTTION DONE

B ESTIMATION DONE

BACK SUR IONE

Vo oFR3 - STOR

MCR:
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TABLE 10.5. PROG1 Output of LINEAR.PR1

TIMEs 19153138 OATEs {3~3EP=79

PRURGRRUDRNRAENANUAROENERLARARAERRARORARAEREONRUNANANARERVORRRRRBARANRARRRACVENARRNRURBARABANARPORRABRURRARNRUNNIRERENS
LINEAR ELEMENT 4 LAYERS WITH NDDAL PFLUX AT SURFACE AND HELD B,C, AT BASE

NORQRRENNNVNREEDRBEPUNNNERREERNNRRUNRARORROARNNSRERARANBUENRNARARRORANGRRIRRERRRERERANRRNRNBNNRNRABURBUNORRIRARNANOIRGNNS

VALUES OF CONVERSION FACTORS SPECIFIED

(I Y Y P Y Y P L P PN P P Y L L L Y P P P R L L PP P Y LY AL P Y Y PR P2 L P LY P R Y R P R AR PR L PR L Y YL Y DY Y P Y LY YY)

CONVERSION FACTOR POR PERMEABILITY DATA 1,0000
CONVERSION FACTOR FQR XY=COORDINATES 1,0000
CONVERSION PACTOR FOR Z=COORDINATES 1,0000
CONVERSION FACTOR FOR HEAD(BOTH INITIAL AND B,C,) 1,00
KTYPE = [

FLAG FOR CONTROLLING THE LEVEL OF PRINT QUTPUTs 2

(Z XY Y L L PR L P P P Y L LR R L P A I I R P L P P e Y X L T P P P L T P PR L A LR L LR R L D R DA D AL DL DL L L L L LY}



TABLE 10.5. (contd)

PROPERTIES FOR MATERIAL 1 [TYIYTTT]

TMAGINARY MATERAIL WITW ALL PROPERTIES EQUAL TQ uNITY

Kexs 1,20a0Q (WAL
KoY 1.02000 LY
Kel® 1,20000 T
THETA® d,230000

MEDTUM COMPRESSIBILITY 2,100000E=39 t/L
FLUID COMPRESSIBILTY 23,100000€05 1/L
REFERENCE PRESSURE WEAD OF THETA 3,20 L
SPECIFIC STORAGE COEFFs 2,100002E=06 1/L

PROPERTIES POR MATERIAL H (TIITITY]
IMAGINARY MATERIAL WITHM ALL PROPERTIES EQUAL TO UNITY

Kexe 1.,30800 LY
KeYe 1,000829 (WA
Kels 1,30200 (WA ¢
THETAS 2,290000

MEQIUM COMPRESSIBILITY 2,100000€E.05 1/L
FLUID COMPRESSIBILTY 2,102000€-09 t/L
REFERENCE PRESSURE MEAD QF THETA 3,00 L
SPECIFIC STORAGE COEPFe 0,120¢02E=206 /L

PROPERTIES FOR MATERIAL 3 (TIXITY])

IMAGINARY HMATERIAL ~ITW ALL PROPERTIES EQuAL TO UNLTY

KeXe 1,3a020 (WA
Keys 1,20080 wr
Knls 1,20M00 (WA ¢
THETA® 2,250000

MEDIUM COMPRESSIBILITY 2,1000M0E=025 /L
FLUIQ COMPRESSIBILTY 0,100000E+25 1/L
REFERENCE PRESSURE HEAD OF THETA 0,00 L
SPECIFIC STORAGE COEPFs A,100000E-06 /L

PROPERTIES FOR MATERIAL 4 ssassess

IMAGINARY MATERTAL WITH ALL PROPERTIES EQUAL TO UNITY

KeXs 1,00008 LY
KeYa {,00000 WY
Kelw 1.,809220 (VA4
THETAS 2,230009

MEDIUM COMPRESSIBILITY 2,102000E=0% /L
FLUIO COMPREGSIBILTY T.100800Ee85 14
REFERENCE PRESIURE HEAD OF THETA .20 L
SPECIFIC 3TORAGE COEFFs 2,100200€-06 /L

PROPERTIES FOR MATERIAL 9 nsa808

IMAGINARY MATERIAL WITW ALl PRQPERTIES EGUAL TO UNITY

KwX® 1,20000 (WA 4
KeVa 1,30000 (WA
Kels : 1,200090 T
THETAR 2,2%0000

MEOIUM COMPRESSIBILITY 2,108000€+0% 1/L
PLUID COMPRESSISILTY 2,100000E~025 1/L
REFERENCE PRESSURE WEAD OF THETA 2,@9 L
SPECIFIC STORAGE COEFFs 3,100000€-06 /L
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TABLE 10.5. (contd)

.--------------..-.---..--...'.-.-.-.-...-.---......--.-------..-.-.------.-------'-..--.-.!---..--...-.---.-...--.-----
COORDINATES AND OTHER DETAILS OF EACH NODE

INTERNAL USER x=C0ORD, Y«COURD, 1=CO0RD, INITIAL TEMP C DEG RHO XMEW CONCENTRATYION FACTOR
NODE ¥ NODE ¥ HEAD PPM

1 f,a ] 4en,0 n,
2 10,9 2 q0a,0 2.
3 122,9 tue,e anp, a,
Q a,n 190,90 420,02 ”,

S99

- -
O -

TOTAL NNDES IN SYSTEMs 20
NUMBER OF SURFACE NODES
MAXTHUM MUMRER ASSIGNED TO THE SURFACE NODE

&

[y e T e T Y T R T R R R R R P R R RN P DL L L L R L L L A R L L L L L L Ll b L el Ll Ll l bl bl bdadadl

TOTAL NUMBER 0OF NODES WITH PRESCRIBED HEAN B, C,AREs 4

NONES 491 HEADSs 2.23 NODES 49A2 HEADe 2,90 NODEs 4003 HEADs 0,00 NODE# 4@04 HEAD® 2,29
NQODE®

TOTAL NUMHFR nf NODES WITH FLUX R C,.= a

NODE # t Fluxe B, 357F+24 NONES# 2 FLiXwe D ,250E+Q4 NODES# 3 FLUX® P,25GE+04 NODER 4 FLUXs Q,P5AE£+048
NONF #

L T L L X L T e L F e T P Y P R P Y P Y P L P P P P R P R P I P P LT R L AL R Y P LR P L LY

ELEMS, 1 ORNER ONF  MATH® { TOTAL NODES 8 CORNER NOUDES ! 2 3 4 1791 1002 1003 1004
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TABLE 10.5. (contd)

TOTAL NUMBER NF YNKNNWNS AREm 16 THESE NDDES ARE AS GIVEN BELOM
| joay aany 3nay 2 tan2 2am2 inge 3 1003 2003 3¢03 a 1904 2noa
3ana

