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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 radionuc1ides 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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FIGURE i. Schematic Diagram of Consequence Analysis 



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: 

• 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. 

VTT (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. 

• 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. 
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• DOSE MODELS: 

PNL-3180 

PNL-3209 

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

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. 

• DATA SYSTEMS: 

PNL-3139 

PNL-3161 

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. 

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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,~ II 

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 level is for complex multilayered systems. 

The three-dimensional, finite element, ground-water model described in 
this report falls under the third level of hydrologic models. This model is 
capable of simulating single-layered systems having variable 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 well-log descriptions at each 
surface node and subdivision of the entire region into two-dimensional 
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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 multi aquifer 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. 
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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, (1,2) 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) 

L (K l!l) + L (K a~) + L (K l!l) - Q : Ss ~th (2-1) ax x ax ay y ay az z az 0 

S "f" t L- 1 s = speC1 1C s orage 

= pg (ex + 8S ) 
P P 

9 = gravity field strength, L T- 2 

h = head above common datum, L 

1 ~p p1~) = z + -g 
Po 

Kx' Ky' Kz = represents hydraulic conductivity of the saturated flow 
in the x, y, and z directions, L T-1 

p = fluid pressure, M L- 1 T- 2 

Q = strength of sink function defined by T- 1 

n 
L . 1 Q (x. ,y . ,z " , t) <5 (x -x .) (y -y .) ( z -z " ) 1= W 1 1 1 1 1 1 = 

Q = w the well discharge from the aquifer, L3 T- 1 

8 = Dirac delta function 

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

e = porosity of medium, dimensionless 

a. = compressibility of medium, LT2 M- 1 
p 

Sp = compressibility of liquid, LT2 M- 1 

p = density of fluid, M L-3 

Equation (2-1) is for a fixed coordinated system. Compressibility of 
medium and liquid is considered only in coefficient \' called "specific 
storage II 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(5) 
questioned the validity of Equation (2-1) on the fact that lion 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: 

where 

s* = pg[(l - e)a. + ea ] 
p p 

= specific storage, L-1 

Cooper(6) 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: 

where 

wg = vertical component of velocity of grains of 
the medium, LT- 1 

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

~2h - 2p Spg ~zh, = Q[ (a + 8S ) ~ 
o K P P at 

where 
Zl = 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: 

Cooper concluded that the three-dimensional equation (2-1) as proposed 
by Jacob(3) "appears to be exact if one considers his z coordinate to be 
the deforming coordinate ZI.1I The difference between the fixed coordinate 
and the deformed coordinate is neqliqible 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-]) 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: 

L(h) == _a_ (K ~) _ Q _ S ah = 0 
aXa as axS s at 

a,S = 1, 2, 3 

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

To solve L(h) = 0 by the Ga1erkin method, a trial solution of the 
following form is assumed: 

h(x ,t) '" h'(x ,t) a a 

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 ~. 

The approximating function h'(x ,t) will be an exact solution to 
a 

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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.... 

.... 

.... 

.... 

Vi(X ) (i = 1, 2 ... n) or 

JIJn L(h'[xa,t]) Vi(xa) dn = a 

i = 1, 2 ... n 

Since only n basis functions have been selected, there are n undetermined 

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

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). 

(2-4) 

(2-4a) 

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(x a ). Efficient 
numerical schemes can be developed when continuous piecewise polynomial 
functions are used, e.g., Price et al.,(9) Cavendish et al.,(10) 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 Vi(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'(xa,t) at the n points. 
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The three-dimensional mixed basis functions(8) are given below. 

Corner Nodes 

where 

Values of Be' Band B are determined by the order of the element sides 
"n I:; 

(I:; = ±1, n = ±1), (I:; = ±1, I; = ±1) and (I; = ±1, n = ±1), respectively, in 

conjunction with information from the table given below. 

TABLE 2.1 Parameters of Se;:' S and SI:; for Mixed Corner n 

Order of Side Se;: S SI:; n 

L;near 1 1 1 
3 3 3 

Quadratic e;:1;; 
2 2 2 

- 3" nn; - 3 L;L;; - 3" 

Cubic 2. e;:2 19 9 2 19 9 2 19 
8 - 24 8" n - 24 "8 I:; - 24 
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Nodes Along the Sides of Elements 

A typical midside node of a quadratic side: 

1 2 
Vi = 4 (1 + ~i~) (1 - n ) (1 + sS;) for ~; = ±1,ni = O,si = ±1 

1 2 Vi = 4 (1 + ~it,;) (1 + nni) (1 - S ) for t,;i = ±1,n; = ±1,si = 0 

A typical midside node of a cubic side: 

9 2 
(l+9~~.) (1 +nn . ) (l+ss ·) for t,;i 1 

Vi = 64 (1-~ ) = ±3' n· = ±1,s; 
1 1 1 1 

V. = :4 (1 +~~i) 2 (1+9nn.}(I+t,;t,;.) for t,;. = ± 1, 1 (l-n ) ni = ±3,si 1 1 1 1 

V. 9 (1 +nn.) (l-s 2 }(1+9t,;t,;. ) for ~i = 64 (l+~~i) = ±1, n· = ±1,s 
1 1 1 1 

A convenient method of establishing the coordinate transformations 
from Cartesian to local t,;, n, S, space is to use the basis functions given 
above. The points with coordinates, x, y, and z, will lie at corresponding 
point, ~, n, s, in the element as given by the general definitions of the 
basis functions. By these reJationships, 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 
n, 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 
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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: 

i = 1, 2 ... n 

where the domain n is composed of all elements over which the ith basis 
function is defined. 

(2-4b) 

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

(2-5) 

Assuming Ka8 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), 

J 
Equation (2-4b) can be written as: 

fff 
n aVi aV; 
" (K ~) H. d~ + ~ ~ as ax ax J 
J=l a S 

n aH. 
Vi .2: VJ. at d~ 

J=l 

(2-6) 

i=I,2 ... n 

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: 

aV. aV. 
(K 1 ~) dn 

a.S ax ax 
a. S 

and {U} is a vector in which: 

dA 

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

where qn is the flux of water per unit area of boundary S, LIT. This last 
term is formed only when qn is nonzero, in which case it takes the form of: 

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 fo~ the specific node under consideration. At nodes where a 

(2-8) 

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 as 
for constant or variable values. 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}e 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. Finitealement 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 = L 

;=1 

n 
y = L. 

i=l 

n 
z = L 

i= 1 

n 
H = L 

i=l 

Vi(~,n,l;) x. 
1 

Vi (E;, n ,l;) y i 

Vi(E;,n,l;) z. 
1 

V.(~, n ,l;) H. 
1 1 

where x. y. and z,' are actual values of nodal Cartesian 
" " coordinates and n is the number of nodes in the element under 

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

(2-9) 

(2-10) 

(2-11) 

(2-12) 

Considering the set of local coordinates~, n, and Z; and a 
corresponding set of global coordinates x, y, and z, by usual rules of 
partial differentiation, we can write, for instance, the E; derivatives as: 

avo avo ~ avo avo 
-' =-'~+-'.ay+-'~ 
a~ ax E; ay a~ az aE; (2-13) 

Performing the same differentiation with respect to the other two 
coordinates and writing in matrix form we have: 
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av. ax av. av. 1 ~ E.! 1 1 
af" at;; , at;; , at;; ax ax 
avo ax avo ~. 1 = II az 1 [J] 1 (2-14) an an' an' an ay = ay 
aV i ax .al az av. avo 

1 1 
af". al;;'. as' R 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 ]can be formed 
explicitly in terms of local coordinates. This matrix is known as the 
IIJacobian matrix". 

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

av. 
1 

ax 

avo 
1 

ay 
av. 

1 
az 

aV. 
1 

ar 
av. 