BOCARROAANNLORBARO NI ENRBENNBUNBARIR IR A BCRANN UG URPRBOB RPN NP ANED GRS N RS GRRURBRANRNNNU AR R NI AR ERNRBNO RN ERAAN RSN RNy

NIMENSIONS IN OTHER PROGRAMS HAVE TO RE SET FOR FOLLOWING MAXIMUM VALYES

TOTAL, NUMRER OF SURFACE NODES{NTSURF)s 4
MAXTIMUM NUMBER ASSIGNED TN SURFACE NODES(LNPT)wm 4
TOTAL NONES IN THE BYSTEM (NTT)s 20

THE FOLLOWING PARAMETERS ARE RELATED TO 8,C
TOTAL NUMBER OF PUYENTIAL B,C, PRESCRIBED (NAPTC)»
TOTAL NUMRER OF FLUX B8,C, PRESCRIBED (NBFPTIC)=
TOTAL NUMBER OF STREAMS R _C, PRESCRIRED (NSTREM)»

b~ - -3

THE FOLLOWING TWD PARAMETERS ARE RELATED TO STIFFNESS MATRIX
TNOTAL NUMBER OF UNKNQOWN(NPT)as 16
AR RIS R R AR RN R AR R R R LR A R E R I R R A S A A I T R T I R R R R A TR N R PR R R R R I R R AR R R R R ]

THE FNOLLOWING PARAMETERS ARE ASSOCIATED WITH ELEMENTS
TOTAL NUMBER OF SURFACE ELEMENTS(NESURF) =

-

MAX TMUM NUMBER ASSIGNED TO SURFACE ELEMENT(NSELEM)®
TOTAL NUMBER OF ELEMENTS(NELEM) =

MAXIMUM NUMRER OF NODES IN ANY ELEMENT(NODMAX)s
MAXIMUM NON=2ERQO NODES IN ANY ELEMENTS(NONZER) »

D mD -

THE FOLLOWING 18 RELATED TQ MATERIAL NUMBER ASSIGNED
MAXIMUN NUMBER ASSIGNED TO MATERIAL(MATN) » 5

22X SRR AR AR RS A R R AR S R A R Rz R R A R R R R R N R R L R R R F R R SR R R N R R R RS SRR RS R RN R YRR R ER Y} 1)

TIME= 13153142 DATE® 13«SE8Pa79
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TABLE 10.6. PROG3 Steady State Output of LINEAR.PR1

STEANDY KTATE SOLUTION

LINEAR ELEMENY 4 LAYERS WITH HELU B8,C, AT, SURFACE AND BASE

PRNGIT FILE««STEADY STATE FLOW === SURFACE AND ELEMENT FLUX = A,0

A T Y Y Y P L P Y P L P LRI T P P P A L R L P P R Y Y R e R L P P P Y P R L Y P P Y P L R Y Y P L P Y P R L R LR R R R L L Y

NODE DEPTH HEAD NOUE DEPTH HEAD NODE NEPTH HEAD NODE DEPTH HEAD

1 490 ,0 922,00 2 499,07 ann,ne 3 40,0 400,00 4 400,0 400,00
1001 300,0 Jon, 20 1292 300,90 Jen, 0@ 1023 320,09 3na,n0 1204 30,0 3@, A0
2%ay 20a,0 2uR,00 2302 ana,n 200,00 caes eae,n 200,00 20048 200,90 200, ea
3001 tra,0 100,00 3202 140,0 120,00 3003 109,72 190,008 3a04 190,0 180,00
401 oa,0au0 @,27 4402 N,0000 A M3 4703 @,.0%00 e,00 aen4 a,meQ0 2,00

TABLE 10.7. Use of TRANSIENT.P3I for Transient Simulation with
Three Variable Time Steps

FILE NAMEs TRANSIENT,P3L

TRANSIENTY SOLUTION OF PROALEM WITH SPECIFIED 4 TIME STEPS
3 { 1 Q 2 BINSTEDY,ITOTAL , NQ,NQWCP,MNTRY , NHBOND ,NTEXP

i
02445, 1,



TABLE 10.8.

MCR>F31
qENTER FILE-Q DISK UNIT

ENTER INFUT FILE NAME
TRANSIENT P31
1ENTEF\' FRINT OFTION(O,1+2)

ONEU TITLE(1=Y,0=N)

NSTEDY 1 ITOTAL 4 NQWCFP
O NTEXF 0
LIRS IF'BI - STOP
MCR>PR3

ENTER FILE-Q DISK UNIT

FRINT OFTION (NORMAL= 1» FOR DERUG
NEBEGIN(NORMAL= 1 AND FOR RESTART =

el

1 NQ 1 MNTRY

= 2 y NO OUTPUT=Q)
SUBROUTINE IN MAIN)

IT=TIME STEF TO START (NORMAL=1,RESTART=TIME STEF)
OUTFUT DIGITS AFTER DRECIMAL IN °"F° FORMAT

NDRIG =
NCONS

0 FOR TIME STEFS READ IN PROG3I
1 FOR CONSTANT TIME STEF FOR COMFUTATION

NFRINT(Or152)»NREGIN(1+2+3¢4»5,697)»IT»NDIG»NCONS

1»1,1+450

IS EXFECTED BAND WIDRTH TO RE MORE THAN 252(1=Y,0=N)
0

NREGIN 1 NFRINT 1 IT

ELEMENT MATRIX COMFLETED

SYSTEM MATRIX FORMED

MREAD SURROUTINE COMPLETED

UFFEF TRIANGLE DECOMFOSITION DNONE
B ESTIMATION DONE

BACK SUB DONE

TIMESTEF 1 ELAFSEDTIME
ELEMENT MATRIX COMFLETED
SYSTEM MATRIX FORMED

MREAD SUBROUTINE COMFLETED
UFFER TRIANGLE NECOMFOSITION DONE
E ESTIMATION NONE

BACK SUE DONE

TIMESTEF 2 ELLAFSEDNTIME
ELEMENT MATRIX COMFLETED
SYSTEM MATRIX FORMED

MREAD SUBROUTINE COMFLETED
UPFER TRIANGLE DECOMFOSITION DONE
B ESTIMATION DONE

BACK SUR NONE

TIMESTEF 3 ELAFSEDTIME
+eoFPR3 -  STOF
MCR
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TABLE 10.9. Interactive Transient Execution of PROG3 with
Constant Time Step

FR3
ENTEF FILE-Q DISK UNIT

2

FRINT OFTION (NORMAL= 1y FOR DERUG = 2 ,» NO OUTFUT=0)
NEBEGIN(NORMAL= 1 AND FOR RESTART = SUBRDUTINE IN MAIN)
IT=TIME STEF TO START (NORMAL=1,RESTART=TIME STEP)
NDIG = QUTPUT DIGITS AFTER DECIMAL IMN "F" FORMAT
NCONS = 0 FOR TIME STEFS READ IN FPROG31

= 1 FOR CONSTANT TIME STEF FOR COMFUTATION

NPRINT(Os1+2)yNREGINC1+2+3+4:5r6+¢7)yITyNDIGyNCONS
11,154,441
IS EXPECTEDI BAND WIDTH TO BE MORE THAN 252(1=Y,0=N)

0

CONSTANT DELTAT

01

FROG3 COMFLETEN LAST TIME.THIS IS RERUN
NBEGIN 1 NPRINT 117 1

ELEMENT MATRIX COMFPLETED

SYSTEM MATRIX FORMED

MREAD SURROUTINE COMFLETED

UPFER TRIANGLE DECOMPOSITION DONE

R ESTIMATION DONE

BRACK SUER DONE

E ESTIMATION DONE

EACK SUR DONE

TIMESTEF 2 ELAFSEDTIME 0.2000000
B ESTIMATION DONE

BACK SUFR IIONE

R ESTIMATION DONE

RACK SURBR DONE

R ESTIMATION DONE

RACK SUR DONE

TIMESTEF 3 ELAFPSERTIME 0.5000000
R ESTIMATION DONE

BACK SUR DONE

B ESTIMATION DONE

RACK SUE DONE

B ESTIMATION DONE

BACK SUR DONE

R ESTIMATION DONE

RACK SURBR DONE

B ESTIMATION IDONE

BACK SUR DONE

TIMESTEFP 4 ELAFSEDTIME 1.000000
B ESTIMATION DONE

BACK SUR DONE

TIMESTEF S ELAPSEDTIME 1.100000
++sFR3 -~ STOF
MCR
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10.3 MIXED ORDER ELEMENT WITH SURFACE FLUX AT TOP AND HELD POTENTIAL AT BASE

For illustrative purposes, this element is formulated with sides of mixed
order (Figure 10.2): one cubic (nodes 1,9,10,2), two quadratic (nodes 2,8,3
and 4,7,1) and one linear (nodes 3,4). Table 10.10 is a listing of the input
data file (MIXEDELEM.PR1).

- w » =/
N’.EN

SUAFACE INFILTRAATION (1 FT/DAY)

L
w
NN

@+ HELD POTENTIAL ( 8 FT)

SCALE

FIGURE 10.2. Mixed Order Element - Flux (Read in PROG3I)
At Top - Held Potentials at Base
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TABLE 10,10, MIXEDELEM.PR1 for Mixed Order Element

FILE NAMEs MIXEDF|EM PRI

MIXED ORNER ELEMENT « FLUX(READ IN PROG3I) AT TOP e WELD POTENTJALS AT BASE

1 f 1.0 1,9 1,0 1.0
[ 1 IMARINARY MATERAIL WITH ALL PRUPERTIES EQUAL TO UNITY
1,0 1.0 1,0 25 PN00a1 n,0 Srpant 20002201
] 2 TMAGINARY MATE®IAL WITH ALL PROPERTIES EQUAL TO UNITY
1,0 1,2 1.8 025 739201 R,0 200001 L LETE R
) 3 IMAGINARY MATERIAL wITH ALL PROPERTIES EQUAL TO UNITY
1,0 1.0 1,0 .25 HNA0001 0,0 020091 Jon000)
[ ] 4 TMAGINARY MATERIAL WITH ALL PROPERYIES EQUAL TD UNITY
1,0 1,8 1,2 .29 s2nenay N, 0 AuRany 2aranay
) S IMAGINARY MATERLAL WITH ALL PROUPERTIES ENUAL TO UNITY
1,0 1,0 1,2 25 2000091 3,0 007001 TR
1
e 1 e, A,@ 0,0 1,0 { 5 21
dan,. 0 A122 3Ifp.n @203 232,00 AING 100,00 G4RQ 2,0
? 2 1r0 2 R0 P,0 1.0 1 S o1
4a9. 2 mig2 3eo,0 2203 200,80 03A4 100,00 @anQ n,0
3 103,0 120,90 8,2 1,2 | - -1
430,80 0122 3oa,n Q203 20M,8 0304 100,09 0Ma0V 0,0
] 4 1,9 100,98 N0 1,0 1 S oy
apn,e MALe2  3Irp,n 2203 204,2 A304 100,29 P40Q 2,0
7 9,9 S6, 2,0 1,0 | ] 83
ana,e @122 320,00 92203 220,80 @324 100,00 Q4D 2,2
e 8 1em,32 . S58,0 n,2 1.0 | S 01
42,3 uie2 3IAn,A 0203 220,99 0304 100,00 Q@400 2,0
9 39,2 n.@ 0.0 140 ] 5 ot
40,2 QA2 dam,@ Q2R3 282,80 0324 10Q,2 Q4pe 2,0
2 12 09,9 ”,0 n,Q 1.0 1 5 ay
agn,m Qi@2 32n,d 72R3 200,08 0ING 100,00 Q400 ",0
2
24201 1,0
24002 1.0
04023 1.0
Q4a0a 1,2
a40a7 140
24208 1,0
24099 149
Qa0 1.0
]
? 1 a 10 1 2 3 4 ? ) 7 a 9 19
321 321 121 121
)

As regards the boundary conditions, base nodes (4001 to 4010) of the last
element are held at 0 ft elevation and the time invariant surface flux
(identical to infiltration) 1 cu ft/day/sq ft is entered in P3I using
QSURFACE.P3I (Table 10.11). Since unit hydraulic properties are assigned to
all materials, the resultant hydraulic head is also equivalent to the
elevation of the nodes. Table 10.12 illustrates the interactive solution of
this problem.
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TABLE 10.11. QSURFACE.P3I for Surface Flux

FILE NAMEs QSURFACE,P3T
PRESCRIBING SURFACE FLUX IN PROG3I
] ? 1 2 @

1.0, CONVERSION FACTOR
1.9, INFILTRATION OF ELEM#1 t, L/T

10.4 MIXED ORDER ELEMENT WITH HELD AND FLUX BOUNDARY CONDITIONS AT TOP AND
HELD POTENTIALS AT BASE

In finite element simulation of the ground water basin, along with a
specified surface recharge, one or two nodes of a element may be held nodes
(denoting a river, sea or lake shore). In FE3DGW the system matrix of the
nodes with unknown potentials only is formed. This permits use of the mixed
boundary conditions at the surface.

To illustrate the same, this example (Table 10.13 and Figure 10.3)
differs from the preceeding mixed order element by one more held node at the
top surface (node #1, head = 400 ft). The interactive execution is
illustrated in Table 10.14.