1 

an 
aV i 
~ 

(2-15) 

In terms of the shape function defining the coordinate transformation 
[ VI], which are identical with the shape functions [V] when isoparametric 
formulation is used, we have: 
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... , 

... , 

... 

av. av. aVo 
L ' L aE;,' Yi' L aE;,' zi ~ xi' 

av. avo avo 
[J] L an' xi' L: a~ yi' L' = Tn zi 

avo av. avo 
L a (;' xi' L ae;' Yi' L a~ zi 

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

dx dy dz = det [J] dE;, dn de; 

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

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

aVo aVo aVo aVo aVo aVo 
(K _'..::.......J.. + K _'.::......J.. + K "'z' "'zJ det [J] de dn dr (2-16) X ax ax y ay ay z a a S ~ 

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

To perform an integration of the form indicated in Equation (2-15), 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(12) 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 n 
_~ f(x) dx = J~'Hi f(a j ), 

+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 = 7 
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 = 9 
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 aH/at associated with the P matrices, a backward finite-difference 
approximation for the time is generally used with given initial values of H(O): 

[PJ {H}t+~t + [RJ ({H}t+~t - {H}t)~t + {U} = 0 
or 

([P] + [RJ/~t) {H}t+~t = [RJ/~t {H}t - {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, limiting 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 man.y layers of three-dimensional elements, 
the system stiffness matrix is large, sparse and unbanded. The number of 
unknowns in a natural multi aquifer 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 giv2n 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, un banded 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: 
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a. For a linear element a minimum of two Gaussian points in each direction 
are required, which warrants estimation of shape function V. 

1 ' 
aV i aV i aV i 
ay'an'~ 

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 

av. av. av. av. av. av. 
, J det [J] -' -=---.J. det [J] -' ---.J. det [J], V,. VJ. det [J] and 

ar-a~ 'dndn 'al;dl; 

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, Vi~ 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 Kxx = GIGJ x Kyy + HIHJ x Kzz 
Rij = pg (ap + ~8p) x XIXJOB 
Ui = 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 
XIJCOB 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 Fi1e-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. 

* Fi1e-Q is a set of FORTRAN callable direct I/O subroutines written for 
use on POP 11/45. The Fi1e-Q file structure for disk volumes is designed 
to minimize the overhead associated with direct access file operations. 
Once Fi1e-Q has been opened, only basic read-write limits are checked for 
each I/O operation and all direct access I/O transfers are started at the 
beginning of a physical (256 word) disk block boundary. 
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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. 

b. 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. 

c. 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 necessar.y in rearranging the 
columns during repeated formations of the system matrix. 

d. 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 PROGl, 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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e. PROG3 - This is the main program which calculates the potential head 
using File-Q disk data generated by PROG1, PROG2, 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. 

• 

3-6 



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 
model 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). 

4-1 





.j::o 
I 

W 
" >-< 
G> 
C 
;;0 
[TI 

.j::o 

....... 

G> :z rl- -I.,. ...... 
~ QI -1·0 ........ 
Orl-O~"""" 
t:: t::::J t:: 
::J~VlOVl 
e... QI -I. rl­
I ........ [TIVl~ 
~ ~ ::J (") QI 
QI (")~rl­
rl- 3: 0 ro -I. 
rot::t::rtO 
~ ........ ::J -I.::J 

rl-rl-N ::c -I. ro QI 0 
ro ........ ~ rl- -t, 

1O QI ro -I. 
-I.~ e... 0 " 
3ro ::J~ 
ro ~ -I. 0 

ro::JO-O 
e... -t,o 

QI Vl 
<ro 

,Ole... 
QI~ 
~ -I., 
\.OQlO 
rollO 

-I. 
(") 

EXTENT OF GARDINER CLAY AND NODES PLACED TO DEFINE THE EXTENT 

U)N(; L'>LAN/) 

,\ -+ 

f 

73 0 45' 

1 40030' 5 0 
I 1 1 I 

f 5 
I ~ J 1 

SOUN/) 

+ 

~or'~ 
~Y ~ -----

10 15 20 25 
1 1 _ 1 _J 

0 5 10 15 20 25 
KILOMETERS I I I 

72045' 

-t- 41000' 

c_ 

~~-'----------

MILES 

MAGOTHY UPPER ELEVATION AND NODES TO DEFINE VARIATIONS 

,\ 

f 

,\ 

f 

EXPLANATION 

-15 -

Contour on surface 01 Magothy aquifer. 
Solid line where approltimately Itnown: 
dashed Ime where interred Number is 
altitude In meters. Datum is melln sea level 
Contour Interval 15 and 30 meiNS 

Approximate limit 01 Magofhy aQui't" 

A I-------i A 
line 01 hydrogeologic section 

73 0 45 

r ()N (; ISLAN/) .. 
.,' (j (' N /) 

ATLANTIC 

5 0 
Ll~~l 

-+ 

5 0 
L; jIll 

10 15 
1 

• ," 
" 
"' . 

• • ;0 • 

MILES 

20 25 
~ KILOMETERS 

UPPER ELEVATION OF RARITAN CLAY AND NODES PLACED 
--------, TO DEFINE THE VARIATION I' 

EXPLANATIO~ 

__ ·150 __ _ 

Contour on surface 01 Raritan Clay 
solid where approximately known: 
dashed where inferred. Number is 
ailitude In meters. Datum is mean 
sea level Contour inlef''1<'11 30 meters 

Appro.imale limit of Raritan ClaV. 

A I-------i A 
Line of hydrogeologIc sectIon 

73 0 45 

!-- 40030' 

.' 

SOUND 

+ 
L () N (; ISLAN/) 

A TLA NT/(' ()CeAN 

~o LIMIT OF RARITAN CLAY 

~"- --~t- . 72. , 
,'t4 ". <."._.. 1,.,15 

~ 41000 

• 

---,-~/ 

• 
-I---

... 

--I-

20 2.5 MILES ~ 5 10 1( I _...J ~ j ~- -- 1_- 1__ '-'5 20 2
1
5 KILOMETERS 

5 0 5 lp I I 
I I I II! ~ 

+ 



... 

.. 



5-
1 

o 
I 

5 
I 

10 
I 

15 
I 

20 25 
I I 

5 0 5 10 15 20 25 
L-I 1L...I1-11~1--,-1 _------'1 __ .1-1 _------'-I _---'1'------'1 KILOMETERS 

MILES 

LONG ISLAND 

• • • •• .. ,. . .. • 
BJ SU"OLK COUNJf 

• AH • 

• 
• !L 

AK 
AI AJ I 

\ , / 

• ¥ • 

73°45' 

---·40'30 ATLANTIC OCEAN 

• 
• •• 

• 

GLACIAL AQUIFER 0 

GARDINER CLAY • 

JAMECO AQUIFER 0 

MAGOTHY AQUIFER • 

RARITAN CLAY A 

STREAMS II 

AR 
~ 

• 

• • • . ~.. 

A~~_ . ~ ~~~ . 
• •• 

. .,. 

ALL NODES BASED ON VARIATION -IN AQUIFER THICKNESS OR ELEVATION AND STREAM LOCATIONS 

FIGURE 4.2. 

4-5 

All Nodes Based on Variation in 
Aquifer Thickness of Elevation 
of Different Hydrogeologic 
Units and Stream Locations 

.. 



" 



3. At locations where too many nodes are clustered together, a single node 
is defined. 

4. 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. 

5. According to the geologic and surface-water boundaries, the nodes are 

joined by straight (linear) 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. 

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

7. Some of the stress conditions encountered in a ground-water system are: 

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 
c. 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 provlslon 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 

Material 
Interface 

Description 
in the Model 

Well Log 
& 

Material # 
Assigned to 

Each Unit 

01 ------------

0102 ------------

0204 ------------

. 
,'I.' 

2 

4 

Node # 
Assigned 

by Program 

35 

1035 
2035 

0405 ------------
0506 ------------ .5 ------------ 4035 

------------ 5035 

6 

0600 ------------ ------------ 6035 

Interface = Top Material # x 100 + Bottom Material # 

Material Description 

Upper Glacial Aquifer 

Gardiner Clay 

Magothy Aquifer 

Raritan Clay 

Lloyd Aquifer 

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 large 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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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 elerrent methods. To estimate 
the regular grid values, the reference plane is divided into linear 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 interpolated from input data of 3-D finite element 

ground water model of Long Island. New York 
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FIGURE 5.3. Illustrative Example Checking the Input Data by Use 
of Program GRIDIN, Which Uses the Same Input File 
as Used for Simulation 
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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 multilayered 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)J 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. 

where 

h -h = Q/4nT o 

u = r2 S/4Tt 

ho-h = drawdown, L 
Q = well discharge, L3T-l 
T = transmissivity, L2T-1 
r = distance from pumping well to observation point, L 
S = storage coefficient 
t = pumping time, T 

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. 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. All 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. 

where: 
Units 

~ = ground-water potential L 

Uo = head in the reservoir with center at 
x = 0, y = 0 L 

Ho = initial uniform gradient of the lateral flow L/L 
ro = 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 

(6.2) 

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 ~ymmetry 
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Step 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
n 
24 

Elapsed 
Time 

(Days) 

0.I000E-04 
0.5000E-04 
0.2100E-03 
0.8500E-03 
0.3410E-02 
0.1365E-OI 
0.546IE-OI 
0.2184 
0.8738 
3.495 
13.98 
55.92 
223.7 
894.8 
3579. 
0.1432E+05 
0.5727E+05 
0.229IE+06 
0.9160£+06 
O.3665E+07 
0.1466E+08 
O.5864E+08 
0.2346E+09 
0.9382E+09 
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o .2560E-02 
0.1024E-OI 
0.4096E-OI 
0.1638 
0.6554 
?621 
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671. I 
2684. 
0.1074E+05 
0.4295£ +05 
0.17I8E+06 
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0.2749E+07 
0.1I00E+08 
0.4398E+08 
0.1760E+09 
0.7036£ +09 
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FIGURE 6.2. Analytical and Finite Element Solutions of Theis Equations 
Drawdown Versus Time 

6-4 



Lt.IIFORM 

STORAGE 
RESERVOIR 

I NJECTI ON WEll 
AT x2'Y2 

(INFLOW RATE, °2' 

PU\1PED WELL 
AT Xl' YI 

(WITHDRAWAL RATE. °1' 

FIGURE 6.3. Example PATHS Model Region(16) 

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. 

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 lower 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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FIGURE 6.5. Combined Square (a) 6000 ft, (b) 3000 ft, 
and (c) 1500 ft and Constant Radial Pattern 
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(b) .. MAXIMUM DIFFERENCE· .019 
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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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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=.036 

(b) * MAXIMUM DIFFERENCE ::.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 

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

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

3. 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. Surrmary of Results 

E1emE!ht Number Number of Concentr i c Maximum Difference! 
Pattern of Number of Rings of Elements Change in Head at 

~ Nodes Elements Around Cavern Cavern (ft!25 ftl Conwnents 

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 0.013 Equidistant spacing 

6.7 (a) 38 25 2 0.023 2N spacing 

6.7 (b) 113 88 2 0.019 2N spacing 

6.7 (c) 409 328 0.009 2N spacing 

6.8 (a) 42 28 0.020 2N spacing, increase 
cavern nodes 

6.8 (b) 50 34 0.019 2N spacing, increase 
cavern nodes 

6.9 (a) 82 63 5 0.036 Equidistant spacing 

6.9 (b) 82 63 0.013 2N spacing 

6.10 82 29 5 0.014 Mixed order elements 

6.3 VERIFICATION WITH HANTUSH SOLUTION FOR NON STEADY 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.~), a finite element simulation of the 
Hantush problem was performed. Figure 6.12 compares dimensionless drawdown 
and ~imensionless time at radius 1.0 m, 2.718 m, and 7.389 m. 
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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(19) that 
described the multilayered system. By changing the material properties and 
the layering 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: layered 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 Stud~81rea. Geologic 
Section A-AI is given in Figure 7.2. \ 
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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.Sa depicts the estimated head without layering, Figure 7.Sb the 
estimated head of Trial 2 (with layers), and Figure 7.Sc 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 mIl km 
were assumed for all aquifers systems. The average permeabilities, range 
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FIGURE 7.5. Estimated Hydraulic Heads (h) at the Top of the Kione 
Formation, Which Contains and Conveys Connate Water. 
Figures a, b, and c are the computed 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/m3 

Unconsolidated sand, 6.BxlO-3 lx10-7 - lxl0-2 20 1,700 
gravel, and silt 

Calcareous shale 1.2xl0-S lxl0-10- lx10-3 13 2,300 
partly sandy 

Sandstone B.1x10-S lx10-10- 1x10-2 20 2,400 

Dolomite B.1xlO-S lx10-10- 1x10-2 20 2,7S0 

Cherty limestone S.Bx10-S 5x10-B - 1x10-3 20 2,600 

Do lomite, some S.Bx10-S SxlO-B - lx10-3 20 2,BOO 
anhydrite 

Interbedded shale 6.Bx10-6 lx10-10- lx10-3 20 2,SOO 
and dolomite 

Salt 2x10-1B 2x10-2L 1x10-B O.S 2,160 

of permeabilities, and average porosities for each of the materials are 1 isted 
i n Tab 1 e 7.1. The regional discharge site for the water within the various 
layers is assumed to be a river S 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.B) 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 
Figure 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 1 imestone 

4 Interbedded shale 50 0.006 20 
and dolomite (salt .... caprock) 

4a Fractured interbedded 50 0.06 20 
"'. sha le 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: 
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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. 
5. other physical features affecting the ground-water levels of the region. 

c) Well 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 PROGl 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 
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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 
total number of nodes in the system 
maximum number of layers in a well log 

maximum number assigned to the materials 
maximum number of potential B.C. 

maximum number of nodes located on streams 
maximum number of nodes with prescribed flow 

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

decomposition to upper triangle 
maximum number of surface elements 
maximum total number of elements 
maximum number of time steps 

768 

2560 
20 

99 
768 

128 

128 
20 

2048 

:12~ 

768 
2000 

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 limits 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 
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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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= 4 - if UPPERT was stopped by switch "0" in "ON" position, 
program asks for one more parameter, NREDO, which should 
be 1 if UPPERT was stopped by switch "0", 

= 5 - for additional solution with a different stress case 
after UPPERT has been fully executed, 

= 6 for starting PROG3 in BACKSUB. This is not usually 
needed except on abrupt crash in BACKSUB of PROG3. 

= 7 - for printing the results of simulation, 
ITT = 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 sample illustrative copy of the commands operated 
from the terminal. 
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TABLE 8.1. Explanation of Some Symbols Used in 
Flow Chart of PROGl 

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 a 11 the nodes and a 11 the el ements. 
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 
list of variables is given in the same order as they are listed in 
Figure 8.1. 
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TABLE 8.1. (contd) 

NSEC = flag for termination of one type of data. 
I = material number assigned. 

AMATER = 72 character description of material. 
01,02,03 = are K-X, K-Y, K-Z, OF MAT HI. 

THETA = porosity of Mat HI. 
BETAP = compressibility of liquid. 
PZERO = reference pressure at which THETA is measured of Mat HI. 
ALPHA = compressibility of the medium of Mat HI. 

SPEC = specific yield of Mat HI. 
TSURF = surface temperature 

TEACHZ = increase in temperature each unit depth. 
RRHO = aquifer fluid density with 0 concentration. 
TRHO = reference temperature of RRHO 

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

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

FACT = factor for converting centipoise to other units 
= 3.6 to kg/mhr 
= 6.72 x 10-4 to lb/ft sec 
= 2.419 to lb/ft hr 

NVISC = number of points describing concentration versus viscosity 
relationship 

BR = regression coefficient of viscosity and temperature relationship 
TTEMP = temperature at which concentration viscosity relationship is given 

CON = concentration (ppm) 
VISC = viscosity (cp) 

K = node number (less than 1000) of surface. 
XX = x coordinate. 
YY = y coordinate. 

WTT = 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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TABLE 8.1. (contd) 

BED = depth to bottom of ground-water regime. 
NBB = 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. 

LMAX = maximum number of layer interfaces (layer + 1) at this given node. 
LL = 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. 

ZZ = elevation of each interface if NZELEV = 1. 
= depth increment, if NZELEV = O. 

NSEC = 1, if piezometric head is to be read. 
HEAD = initial condition. 