10.5 LINEAR ELEMENT WITH POINT SOURCE AT TOP AND HELD POTENTIALS AT BASE

This example (Figure 10.4 and Table 10.15) differ from the first example
by prescribing a point source of 2500 cuft/day at each of the top nodes
(1 to 4). Interaction execution is illustrated in Table 11.16.

10.6 RADIAL ELEMENTS WITH EXPONTIALLY INCREASING HORIZONTAL COORDINATES

For simulation of well draw down in a three layered system (one aquifer
between two aquitards), radial elements with exponentially increasing
horizontal coordinates are usually used.
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TABLE 10.12. Interactve Execution of Mixed Order Problem with
MIXEDELEM.PRI and QSURFACE.P3I

MCR*>FR1
ENTER FILE-Q DISK UNIT
2

ENTER INFUT FILE NAME
MIXEDELEM.FR1

NFRINT(O,5) »NFINCH(O=MIGSING MATERIAL BY WELGED ELEM»1=0THERWISE)
1,0

MEW FROBLEM(=0) OR INFUT MORIFICATION(=1)
¢

+esPR1 —--~  STOF

MUCR:>FR2
ENTER FILE-Q DISK UNIT
2

ENTER PRINT OFTION (0r1,2)
0
«soFR2 - STOP

MCR:RBNI
ENTER FILE-Q DISK UNIT

e

~

ENTER FRINT OFTION(Or1,2)
o]
...BNU m—— STUP

MCR:F31

ENTER FILE-Q DISK UNIT

2

ENTER INFUT FILE NAME
QSURFACE.F3T

ENTER FRINT OFTION(O»1+2)
1

NEW TITLE(1=Y»O0=N)

0
NSTEDY 0 ITOTAL O NGWCF 1 NG 2 MNTRY 0 NHBOND
O NTEXF [¢] '
v 0o o P31 - STOFR
MCR*FR3

ENTER FILE-Q DISK UNIT
2

FRINT OFTION (NORMAL= 1» FOR DEBUG = 2 , NO OUTFUT=0)
NEEGIN(NORMAL= 1 AND FOR RESTART = SUBROUTINE IN MAIN)
IT=TIME STEF TO0 START (NORMAL=1»RESTART=TIME STEF)
NDIG = OUTFUT DIGITS AFTER DECIMAL IN °*F°® FORMAT
NCONS = 0 FOR TIME STEPS READ IN FROG3I

= 1 FOR CONSTANT TIME STEF FOR COMPUTATION

NFRINT(Or1¢2) yNBEGIN(1929374955697)yITyNRIGyNCONS

1+1,1+250

IS EXFECTED BAND WIDTH TO EE MORE THAN 252(1=Y,0=N)
0

NEEGIN 1 NFRINT 1 IT 1

ELEMENT MATRIX COMFLETED

SYSTEM MATRIX FORMEDR

MREAD! SUBROUTIMNE COMFLETED

UFFER TRIANGLE NECOMFOSITION DONE
B ESTIMATION DONE

BRACK SUR NONE

+++FR3 -~~~  STOF

MCR:
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N
S

@ HELD POTENTIAL C O FT)

O= HELD POTENTIAL (489 FT)

SURFACE INFILTRATION (1 FT/DAY)

SCALE
0.2 20 40
L 1 J
VERT, SCALE
0.0 ZlN 'LP

FIGURE 10.3. Mixed Order Elem-Bottom and One Top Held Head -
Rest Surface Flux B. C.
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TABLE 10.13.

ELMIXBC.PR1 for Mixed Order Element with

Mixed Boundary Conditions at Surface

FILE NAMEs ELMIXAC PR

MIXEN ORDER ELEM«ROTTOM AND (ONE TOP HELD HEAND + RESY SURFACE

1 P 1,9 1,9 1,9 1,0
) 1 ITMAGINARY MATERAIL WITH ALL PROPERTIES EQUAL YO UNITY
1,0 1,2 1.0 023 00001 0,9
o 2 IMAGINARY MATERIAL WITH AL PRUPERTJES EQUAL TO UNITY
1,0 1,0 1,0 .25 .2000nY 2,0
2 X IMAGINARY MATERIAL WITH ALL PROPERTIES EOQUAL TD UNITY
{,2 1,0 1.9 25 R000R) 2,9
L] 4 IMAGINARY MATERIAL WITH ALL PRUOPERTIES EQUAL TO UNJITY
142 1.9 1.9 253 000001 2,3
a S IMAGINARY MATERIAL WITH ALL PROUPERTIES FQUAL TD UNITY
1.0 1,0 1,0 239 020pal 2.0
1
@ { o,0 A.0 0,0 0,0 | 5 0
ne0,2 o012 3A2,3 @203 200,84 n304 {00.m Q800 .0
a 2 1am,0 "y 2,0 2,0 | S 21
490,80 8102 3ae,m8 2203 204,70 0333 1AR,3 0400 a,0
3 1om,0 190,90 2,0 0,0 H s 1y
00,2 0102 303,30 @203 200,83 2304 (00,0 A4QD n,0
9 ] 2,0 YT "] 9,0 2,9 1 8 ”
400,0 @182 3n2,0 0203 249,48 A304 100,80 Q40Q n,0
T 8,0 56, e,8 A, 1 s o
490,00 oi1g2 3oa,d 0203 270,90 @324 100,2 Maod n,0
e 8 1ea,n 55,7 2,0 2,0 1 s o1
429,08 e¢lee 3oa,2 7203 20m,0 @A3uad 100,90 0400 a0
9 39,2 n,n 9,9 8,0 ! 5 nt
470,94 0122 3I5m,0 02203 290,09 @303 190,00 0400 2,0
¢ i» 89,0 n, 2,9 9,0 1 01
apn,d? at1e2 3Inn,A 0293 200,00 @308 100,80 OGa40Q 0,0
2
1 4o00,2
9 4pe,.0
aq0p1 Q.9
Q402 8.9
e42p3 0,d
24004 0.0
2307 n.0
24708 8,0
04009 2,9
04010 ]
5
2 1 ? 19 1 2 3 4 2 ? b4 L] 9
321 32y 12y 12y
6
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TABLE 10.14. Interactive Execution with ELMIXBC.PR1
and QSURFACE.P3I

MCR>FR1
ENTER FILE-Q DISK UNIT
-

ENTER INFUT FILE NAME

ELMIXRC.FR1

NFRINT(Qs5) yNFINCH(O=MISSING MATERIAL RY WELGED ELEM»1=0THERWISE)
30 '
NEW FROELEM(=0) OR INFUT MODIFICATION(=1)
0

sesFR1 -~ STOFP

MCR>FR2
ENTER FILE-Q DISK UNIT
-

ENTER PRINT OFTION (0r152)
0
++FR2 -~ STOP

MCR>END
ENTER FILE-Q DISK UNIT
2

<~

ENTER FRINT OFTION(Os1,2)
0

+ooBNI -~ STOF

MCR=F3T

ENTER FILE-Q DISK UNIT

2

ENTER INFUT FILE NAME
ASURFACE.F31

ENTER FRINT OFTION(O,1,2)
0

NEW TITLE(1=Y,O0=N)

0

NSTEDY 0 ITOTAL 0 NQUWCP 1 NQ 2 MNTRY 0 NHBOND
0 NTEXF 0
+esFII ~-- STOF

MCRFFR3
ENTER FILE~Q DISK UNIT

n .