CONCEN* = salt concentration in PPM of all nodes. 
NODB = node # having prescribed head boundary condition. 

BIV = value of B.C. at this node. 
NFF = number of points in the stream. 

STREAM = four character name of stream. 
NF = node numbers on the given stream. 

ELEV = elevation at given NF. 
NODBF = node number having flux B.C. 

BIVF = prescribed flux M3 T-1. 
K = element number at surface 1000. 

N1 = 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. 

11 6 
3 n 

~~ 1 ~ 
T 

1 5 10 2 

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 ~ side, and third (unit position) for ~ vertical 
(at present this should be equal to 1) as shown in the following 
example. 

12 
3 

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) 

30 

( 
3~_.---

36 

35, 37, 28, 25, 36, 0, 30, 0, 0, 0, 26, 27 • 

... 

,. . 

... 

... 
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TABLE 8.2. Brief Explanation of Symbols Used in Flow Chart 
for Input Data of PROG31 

DETAIL = 80 character description of the trial run. 
NPRINT = 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 = 0 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 E1asped 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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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 0 

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 fo10ws: 
NHEAD = flag for plotting head values of a given material 

(0 = No, 1 = Yes) 
NPRINT = Print option (= 0 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 "HeOPY" 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 user1s 1.0. variables 
followed by the list of variables. 

INPUT FILE USED FOR SIMULATION OF FLOW 
HAIN3.0UT 
NoEX,NELEMP,NoEL,SZNOo,SZELE,KELEM 
O,1,O,.1,.1,O 
FACTOR,XXMIN,YYMIN 
.001,15000.,O. 
LOGS,MSL,ISO,FACTZ,ZMINUS,ANGLE(RAoIAN),YINCREASE,LAYER# 
1,O,1,1,.0004,O.,1.04,1.O,O 
NPENl,NPEN2,NPEN3 
1,1,1 
LSUBo,NSEGM,NTOTAL,NOLOGS 
1,2,10,1 
4,6,8,21,25,28,39,40,41,42, 
200,289,1 
400,403,1 
NSEGMENTS,NO LOG NODES 
1,O 
230,279,1 

Line Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

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

Line #4 
NoEX = flag for plotting node numbers (0 = no, 1 = yes) 

NELEMP = flag for plotting element (0 = no, 1 = yes) 
NOEL = flag for plotting element numbers (0 = no, 1 = yes) 

SZNOo = 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 V-coordinated to the plotting scale. 

This factor is an additional scale factor beyond XYCONV 
specified in the simulation file 

XXMIN = Minimum X-coordinates of the region to be plotted 
YYMIN = Minimum V-coordinates of the region to be plotted 

Line #8 
LOGS = flag for plotting logs ( 0 = no, 1 = yes) 

All 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 "011 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 IYINCREASE I 

FACTZ = conversion factor for vertical coordinates in addition to IIZCONV" 
ZMINUS = 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 V-coordinates are further distorted to avoid 
overlapping of the vertical logs 

LAYER# = 1 (for plotting material numbers at logs) or 0 (for ommission) 

Line #10 
NPEN1,NPEN2,NPEN3 are pen numbers for plotting. Values between 1-3 can 
be specified for each. 

8-25 



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 list of nodes 

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

NTOTAL = 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 

NOLOGS = flag for ommission of logs at specified nodes. For 
stratifcation mapping in a given subregion the e1emination 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 NO LOGS > O. 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 list 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 linear 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 II.GRDII. A sample of 
control file names as HAIN3.GRD is shown below: 

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 
200,450,1 
NFILE,KELEM,FACTOR 
0.0,.005 

Line Number 
1 
2 
3 
4 
5 
6 
7 

First Line of the control file is a dummy read. Second line for name of 
the simulation file used in PROG1. 

Line #3 
LSUBD = 0 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 V-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 ".GRDII and 
II.NODII. In above example user will specify on terminal "HAIN3 11 and the 
program generates HAIN3.GRD and HAIN3.NOD. These two files contain the 
following: 

1. *.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. 

2. *.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 estimat~ 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 DATAl. 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 
KXYZ.FTN 
NODES.FTN 
BONDRY.FTN 
ELEM.FTN 

Main Program 
Subroutine 
Subroutine 
Subroutine 
Subroutine 

2. PROG2:FTN: (to estimate integration parameter for each element) 

3. BAND.FTN: (to find locations of column - identification matrix of 
non-zeros initial (prior to decomposition) of system matrix) 

4. PROG31.FTN: (to read the surface and element based flux rates, steady 
state or transient simulation options, for transient simulation the time 
steps and time variant held boundary conditions (if required) are 
prescribed through this program) 

5. PROG3: (to estimate steady state or transient hydraulic head as function 
of input data read in PROG1 and PROG3I) 

LPROG3.FTN Main 
START3.FTN Subroutine 
ELEMAT.FTN Subroutine 
SYSMAT.FTN Subroutine 
MREAD.FTN Subroutine 
UPPERT.FTN Subroutine 
MREADB.FTN Subroutine 
UPERTB.FTN Subroutine 
BACKSU.FIN Subroutine 
BVALUE.FTN Subroutine 
HWRITE .FTN Subroutine 
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6. PLOTEL: (to plot node location, elements and log details) 

PLOTEL.FTN 
PLMAIN.FTN 
HREADPL. FTN 

Main 
Subroutine 
Subroutine 

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

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

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

GRIDH.FTN Main 
HREAD.FTN Subroutine 
GRID.FTN Subroutine 
GRDFLQ.FTN Subroutine 

10. PLOTBC.FTN: (to plot the held potential) 

11. 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 

O~Z'PROG1,.~P~IP~OG1.U~L/~P 
4SG.Tlti,08ill,DP~:3,~~lb,OP0" 
I 

4r 
81 
CI' 
Dt 
El 
FI 
HI 

.FCTR 
,Feu 
,FCTR 
,FeTA 
,"CTR 
.FeTR 
,,,e TA 
,ROOT 
,eNO 

OPel'ROGl 
rt,1'8~WLI~.OLR/La 
OPi,l(XYZ 
"1'21"'00(8 
"P!'80NI)~" 
(lPiIELE'" 
£4,41 PTIHE 
,.8-14 •• ce, 0, E, F) 

I'lL! NAME. PROGl.tHO 

OP2IPROGI,·OPi'PROGi,OPlll31t,lJPTIM!,tl,1]SNWI,.IB,OlBILB 
I 
'8;·'1'2,I,.PI6,0'1:1 
I 

FILE N4ME- a4NO.CMO 

OP218'~O.OP2:~4NO.OP0'l4,4JPTl"E. Cl,lld~WL16,OL8/LB 
I 
4SG.Tlrc,08~'l,LPI6 

I 

I'lL! NAME. gROG3t,C~O 

OP2IPROG31,.~PlIPROG3I,OP0't4,41PTI~l, 'l,t18NwLI8.0~e/LB 
I 
A8G.Ttlc,080It,OP~",LPlb 
I 

I'lL! NAME_ PROG3,C MO 

OP2It311,31PROG3.LPI/SH-OP0rr311,31P~OG3,OOI,./MP 
4SG-Tllc,oB0'l,L.P:6 
I 
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Ut 
UII 
AI 
al 
c: 
0: 
~Ot 
EI 
£e:t 
Fa 
tH 
101: 
II 

.,eT" 

.prCTR 

.!'CTIII 

.prCTR 

.FCTR 

.FCT~ 

.FCTIi 

.I"CTIII 

.FCTR 
,FCTR 
.,CTR 
.'CTR 
,F,TA 
.fM)OT 
.ENO 

TABLE 9.1. (contd) 

O~21'311,3JP"OG3 
U,4!PTIME 
rl,1'8N~LI8.0~~/l8 
opill r311,llELfJl4AT 
OP21r3tl,31SYS~4T 
Olti! I ~3 t 1,31 "'''EAO 
DPi!.t3tl,31 ",III!&OB 
OPll r311, 11 uppelll T 
OP2It3tl,3Ju~EAT8 
OPi!1 r3U ,318V&LUi! 
OP2If3\1,3l8'CKSU 
OPi!lt3tt,3JIoIwllltT! 
OP21 cH1,31STUT] ".& •• CA~0,I,8,C,O,OO.E,EE",G.H' 

FI~E ~&MEa PLOTEL.C~D 

DP2,PLOT!LaPLOTEL.OOL/MP 
ASQaTr'2,OP~ll:41315.~Plb 
ACT'lL a 6 
I 

AI 
81 
C. 
01 
E: 

• FC TIll 
.FCTIII 
.FCU 
,FCTIII 
.'CTA 
.ROOT 
.END 

OPi!IPLOTEI. 
rl,lJoNwLIs.OLa/L8 
np2,I4REAOPL 
DPi!'PL"'UN 
(4,41ICHR2 
,.a.e:·.ec,O) 

FILE NAME. GIIIIOM.CMO 

DPl.GIIIIOM.GIIIIOM.DOL/"" 
ACTnLa' 
UNITSe' 
ASGeTII2,OP0'1141]15a7,LPlb 
I 

AI 
8. 
C. 
0: 
11 
EI 
HI 

.FCTR 

.FCTR 

.FCU 
,FCTIII 
,FCTR 
.FCrR 
.FCTR 
.ROOT 
.END 

GRIOM 
[1,1]8NWLIB.OL8/L8 
IoIRUD 
GRID 
GROFLQ 
ra, 41 reHR2 
t311,1]PTIMe: 
'.8.e:· ..... (C,I),I) 
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TABLE 9.1. (contd) 

FILE N'~E. PLOT8C.C~D 

OP21'LOT8C,~PI/SH.OP2IPLOTSC,Opal[4,4JICMR2, tl,tl8NwLI8/L8 
I 
ASGaTIlc,O'015,L-:6,TGI3,DB0tl 
I 

'IL! NAME. P~F~UX.CMO 

OP2IPL'LUX,LPI/SH.OP2IPL'LUX,OP01(4,4JICHR2, [1,1'8Nw~I8/L8 
I 
'SG.TI12,OP01S,~PI.,TijI3,08011 
I 

FILE NA~E. GRIDIN.CMn 

OPSIGAIDIN,LPI/SH.GRtOIN, tl,ll8NwLI8/LB 
[4,4)IC~R2 
I 
ASG.TI:a,DP015:114:3,LPt& 
ACT'IL·5 
I 

FILE NA~E. GAIOIT.CMO 

OPtiGRIDITI·G~IDIT,OP01[1,lJ8NwLte/L8 
I 
ACTFIL·~ 
ASG.TI:c,OP~:5:1:314.LPI. 
I 
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9.1 PROG1 AND ITS SUBROUTINES, PROGRAM LISTINGS 

'O~TRA~ IY.PLUS Y02.~lD Ultl1l4 
PROGt.'TN ITRI8LOCK"W-

lGlet 
ena 
lin 
Utl4 
0US * 

• 
* 
* 812106 

0017 

',IlIS 
Il0n 
0010 
0011 
Gl0U 
lUlU 
0114 
1'015 
1116 
0017 
'.11 
Ut9 
line 
11121 
uu 
leu 
1024 
00~' 
0026 
UiH 
eeu 
un 
0030 
eUI 
len 
nn 
en4 

10" us. 
In., 
IUS 
lle3. 
11!04 III 
U41 
111042 
104S 
11/104 
U4S 

C ******* PROGI.'TN *****-*""**1** c.·_--·· ... ····.················--······_············· ................. . 
C THIS ,qOGRA~ READS T~! INPUT DATA. 
C MAKES THREI DIMENSIONAL MI8M ANn GENERAT!S DISKS FOR 
C OTHER PROGRA~a, 

c~·-····-.··-··.·-····-····~··-·····~····-··--·-··-··· ....•...........•• 
BYT! MCR(U) 
COMMON NUM8ER(aS.I),JDENT(1.8),~Ay!RS(7.8' 
COMMON'8~Kt/NOOI(Z.4S),NOORC7.1) 
INCLUDE 'HDR,'TN; 
COMMON/HOR/LN'T,NTT,N8'TC,N~'PTC,NSTREM,NPT,NSELEM,N!L!M.NOOMAX, 

.NONlfH,NQO,MATN,KTYPE,~"AX,~.TJr,NTIM!.NSTORE,NDUM,TITL!(a.), 

.OPI,~Pl,OP3,OP4,DP~,DP.,OP1,OP'9,OPt0,OPtl,DPI2,DPt].OPI4,0'15. 

.D~16.0Pl"DPI8,NTSUR"N!SUR' 
COM~ON/TRAC~/NPRC't,N'RDG2,N8AND,NPA03I,NPROG3,NSU83 
COM~ON/YIS/NVISC,8A,TTEMP,CON(20),YlaC(20),TSURF,TEACHZ,RRHO,TRHO, 

.TCO!F,TYtaC,CONS 
OIMENSION FILEC?' 
CALL GETMeR (~CA,ISW) 
IF CISw,Gr,79, ISW • -40 
I' Ctsw,LT.0) GO TO ttl 
DO 100 l'ISW+t,8~ 

tAl MCq(I)'" 
I U CONTINUE 

II' naW.GT.S) ISW • I 
II' Ctlw,LT.I) ISW • -I 
IF (laW,NE.l) GO TO t31 
IF (MCRC5),EQ,' I,OR,MeRc",la,e, ISW I , 

l' (laW,NE.t' GO TO 131 
OfCODE (41,120,MCRC5) )IUN,NPRINT,NfWRUN,NPINCH,FJLE 

t2e 'O~MAT (415,1A4) 
UI CONTINUe: 

IF (IIW,EQ,t) GO TO 141 
WAIT! (l.,I) 'INTER FILf~Q OISK UNIT' 
RUI) (2 •• ) lUN 

140 I' CIUN.N!." CALL ,SNLUN (I,'DP',IUN,IITAT) 
II' (J5W,!Q,I) GO TO t61 
W~IT! t2,.) 'ENTER INPUT I'lL! NAM!' 
READ (2,t50' I'lL! 

15' 'O~HAT (1A4) 
1&0 N I leHRCI'ILI) 

OPEN (UNIT'"NAM!I'ILI,Ty,rl'OLD',REAOONLY) 
I' (taw.EQ.t) GO TO 110 
W~tT!C2,*)'NPRrNTC0,~),NPJNCHt0IMISSING MATERIAL BY WEDGED ELfM,t l 

+OTH!RWU!) • 
Re:A~ (2,*) NPRINT,N~INCM 
WAtT! (2,*) 'NEW PA08L!MCle) OR IN~UT MODIFICATION(lt); 
R!'~ C',*) NEw_U~ 

ITt I' (NPRl~T,NE.m) CALL PTIME (~) 
CALL O~FIL! (1,'DE8C~IP',25.,IPTRt) 

tet 'ORMAT (2~.4) 
CALL DP~IL! (l.'T~AC!·,t.,JPTRle) 
I~ (NfWRUN.EG.l) CALL DPR CIPTAI8,0,.NPRnGt,&., 
J, CNEwRUN.EQ.l' CA~L DPR (tPTR1.0.,L~pr,94.) 
REAO (5,180) TITLE 
OPt • 25. 
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.*,~ 

'ORT~AN IV.PLUS Y02-,tn .. till 8211 t,-UP-" PAGI i 
PROGl.FTN IT R ,SLOCK., Wit 

"4. 
'1.1 
e'48 II., 
InG!! 
Ina 
1152 ,.,1 
805. 
en! 

1n5. 
'''51 
'051 
1/10" 
11/)60 , .. , 
0062 
IIU 
10U 
un .... 
een 
era .. 
"''' . 111010 
U11 
U72 
\llGI? J 
0014 
~0" 
eUb 
fl0'P1 
0018 
lin 
0080 
0081 
0eea 
0085 
1/084 
RlU! 