FRINT OFTION (NORMAL= 1, FOR DEBUG = 2 , NO OUTPUT=0)
NBREGIN(NORMAL= 1 AND FOR RESTART = SUBROUTINE IN MAIN)
IT=TIME STEF TO START (NORMAL=1,REGTART=TIME STEFY
NDIG = OUTPUT DIGITS AFTER DECIMAL IN *F" FORMAT
NUONS = 0 FOR TIME STEFS READ IN PROG3I

1 FOR CONSTANT TIME STEP FOR COMPUTATION

it

NFRINT(O2122)NREGIN(1+29394+,5:697)1IT,NDIG»NCONS
191914290

I8 EXFECTEDR EAND WIDTH TO RE MORE THAN 252(1=Y»0=N)
0

NREGIN 1 NFRINT 1 I7T 1

ELEMENT MATRIX COMPLETED

SYSTEM MATRIX FORMELD

MREAD SUBRROUTINE COMFLETED

UPFER TRIANGLE DECOMFPOSITION DONE

R ESTIMATION DONE

BACK SUR DONE

++ PR3 --  STOF

MCR:
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{ POINT SOURCE ( 2.50@ CU. FT/DAY)

@ HELD POTENTIAL ( 9 FT

SCALE
0.0 20
I 1 J
VERT. SCALE
0.0 208 4100

FIGURE 10.4. Linear Element 4 Layers with Nodal Flux at Surface
and Held B.C. at Base
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TABLE 10.15.

FILE NAMEm LINODALQ,PRY

LINEAR ELEMENY 4 (AYERS WITH NODAL FLUX AT SURFACE AND HELD
1 2 1,9 1,9 1,0 1,0
2 1 IMAGINARY MATERARL WITH ALL PROPERTIES EQUAL 7O UNITY
1.0 1,0 1.9 23 200401 )
'] 2 IMAGINARY MATERTIAL WITH ALL PROPERTYIES EQUAL TOD UNITY
1,0 1,0 1.0 25 2000021 2,0
[} 3 TMAGINARY MATERIAL WITH ALL PROPERTIES EQUAL TO UNITY
1,0 1.0 1,9 23 «200091 2.0
? G IMAGINARY MATERIAL WITH ALL PROPERTIES EQUAL TO UNITY
1.0 1,0 1.0 + 85 ,2200a1 2,0
[} S IMAGINARY MATERIAL WITH aLL PROPERTIES EQUAL TO UNITY
1.2 1,0 1,9 23 002701 2,9
1 . JAWITCH FOR NODAL DATA AND END OF
] 1 e, 7,0 0,0 L] 1 S ot
437,08 @ia22 3An,3 0203 200,00 A3IPA 19Q.0 DA0O n.9
9 2 10@,0 0.0 .0 2,0 1 5
40,0 0122 30n,Q a203 220,80 @304 100,09 0490 ",8
3 170,0 100,0 2,0 2.0 1 b} 21
420,97 0102 3en,d3 0203 200,29 A3NG (A0 ,B M40Q n,0
? 4 a,0 iag,0 2,9 2,a 1 3
aan.0 9122 390,00 0283 290,0 o344 (00,0 Q400 2,2
]
LELET "n,9
040482 2,0
24003 a,9
CETEY 2,9
q
{ e%e0,9
2 2%a0,0
3 2%30,9
4 2%@0,0
S
) ] 1 q 1 2 3 .
] PSAITCH POR END OF DATA

10-21

LINODALQ.PR1 for a Linear Element with Point Source

BeCo AT BASE

«A2A201  ,0000071
,AU0R01  ,03PRARY
Q0001 0000001
.0¥@001 0070001
,M2pea1 2000001

PROPETIES



TABLE 10.16. Interactive Execution with LINODALQ.PR1 and HSTEADY.P3I

MCR>FR1
ENTER FILE-Q DISK UNIT
el

ENTER INFUT FILE NAME
LINODALR.FR1
NFRINT(0,5) yNFINCH(O=MISSING MATERIAL BY WEDGED ELEM,1=0THERWISE)

2,0

NEW FROBLEM(=0) OR INFUT MODIFICATION(=1)
0

oooPRl - STDP

MCR:>FR2

ENTER FILE-Q DISK UNIT
2

ENTER FRINT OFTION (0s1,2)
(4]

.+ FR2 -~ GTOF

MOCR>BND
ENTER FILE-Q DISK UNIT
=l

ENTER FRINT OFTION(O»1,2)
0
s+ BNOL - 8TOF

MCR:>P31
ENTER FILE-Q DISK UNIT
el

ENTER THFUT FILE NAME

HSTEADY .31

ENTER FRINT OFTION(Os1.2)

0

NEW TITILE(1=Y,0=N)

0

NSTEDRY 0 ITOTAL 0 NQUCF 1 NQ 1 MNTRY 0 NHBOND
O NTEXF 0

+eF31 -~  STOF

MCR>FR3
ENTER FILF-Q DISK UNIT
o]
FRINT OFTION (NORMAL= 1» FOR DEHUG = 2 » NO OUTFUT=0)
NREGIN(NORMAL= 1 AND FOR RESTART = SUBRROUTINE IN MAIN)
IT=TIME STEF TO START (NORMAL=1sRESTART=TIME STEF)
NDIG = OUTFUT DIGITS AFTER DECIMAL IN °*F°® FORMAT
NCONS = 0 FOR TIME STEMFS READ IN FROG3I
= 1 FUOR CONSTANT TIME STEF FOR COMFUTATION

NPRINT(O0»192)yNEBEGINC(1+2y324+50627) 1T »NDIG)NCONS
191919250

IS8 EXFECTED BAND WIDTH TO RE MORE THAN 252(1=Y,0=N)
0

NEEGIN 1 NFRINT 1 I7T 1

ELEMENT MATRIX COMFLETED

SYSTEM MATRIX FORMED

MREAT SURROUTINE COMFPLETED

UPFER TRIANGLE DECOMFOSITION DONE

B ESTIMATION DONE

BACK SUR DONE

+v++PR3 ~~ STOFP

MCR
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In this example (Figure 10.5 and Table 10.17) four elements with held
potentials at the surface (top of first aquitard), base (bottom of second
aquitard) and also the extreme end (away from well) are used. Withdrawal from
the well is deifned as a point sink (at nodes 2001, 2002, 3001, 3002) of the
pumped aquifer. Exponential time steps (ATt - ATt-l * Factor) are
designed by input data file, QTRANS.P3I (Table 10.18). The interactive
execution is illustrated in Table 10.19. Table 10.20 includes some of the
output of PR3.

Because the illustrative simulated region is only a fraction of the
total, the initial time step prescribed is extremely small (1.0 x 1076 day).
For the complete simulation of well drawdown in an extensive aquifer system,
the four elements in this example have to be expanded with additional elements
such that within the simulated time period, drawdown curve does not reach the
boundary.
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10

@+ HELD POTENTIAL € @ FT)

0.9 L] -0

L 1 ]
VERT. SCALE

0.0 2 w.

1 1 '}

FIGURE 10.5. Radial 4 Elements Three Layered and
Exponential Increasing Distance
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TABLE 10.17.
Pie Shaped Region

FILE NAMEs wELL,PRY

RADIAL & ELEMENTS TWHREE LAYERED AND EXPONENTIAL INCREASING OISTaNCE

1 ) 1,20 1,09
{MATERIAL OF AQUYIFER IN LAYER &

0.1006+02 2,170E+22 @,1P2E+22 2,193E+02 0,102E+01
2MATERIAL OF AQUITARD (LAYER )

2,109E=23 2,100E.A3 2,120Ee03 0,170EeR0 2,1008+01
SMATERIAL OF PUMPED AGUIFER (LAYER C)

2,100E+03 2,1P2E+23 B,100E+03 @,180Ee02 2,100E+0)
GMATERIAL OF AQUITARD (LAYER D)

2.100Ee04 P, 100E«@d B,]100E=00 2,170E400 2,10AE+01
SMATERIAL OF AQUIFER (LAYER E)

0,100E+02 ©,1P0E+R2 @,100E+02 2,100E+02 2,100

1,00 1,00

!

o 1 1,000 0,0000 @,0800 «5p,00 1
P.0 203 «20,0 303 o32,8 420 52,0
20,9239 #, 3827 P.0000 »50,00 )
n,2 203 w22,0 3024 «32,0 4020 50,0
5 1,649 2,07230 00,2000 502,00 1
Reb 203 v20,0 304 =30,0 429 58,0
8 1,523 2,6329 p.oad0 1. 1 1
P 223 20,0 304 30,6 402 «S50,0
S 2,718 g,2200 2,08000 50,00 1
p,e 203 20,0 304 =33,0 420 58,0
6 2,914 1,040 3,082 «52,00 1
0,0 223 #20,0 304 32,2 400 50,0
7 4,882 2,n000 2,880 «50,00 1
2,0 203 20,8 334 «30,0 423 =50,0
8 4,141 1,718 2,9R00 52,00 1
. 2,0 223 20,0 304 30,8 4B 53,0
9 7,389 ?,n040 v,00020 52,00 1
2,2 203 20,0 324 =30,0 400 =50,0
19 6,827 2,828 2.,8mn00 52,29 1
P.,2 203 20,2 306 32,0 422 e52,0
o 2
[}
29 @o,000009
20n9 p,aQu00R
3009 ©,p00000
» a039 p,B0Q0e0
16 B,000000
2019 @,p80000
ls12 o.,000¢00
4212 @,p00020
§ 2,080220
dept e,p0e000
2 o,rep0e0
4pa2 e,000000
3 p,0000p0
4323 Q,000000
4 D,000000
4094 P, p0RPRO
S o.,8830700
4205 0,0Pa300
& Dp,e0020@
42n6 @, 300020
7 0,200000
4a0er p,000000
8 0.,002000
42p8 ©,0000020
19 p,082000
q
2281=1,562
I901=1,%562
3PP2=1,%62
20@2e1,562
S
1 1 [ 9 19 B 4
2 1 [} 7 8 b 5
3 H L} 5 6 4 3
" [} 1 4 3 q 2 1}
6
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Q4 100E+21
0,100Ee2]
0,100E¢21
2,100E+01
0.100E0}
4 H
8
] 2
8 2
] 2
4 2
a4 2
a4 2
8 2
4 2

2,10DE+21
2,100E+21
¢,100E+01
0,100E«Q}
,10aE+01

;

WELL.PR1 for Three Layered and Four Element

?4,20CE~D3
2,200E-04
D,100E=DY
D.202E=04

2,200E=0]



TABLE 10.18. PTRANS.P3I for Exponentially Incremented Time Step

FILE NAMEs PTRANS P3I

TRANSIENT SOLUTION WITH GENERATED EXPDNENYIAL TIME STEP (PTRANS,PSI)
1 ] 1 Il 2 2 1 JNSTEDY, ITOTAL,NG,NQWCP,MNTRY , NHBOND ,EXP
1,E«6 1,58 £ INITIAL TIME AND FACTOR FPDR INCREASING NEXT

TABLE 10.19. Interactive Execution of Radial Problem

MCR>PR1.
ENTER FILE-G DISK UNIT
-

ENTER INPUT FILE NAME

Uﬁ:;i:$i0;5)rNPINCH(O=HISSING MATERIAL BY WEDGED ELEM,1=0THERWISE)
Jﬁgu PROBLEM(=0) OR INFUT MODIFICATION(=1)

?..PRI -- STOF

MCR>FR2

ENTER FILE-@ DISK UNIT

2

ENTER PRINT OFTION (0r1,2)
0

++sPR2 -~ STOP

MCR>EBND
ENTER FILE-QR DNISK UNIT
"

ENTER FRINT OPTION(O:1,2)
0
«eoBNDL --  STOP

MCR>P31I
ENTER FILE-Q DISK UNIT
"

ENTER INFPUT FILE NAME
FTRANS.F31

ENTER PRINT OFTION(Os1+2)
1

NEW TITLE(1=Y,»O=N)

0

NSTEDY 1 ITOTAL S NGWCF 1 NGO 1 MNTRY O NHEOND
0 NTEXF 1

+++F3I -- STOF

MCR>PR3

ENTER FILE-Q LISK UNIT
2
FRINT OPTION (NORMAL= 1, FOR DERUG = 2 » NO OUTFUT=()
NEEGIN(NORMAL= 1 AND FOR RESTART = SURROUTINE IN MAIN)
IT=TIME STEF TO START (NORMAL=1,RESTART=TIME "'STE}D
NDIG = OUTPUT DIGITS AFTER DECIMAL IN °F" FORMAT
NCONS = 0 FOR TIME STEPS READ IN PROG3I
= 1 FOR CONSTANT TIME STEF FOR COMPUTATION
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TABLE 10.19. (contd)