0086 
1118' 

0088 
un 

OPI • 4, 
0'" • u. 
D". • 2511, 
Oil' • 2241. 
"111' • 28. 
Oliin • til. 
OPI4 • 1420. 
OPt5 • 2~nz. 
DI'16 • n. 
011'18 • t. 

t·····················································-.. -••. ~ .• -.•.•.. -C IMPORTANT. IF THE YALUIS OF DIMENSIONS HAY! BEIN CHANGED KIEP 
C FOLLOWING VALUES UPDATED, 
c-···--··.·-···~···-·-···············-·~····---·-·-··---........... --.. . 

LNI'T • 11tS 
NTT • "60 
NMU • 2'!b 
NItT • n411 
NITO" • I 
CALL KXYZ (NPRtNT,NZ!LEy,XYCONY,ICONY,HCONY,NSTOP,NS!A) 
CALL NOO!S (NIIIR1NT,NZILEY,kYCONY,ZCONV,HCONV,NSTOl',NSEC) 
CALL SONORY (NSTOP,NS!C,NIIIR1NT,Na!A,HCONY) 
CALL ELEM (NSTDP,NS!C,N"RJNT,NPINCH) 
op, • NELEMt1.t, 
DPl~ • NPT ••• t30. 
OPtl • NELEMtl],.'. 
01'12 • NPT.3.tl 
OPl? • 0 11 12 
01'11 • NI'T-],.'. 
CALL D'W CIPT~l,~.,LNPT,94.) 
CALL O'W CIPTRl,I"NUH8ER,oa"" 
CALL OPw (IPTA1,lt.,IDENT,1bS.) 
CALL Opw (lPTRt,14.,LAYERa.T.'.) 
CALL OPw (!PTR1,t1.,NOOE,2~4a" 
IF rNpqINT.EQ.~) ~o TO 19a 
PAINT 20~, NTSURF,LNPT,NTT,N8PTC,NBFPTC,NSTREM,NPT 
PRINT 21A, N!SURF,NS!LEH,N!L!M,NOO"A.,NONZ!R,MATN 

191 N"ROGt. I 
CALL OPW (lPTRtl,e.,NPAOGt,6.) 
CALL O~FILE Cl,'OTANOQS',O'5,IPTR!) 
CALL OPFIL! Ct,'BYALUE',DPt"IPTRtS' 
CALL oll'tLE (l,'RE8TAAT',OP16,IPTRlb' 
CALL O~'tLE (1,'NCOL',OPti,I'TR1A) 
CALL OPPtLE Cl,'P.LEH!NT1',DPll,lPTRll' 

C CALL UPFILE(,,'UPTRIANG~',OPI2,IPTR12' 
CALL OPFILE Cl,'BACKSUS',OPt3,IPTR13) 
CALL oP,tLE (t,;~LEMAT~1.·,DPb,IPTA6' 

C CALL DpFtL!(1,'Ul'8ACKUP',DP11,tPTRllJ 
IF CNPRINT,HE.I, CALL PTI~! (b, 

2A~ FOR~AT (/120(',~",/5x,'OIMENStONS IN DTHER PROGRAMS HAYE TO SE SE 
.T FOR FOLLOWING ~A.IMUM Y4LUES·I,i\ll.,~TOTAL NUMBER OF SURFACE NOOE 
tSCNTSURF)",TeA,t10/,Z0X,'MAWIMUM NUMBER ASSIGNED TO SURFACE NODES 
+(LNPT).·,T80,I1I/,2\11X,'TQTAL NODES IN THE SYSTEM (NTT)",TS',I,,'I 
.,1~W,·TME 'OL~owtNG PARAM!TE~S ARE RE~ATED TO a.c'I,2~x,iTOTAL NUM 
+aER OF POTENTIAL B,C, ~RESC~t8EO (N6PTC)",TA~,Il0/20X,'TOTAL NUHa 
+ER 0' F~UX 8.C. PREse~18EO CN6FPTC)",T8e,tl\ll/,,~x,'TnTAL NUM8ER 0 
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FORTRAN IV-FLUS V02~51D HtlU 124 PAIiI ] 
PROG1.'TN ITRIBLOCKS/WR 

+' STREAMS 8,C. PRESCRIBED (NSTREM)",T8~,ll~II,12X,'THE FOLLowING 
+ TWO P'RAMETERS ARE RELATED TO STIFFNESS MATRIX'I,2~X,'TOTIL NU~8! 
+R OF UNKNOHN(NPT)",T",lll,/12If'.')II) 

~0~0 III 'OR~'T (laX,'THE 'OLLUWING PARAMETERS ARE ASSOCIATEO WITH EL!MINT' 
+~/20X,'TOTAL NUMBER 0' .URFAC~ ELEM!NTSCN!SUR" ",T80,110/,/20X,' 
+MAXIMUH NUMBER ASSIGNED TO SIJRFACE ILEM!NTCNSELEM)",TI',111/20X,' 
+TOTiL NUMBER 0' ELEMENTS(NELEM) .·,T."Ile/,2ex,.MIXIHUM NUMBER OF 
+ NODES IN ANY EL!M!NT(NDDMAX].',T81,110/,20X,'MAXIMUM NONpZ!RO NO 
+OiS IN ANY ELEMINT'(NONZI~' ",T",lllll,l2X,'THE FOLLOWING la R!L 
+ATEn TO MAT!RIAL NUM8ER A.SIGNED'I,20X,'MAXIMUM NUM8ER ASSIGNED TO 
+ MAT!RIAL(MATN) .-,Tat,111/,/Sl0('.')II) 

'0~1 STOP 
00~2 ENO 

'ROGRAM SECTIONS 

NAME SIU ATTRI8UTES 

SCOD!1 "'02024 'H!2 'hI, 1,CO~,LCt. 
SPOATA nU52 14Ct Ihl,O,CON,LCL 
stOATA 01",2412 645 "w,D,CO~,LCL 
SVAR! '0/11242 81 RW,O,CONd.CL. 
,uu. D.l2/11PtHI 4C11ffb Ihl, 0, OVR, G8L. 
8L IC I 01301110 281b RIII,O,OVR,GBL,. 
HDR 1100H4 94 Fh.,O,OVR,G8L. 
TRAtE 100014 b IIW,D,OVR,GBL 
VIS 01111030" qq RW,O,OVA,GBL 

TOTAL SPACI ALLOCATEn • 0411 fa! 8'508 

,LP.aPAOGt 
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'ORTRAN IV-PLUS VA~-'lO 16101141 PAGE I 
KXVZ.FTN ITRI~LOC~S/WR 

10'1 
0002 

leA] 
0~04 * 

* 
* 
* 

800' 

00~6 
000? 
0 •• 8 
0009 

~0l0 
0011 
Bell 
0elJ 
0014 
0015 

0016 
e011 
0018 
001q 
0020 
eell 
'122 
e023 
0e24 
00l! 
e'26 
le~1 
002. 
e'19 

00JA 
0e]1 

803a 
10]] 
00]. 
le3! 
0036 
00]? 

C ******* ~WYZ,'TN *************** c-----.·----.··.···.··.··.·.-•. ·.··----.· .. · .. ·· .. ·.--.... _----.-----... 
c.·····.--··--·~--·-.··-·-·-.------·-··w.-...... --.. -.. _-.-_.-.. ---_ .. _. 