NFRINT(Or1¢2) yNEEGIN(1+2¢394»5¢6927)»ITyNDIGsNCONS
1:191+250

IS EXPECTED EAND WIDTH TO BE MORE THAN 252(1=Y,0=N)
0

NBEGIN 1 NPRINT 1 IT 1
ELEMENT MATRIX COMPLETED

SYSTEM MATRIX FORMED

MREAD SUBROUTINE  COMPLETED

UFFER TRIANGLE DECOMPOSITION DONE

k ESTIMATION DONE

BACK SUR DONE

TIMESTEF 1 ELAPSEDTIME 1.0000000E-0é
ELEMENT MATRIX COMPLETED

SYSTEM MATRIX FORMED

MREAD SUEBROUTINE COMPLETED

UPFER TRIANGLE DECOMFOSITION DONE

E ESTIMATION DONE

BACK SUR DONE

TIMESTEP 2 ELAFSEDTIME 2.5000002E-06
ELEMENT MATRIX COMPLETED

SYSTEM MATRIX FORMED

MREAD SUBROUTINE COMFPLETED

UFFER TRIANGLE DECOMPOSITION DONE

B ESTIMATION DONE

EACK SUBR DONE

TIMESTEF 3 ELAPSEDTIME 4.73500002E-06
ELEMENT MATRIX COMPLETED

SYSTEM MATRIX FORMED

MREAIl SURROUTINE COMPLETED

UFFPER TRIANGLE DECOMPOSITION DONE

B ESTIMATION DONE

RACK SUBR DONE

TIMESTEP 4 ELAFSENTIME B8.1250009E-06
ELEMENT MATRIX COMPLETED

SYSTEM MATRIX FORMED

MREAIl SUBROUTINE COMPLETED

UFFER TRIANGLE DECOMPOSITION DONE

B ESTIMATION DONE

BACK SUBR TONE

TIMESTEFP S5 ELAPSERTIME 1.3187501E-05
+¢esFR3 -- STOF

MCR:-
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TABLE 10.20. Sample Output of P3I and PR3 for WELL.PR1 and QTRANS.P3I

TRANSTENT SOLUTION WITH GENERATED EXPONENTIAL TIME STEP (PTRANS,P3I)

NSTEDY 1 ITOTAL S NQWCP 1 NO 1 MNTRY @ NHBNND

B NTEXP ]
TRANSTIENT HIIN OF MODEL PRESCRIBED

TOTAL NH4YBER NF TIME STEPS(ITOTAL) S
1 TIME STEP 2,1000E =05 ELAPSED TIME 0,1000F =05
2 TYIME STEP 7,1500£-05 ELAPSED TIME 0,2500E-08
3 TIME 8TeP 7,2250E=0% ELAPSED TIME 2,875CE~PS
4 TIME STEP 9,3375€«25 ELAPSED TIME N,8125E=-0%
S TYIME STEP N, 5063E=25 ELAPSED TIME 0.,1319F=-02

NO NEW SNURCE OR SINXK FOR EACH ELEMENT® 1S READ IN, SOLUTION BASED ON SOURCE/SINK READ® IN PROGRAM 1

NDO SURFACE FLUX 13 PRESCRIBED
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RESULTS nF WFAN ESTTIMATION AT TIME STFP

TABLE 10.20.

1

ELAPSED TIME

RAOTAL A4 ELEMENTS SIMGLE LAYFR EXPONENTIAL INCREASING DISTANCE

(contd)

N1ANCE~VS DELTATS

TRAMSTENT SNLUTION WITH GENERATED EXPNNEMTIAL TIME STEP (PTRANS,P3])

A, 1000F-A%

NORE

DEPTH

HEAD

NODE

DEPTH

HEAD

NODE

DEPTH

HEAD

NODE

DEPTH

HEAD

27014
laey
4701

29025
3205
GrnS

209
3309
aan9

",0000
-20,020
-33,00
~S0,00

?,8000
-20,00
33,00
50,00

7,200
-2@,00
-30,00
53,00

?,02000
P, 00954
-3.90950

A 00000

n,000a0
-d,00076
-3,90076

a.20000

2,28000
2,00000
2,89000
»,00000

2aa2
Ivae
anoe

L]
2096
L1113
4226

12
eate
3210
4010

2,9029
-20,00
30,08
-50,00

@,2000
»20,00
30,00
~50,20

2,0000
-20,00
-30,00
30,09

g, 000
-0,0@954
~2,P2954

2,00000

B.200000
D, 00076
=0,00076

2,00000

A,00000
2,70000
",07000
?,00002

2003
3203
an03

2007
3oer
4007

2,000
=20,00
=30,20
-SG.BW

n,0000
-BB.GB
-JGQQG
-50,00

2,00000
-0,00358
=P,70358

a,20000

2,00000
-2,00004
-2,0P0024

n,2000@

.4
2eaq
3004
A004

2008
3pes
apes

f,0080
20,040
30,09
-30,00

p,0000
20,00
«30,00
-Sﬂ.ﬂﬂ

0,00200
~0.00358
-0,00358

0.20A0

2,00000
-0.00004
=-0,30004

2,00000
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TABLE 10.20. (contd)

RESULTS nF HEAD ESTIMATION AT TIME STEP

2

ELAPSED YIME

RADIAL 4 ELEMFNTS SINGLE LAYER EXPONENTIAL INCREASING DISTANCE

A,2500E=«0% OELTAT=

TRANSTIENT SOLUTION WITH GENERAYED EXPONENTIAL TIME STEP (PTRANS,P3I)

2,1500E=25

NODE

DEPTH

HEAD

NODE

DEPTH

HEAD

NODE

DEPTH

HEAD

NODE

DEPTH

HEAD

(I P P L P P Py Py Y P I P Y Y P P LYY P PR Y P Y P L L PR Y P Y PR P Y L P Y R P L Y Y DY Y P Y R P Y P L Y R DR R R Y Y Y LYYy