SUBQnUTINE ~XYI CNP~INT,NZEL!V,XYCONV,ZCONV,HCONV,N5TO',NS[A) 
COM~ON IKkYZI XKC'.),YK(!!',!K(!~',SPEC(50),THETA(50),ALPHA(50), 

.8ETA'(~01,'ZeRO(5~),AMATEQ(18) 
INClUD! 'HON.FTN' 
CO~MON/HnR/LN~T,NTT,NBPTC,N8FPTC,NST~EM,NPT,NSEL[M,NELEM,NOOMAX, 
.NONl!R,N~O,MATN,KTYP!,NMAk,NSTr',NTIME,NSTORE,NOUM,TITLE(10), 
.~Pl,DP~,OP],DP4,OP5,D'6,O",DP8',DP10,OP11,OPI2,OP13,OP14,OP15, 
-OPI6,OP1?,UPI8,NTSURF,NESURF . 
COMMON/VIS/NYlSC,8A,TTEMP,CDN(2I"VISCC2e),TSURF,TfACHZ,~RHO,TR~O, 

+TCO!',TVISC,CDNS 
OIM~Nsro~ UNITS(2) 
DATA UNITS/' L/T',·L**Z'I 
HA • 5~ 
CALL OPFI~E ll,·PROPERTY·,OP2,IPTR2) 

C--··-··-------.·-·-.--.·-·-··---·-·.--.~----·------.·--... -.-.-~ .. ----. C VALuE 0' HA SHOU~D eE CHANGED AS PER THf DIMENSION OF XK,yK •••• 
c·····----··-.·.-···--.·····.·.·.--·-.··.---.···----· ............ -----.• 

IF (NPRINT.NE.0) PRINT lS', TITL! 
REA~ (5,150) NZEL[V,KTYPE,PERCON,XYCONV,lCONY,HCONY,NS!A 
PRINT t9~ 

IF (NPAINT.GE,2) PRINT 21B, PERCON,WVCONV,ZCONv,HCONV,KTYPf,NPRINT 
1M • 1 
IF r~VTPE.EQ.l.DR,KTYPE.E~,Z) 1M • 2 

e··---···-·--··~······-····--·-·····-·-~.·-----·--------...... _-•....... 
C MATERIAL pROPERTIES 
c-----··----······.···············---··.··--·········-..•... ---.•..... --

HATN • ~ 

IF (NPRINT.Q!,2) PAINT 24. 
101 ~EAO (5,140) NSEC,I,(AMATER(Jl,J.l,18) 

I' (NS!C.NE.I) GO TO 1'1 
I' (1,r.T.~ATN) MATN • I 
IF (t,lT.HA) GO TO 110 
NSTOP • t 
PRt~T 2!A, I,MA 
GO TO 100 

110 RfAD ("t~0) DI,02,O],THETA(J),8!TAPCI),PZEAO(I),ALPHACI),SPEC(I) 
XK(I) • p!RCON*Ol 
YK(!) • PERCON*D2 
IK(t) • P~RCON*D3 
I' CWMtJ).EQ.0.B,OR.YK(I),!Q,m,e.oR.ZK{I),EQ,0.0) WRITE (2,*' 'MAT 

+",I,-XK,yK,OR ZK IS 1,O .CHEtK_*VALUES ARE',XK(t),Y~(I),ZK(I) 
IF (NPRINT.LE.t) GO TO 100 
PRT~T ~20, I,(AMATeR(J),J.l,l~l,X~(I),UNITS(tM),Y~CI),UNITS(tM', 

+ZKCl),I)NITS(IM),THETA(I),ALPHACI1,BETAP(J),PZEROCl),SPECCI) 
GO TO 100 

lie CONTINUE 
CALL DPW (IPTR2,0.,XK,800.) 
CALL OPCl cr~TR!) 
IF CMATN.GT.MA) PRINT 200, MATN,HA 
IF (KTYPf.f~,W' CO TO 130 

ep·---·--------·-···-~.-~--.·-.··.---.--.---.----~-------.----.. -------. C lTNEAR RELATIONSHIP ~ETwEEN TEMPERATUQE ANO OEPTH ASSUHfO 
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FORTRAN tY~PLUS V02.~lD 1&IA1141 PAGE 2 
KXVZ.FTN ITRIBLOCKS/WR 

c 
e 
e 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

TSURF a 'U~'AC! T!M~I~ATUR! 
T~ACHZ a INC~!AS[ IN TIMPERATURE EACH UNIT DEPTH 
RRHO a I~UIFER FLUID OENSITY ~ITH 0 CONC!NTRATION 
TRHO a ~!'ERP.NC! TEMPERATURE OF THE RRMO 
TCOEF a COEFFICIENT OF EXPANIION PtR UNIT CHAN;E OF TEMPERATU~! 
TYISC • VISCOSITY OF AQUiFER FLUIO AT TRHO 
CONS a CONSTA~T TO !STI~ATE HVORAULIC CONOUCTIVITY IN GIVEN 

UNITS USEO FOR YISCOSITY, GRAVITY, OENSITV ANO HEAO. 

FOLLOWING IS 8RIEF LISTFOR SOME CONYERS ION FACTORS 

CfNTIPOtS!.].~ a KG/(M)(HR) 
C£NTI~OIS!.&.72'1~,E.4 • L~/(FT)(SEC) 
CENTIPOISE.,.419 a LB/(FT)CHR) 
CONS a GRAVITY TEAM (IN APPROPIAT! UNITa)/CASOYE FACTOR] 

a PERMEABILITY.OENSITy.G/VISC08ITY 
a eONS. PfRMEASILITVCL'*!)*O!NSITVC M/L**3)/VISCOaITY(CP) 

c--·--··-.·--···-···-··-··-···-··-·~-·····-···---·-··· .. -.•.•.• -... ---.~ 
1038 REAO (',1&0) TSURF,TEACHZ,RRHO,TRHO,TCOEF,TVIsc,eONS 
0039 I~ fNP~lNT.GE.I) P~lNT Z61,TSURF,T!ACHZ,R~HO,TRHO,TCO!"TVISC,CONS 

c···-··---····.··-·-·······-.······~-·-···-·------····--... ---....••. -.~ e VISCOSITY.T!MP L!AST SQUAR! RELATIONSHIP AND VISCOSITY.CONC!NT~ATI 
C THFS! .A~AM!T!R' AR! READ I~ KTYP! • Z 
c-···--·~.----·~·······-···-····--·-··--·--·--·------·.--.-.-........ _ .• 

0040 IF (KTyPE.NE.2) GO TO I), 
0041 READ C~,17B) NVISC,eR,TT!MP,CCON(I),VISC(I),I a1,NVISC) 
e04f JF(NPRrNT,GE.2JPRINT 2'0,NVISC,8R,TTEMP,(CON(I),VlSCCI),l a l,NVISC) 
004] 130 RETURN 
e044 t40 FOAMAT CII,14,18A4) 
0e4S lSI FORMAT (~IS,4'11.0,1!) 
I~4~ I&A ~ORMAT (8E10,]) 
004J 170 FORHAT (It~,Z(t0 4/lA(8!10.4/») 
1048 180 'O~MAT (11120[·,')II,8X,20A4,11120('.')II) 
1049 190 FORMAT (II) 
00'0 .8' FORMAT (' "AT",t", MAT~',15,' PROGRAM SHALL Sf STOPPED') 
0051 210 FORMAT (/t21('.')/,I,SX,· VALUES OF CONvERSION FACTORS SPECIFIEO'I 

+/1Z~C'.·JI15K,·CONVERSION FACTOR FOR PERMEABILITY DATA',TTI,'11,4 
+,115.,·CONV!RSION FACTOR POR XY-COORDINATES',T70,F10.41",K,'CONV! 
+RSI0N FACTOR FOR Z.COQROINATE8',T10,'\0.41',5K,'CONVERSIQN FACTOR 
+'OR Mlal)(80T~ t~ITIAL AND B.C.)',T10,FI0.211,5X,'KTYP! ",T1~,!'11 
+I,~W,'F~'G FOR CONTROLLING THE LEVEL OF PRINT OUTPUTa',T7_,llel" 
+120('.-)/) 

1052 220 FORMAT (IH0115W,2JHPRQPERTIES FOR ~ATERIAL,14,4K,8H"" ___ "1,5K,1 
+8A411,I~x,'~-xa'T'0,GI5.~,A4/,10x,'K-ya',T50,Gt5.&,A4,/1AX,'K-Z.', 
+T50,G15.6,A4,/10X,'THETAa',T50,Gl'.6/,10W,'MEDIUM COMPRESSI8ILITY' 
+,T5~,Gl!.b,' l/L'/t0W,'FLUID COMPR!SSIAILTV',T5~.GI5.&,' I/L'I,llx 
+,'~EFERENC! PRESSURE MEAD OF THETA',T50,GI5.2,' L'/,IIK,'SP!CIFI 
+C STORAGE COEF~a;,T50,G15.&,' t/L'/) 

.e53 alP FORMAT (115~,'MAKIMUM MAT. REAO IS',IS,'WHILE OIM!NSION!O FO~',S51 
+,5X,'CHANG! THE OIMENSION OF MATERIAL PROPERTIES'II,S.,' NOTE .- P 
+ R 0 G RAM ~ HAL L 8 F. S 8 TOP P ! 0'11) 

,o54 i4e FORMAT (lH111) 
meS5 250 FORMAT (lH111,5K,'NUMAER OF POINTS O!'I~ING VISCOSrTY-CONCENTRATJO 

+N RElATIONSMIP',T50,I10115X,'LEAST SQUARE FIT FOR VISCOSITY-TEMPER 
+ATURE ',T5~,Gt~.4115K,'RE'IR[NC! TEMPERATURE FOR VISCOSITY·CONCENT 
+RATION DATA',T~~,G10.41IS~('0X.'CONceNTRATION(PPM)',G15.4,leK,'VIS 
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,,,. 