2901
3ant
q001

20993
300S
ad0s

27209
3209
4709

r, 0000
-20,00
-30,00
«$0,00

?,0000
20,00
30,00
«S0,00

R.,A000
-20,00
30,00
50,00

Q. NA020
-, 014843
-2,01443

P, 22000

n,000080
-0,00257
«?,00297

2,00080

?,00020
a,Aa000
p.,00u00
p,00000

2am
Joo2
agn2

2208
3006
4006

10
2019
312
apte

e,0000
20,00
-3¢,00
30,00

2.,0000
-20,00
»30,.00
-50,00

2,2009
20,00
-30,00
«50,19

NLELE)
-0,01443
-0,0144%

?,00000

2,00000
-0.0“257
-0,002%7

e.ag000Q

f,NA000
J.qn00Q
0,00000
?,00000

2193
3oe3
anal

2007
3007
4097

2,2000
-EO.UH
'35.0“
-SU.OG

2,000
'29.00
=39,00
-50 .ﬂﬂ

0,MR000
-9,00744
«9,20744
0,20000

o,00000
=0,020039
~B,00a39

0,%0000

2004
3004
4024

2008
Joes
4008

8,0000
=20,A0
-30,00
50,00

?,0000
20,00
-32,00
5a,00

2,00000
-p,00745
=-2,00748

0,00000

2.00000
-B|°B039
-0000039

2.00000
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RESHLYS nF

TABLE 10.20. (contd)

HEAN ESTIMATION AT TIME STEP

3

ELAPSEDN TIME

RADIAL 4 ELEMENTS SINGLE LAYER EXPONENYIAL INCREASING DISTANCE

R, 47T5AE=AS DFLTAT®

TRANSTENTY SNLUTION WITH GENERATED EXPONENTIAL TIME STEP (PTRANS,P3I)

A, P250E=05

NODE

DEPTH

HEAD

NOOE

DEPTH

HEAD

NODE

0EPTH

HEAD

NODE

DEPTH

HEAD

1
2nat
3901
a0y

20PS
3205
40uS

2009
3209
4ne9

P,0000
w20 ,00
32,00
wSo,00

2,00P0
-20,00
30,00
-50,00

2,2200
20,00
32,07
«50,90

P,02000
-2,2182%
=D, A1R2%

¥,00000

I LETT)
-9,00498
-f,22494
?,82000

#,00000
2,200080
?,00000

A,00p00

2002
3002
4202

2906
Ione
anpe

10
2910
Joio
4214

2,9000
»20,00
-3a,00
50,00

?,0000
-20,00
-30,00
=50,08

a,e000
-22,00
-30,70
-50,00

L1
~3,11823
-0,721823%

R URNRA

?.00000
-2,00494
-2,704940

?,00000

@.80200
?,80000
R.0PONN
2.,40000

2003
lony
493

enor
lzor
ane7

P.,0n20
20,00
=30,00
=53,00

e, 0000
-20,00
~30,00
-50,00

2,00000
-0,01092
-2,01092

2.87n000

2,00000Q
-2,20127
-0‘.00127
n,ncaeR

2004
L1110}
3204

8
2008
L1101
4928

a,0220
20,00
-30,.00
~50,00

#,0009
20,00
«30,00
=50,00

0,002200
-D.017m93
g.0200M

2.a2000
=-2,00127
-E.ﬁmle'
¢,ra000
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TABLE 10.20. (contd)

RESULTS NF HEAD ESTIMATION AT TIME STEP

4

ELAPSED TIME

RADIAL 4 ELEMENTS SINGLE LAYER EXPONENT]IAL INCREASING DISTANCE

B,8125E=AS DELTATw

TRANSTENT SOLUTION WITH GENERATED EXPONENTIAL TIME STEP (PTRANS,P3I1)

?,337SE~2S

NODE

DEPTH

HEAD

NODE

LEPTH

HEAD

NODE

DEPTH

HEAD

NODE

DEPTH

HEAD

LI L P P L Y P L P PP P Y L P Y PR P D L P LY L R Y P Y P Y P P Y Y Y Y LY P P L R L PR Y P AR L L P L L AL R P R R P Y Y P Y L P Y Ty Yy

amey
3209
4204

27es
3005
42eS

2009
3409
anp9

2.0000
-20,20
-30,00
«S0,00

p,0270
-20,00
«33,¢0
50,00

A,0000
22,00
-3@,20
S0, 00

2,00700
-2.P2161
~2,02169

2,00000

9,000020
-3,207583
-,N8753

?,00090

o,09000
2,00000
#,22000
2,02000

ape2
son2
4op2

2rae
3ves
Q206

12
e248
oo
a2

®,e000
-20,00
«30,00
-50,00

a,3000
2,00
=-32,00
50,00

@,0000
-20,00
»30,00
«Sa, 00

e,00000
“P,02161
-0,02161

",00000

2,00000
-P,0R758
-2,20753

@, Q007

A, A0200
a,00c00
?,00909
B,N0002

2oy
Joos
4203

7
2207
3207
4007

p,0000
-20.00
-30.90
~$7,00

2,2000
-20.00
°30.BD
-S0,00

2,20000
-2.01419%
~2,01419

e,08000

2,n0000
-0,00263
-2,00263
n,00000

2004
Jens
q004

2008
Jap8
4028

P,0000
-20,09
-32,00
-30,80

23,0000
-20,00
-30,00
50,00

2.00000
-D.01415
-B.Ol413

2.00000

0,00M20
-0,00263
-p,00263
e.0epen
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TABLE 10.20. (contd)

RESULYTS nF MEAQ ESTIMATION AT TIME STEP

S

ELAPSED TIME

RANDIAL 4 ELEMENTS SINGLE LAYER EXPONENTIAL INCREASING NISTANCE

B.1319€-P4 DELTATE

TRANSIENT SOLUTION WITH GENERATED EXPONENTIAL TIME STEP (PTRANS,P3I)

2,5063E=08

NODE

DEPTH

HEAOQ

NODE

DEPTH

HEAD

NODE

DEPTH

HEAD

NODE

PEPTH

HEAD

20m1
3008
ade1

2005
37205
a00%

2709
3209
4009

n,0000
«23,00
«30,00
50,02

B, 0290
20,00
3N, 20
»S50,00

N,0000
.20,00
e32,08P
-50,080

2,0n000
-0,02866
0 ,B2866
v, 22080

?,00000
-0,21008
-0,01038

2,30000

2,00000
?,02000
2.,00000
2,P0000

2
2082
3202
9002

2206
3006
4006

10
aote
3010
4210

2.,0000
2,00
-30.00
=50,00

”,0000
20,00
-30,00
-50,00

?.,0000
-20,00
-30,00
-50.00

2,00000
=d,02466
=2,02466

p.,oraRn

n,02000
-0,01008
-2.01008

2,00000

2,80200
0,00000
2,00000
2,00000

2nos
lon3
qan3

2007
Ina?
4207

2,0000
-20.60
-30,29
-5@.“0

2.,3000
-20,%0
~30,22
-53,00

0.,00000
-2,01714
-2,01711

N,r0000

2,00000
=0,00419
»0,00419

A, 00000

2e94
3004
4004

2008
3p08
4008

2,8000
=20,00
-30.90
.S0,70

?,P000
»20,0Q
-30,00
=50,00

0,00000
-P,01711
-0,01711

?,02000

2,00m02
-6.60419
-0.00419
2,.23000
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