FORTR'~ IV-PLUS v~~.~ln 16HllUl PAGE 3 
KXYZ.FTN /TRIALOCKS/w~ 

+eo~rTY(CP)',G'~.4,/)) 
00" '61 'DA~AT (115~,'8UAFAC! T~MPERITUAE',T50,G18.4,' UEGREES'II,5X,iYN 

+eR'.!! l~ TEMPERATURE fAC~ DEPTH INCREMENfCTEACHZ)',TSe,G10.4,' 
+O!r.R£F.~/U~IT OEPTH'II,SX,'nfNSITY OF AQUIFER FLUID AT 0, CONCENTRA 
+TION(MR~O)',r5~,r,10.4,· M/L**3'/1,5x,'AEFEAENCf TEMPERATURE FOR 
+"RA~O" (TAHOJ',T50,Gl~.411,5X,'COEFFICIENT OF FLUID EXPANSION DUE 
+TO TfM~EAATURE(TCO!')',T50,Gt0.4,· M/(L**3.DEGRE[)'11,5X,'VIStOS 
+ITY AT RfFER!NC~ TEMPERITUAE(TAHO) ~EEOEO ONLY FOR KTYPE81',T50,Gl 
+0.41/,5X,fCO~STANT (CONVERSION FACTOR) TO OBTAIN K FROM INTRINSIC 
+V'LUES(CONS)',T5~,G10.4/,15X,·THIS SHOULD BE E~UAL TO FOLLOWl~G DE 
+P[NOINr, UPON TH! UNITS U8En'I,15~,' GRAVITY UNITS/APPROPIATE CONY! 
+ASIO~ co~STANT FOR VISCOSITY'/15X,'GIVEN 8E~O~ ARE SOME CONVERSION 
+ '1,20X,·CENTI POISE.3.6. .• KG/(M)(hR)'/20X,'CENTJPOISf*6,1 
+2*t~!.4 8 LB/('T'CS£C)'ll0X,'C!NT1POIS!*l.419 • L8/(,T)CH 
+R)'II) 

0051 ENO 

PAOgRA,. SECTIO~' 

NA,.E SIZE ATTRI8UTU 

ICOOEl O,,2402 641 Iitw,r,toN,LCL 
'POATA 01/10102 H RIo/,O,CON,LeL 
unATA 003 7I1J4 994 RI1I,O,CON,LCL 
IVAn 11'00046 19 AI1I,D,CON,LCI. 
KxYl 0032l11l 83e. RW,D,OVR,G8L 
140A 000214 94 Ih.,O,OYR,08L 
VIS 11110.51'16 -n RIoI,O,DVR,GBL 

TOTAL SPAC! ALLOCATED 8111U4U I!JU 

,LP,WkXYt 
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FORTRA~ IV-PLUS V02-510 161111159 
NOOeS.'TN IT~I~LOCKS/~~ 

enl 
101112 
00'" * • • 

* 11.10U 
0111111, 

en" 
0007 
Gt0"'8 
0009 
0UA 
IIIC1ltl 
80li! 
0011 
111014 
"U! 
0016 
Ul7 
tillite 
0019 
01'120 

'''''1 fl022 
00&'.' 
0024 
U2' 
"'~2" lIIt'1n 

0028 
"'1'129 
21030 
"'1'131 
"'032 
0033 
1'1030 
0~35 
01'13b 
tl0H 
l'iel38 
0039 
0040 
00 41 
00"2 
0"'43 
0044 
0045 
1111'14& 
0041 

C ******* NODES.'TN *************** c········.·-_·-.···············--············ __ ·······-.--•. --.----.... ~ 
c·----·~--·-·····-~··-·-····~·-··---·--·--···-----·---.... -.--._ ....... . 

SUAqOUTI~! NODES (N~~INT,NIELEV,XYCONV,ZCONV,HCONV,NSTO~,NSEC) 
INCLUO! ;HOR"TN~ 
CO~MON/HDR/LNPT,NTT,N8PTC,N8'PTC,NSTREM,NPT,NSEL!M,NELF.M,NODMAX, 

.NONZER,NQO,MATN,KTYPE,NMAX,NSTIP,NTIM!,NSTORE,NOUM,TITLEC21!1), 
'OPI,OPi?,DP3,OP4,"P5,OPb,O~7,DP89,DP1",DPll,OPt2,npl',OP14,OP15, 
.OPI&,OP17,OP18,NTSUR',NISUR, 
CO~MON INOOEII XC25.),Y(25.),Z(25.),'ACTOR(2!1.),HEAD(25b),RHD(I'b) 
CO~MON/VI8/NVI8C,8~,TTEMP,CON(21!J),YISC(20),TSUR',TEACHZ,RRHO,T~HO, 

+TCOfF,TYISC,CONS 
Dt~(NSION CONCEN(20),LL(20),ZZ(l0),Z5(l0),~M(201 

CO~~ON ~UM8fA(a!60),IQt~T(168),LAYfRS(1&8) 
CALL OPFILf (l,'.YZCO~',OPJ,I~TAJ) 
CALL O',rLE (1,'FACTO~',opa9,I~TR89) 
CALL O"ILE (1,·HEAO',D P14,IPTR14) 
LN - LNPT N! _ NTT 
NNE..., - 0 
NMl)( • i'3o 
no 100 I-l,ia 

1~0 CONCfN(Il - 0.0 
LNPT - " 
NSTnp • '" NT _ II! 

NONHR • 0 
~SAvE - 10i'J0I 
KSAV! • 1"'~1/J 
PAt; • 01, 
IF (NP~INT."E.2) PRINT 48~ 
00 3t1!1i'l 1.1,1"'1'10 
REAO (5,3&0) NSEC,~,XK,YYr~TT,~EO,NB",LMA)(,(LL(J),Zl(J),J.l,LMAX) 
TF (NP~'Nr.E~.4) PRINT 4~~, NSEC,K,)(X,YY,WTT,BED,N88,LMAX,LL(1), 

+CZZ(J),LL(J+t),J.l,LMA)() 
IF C~S€C.NE.0) GO TO 29111 
IF f~TVP!.EQ.l) READ (5,)8111) (CONC!NCJ),J.l,LMAX) 
L'V~~S(K' • LLfLMAX)/t0!0 
IF (NZ"LEv.EQ.t) GO TO 110 
IF (~fn.r,T.0.0) GO TO 110 
P~,"'T 1I91l!, "fO,K 
NSTQP • 1 
r.0 TO lI('o~ 

110 00 '?~ J.t,LMA)( 
tU lZ r.1l • 7Z (J) *lenNV 

IF (K.FQ.~S'VE) PQINT 410, ~,NSAVE 
lOt • ~'(u,(CO"'\1 

Y'I • YV*KVCUNV 
NSA"r: • K 
1(1( • I(/t'llll 
IF (NZFLF.V.EQ.l) GO TO 15~ 
t'UM • ~.I)I 

no 13~ J.l,LHAl( 
131/1 811M. ,,1I"'tZZ(J) 

IlJF • (HJ;.Il-SI.IH) I!lLJH 
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~ORTR.N tV-PLUS V~2.510 1~1~1159 PAG! a 
NOQES,FTN ITRI~LOCKS/wR 

0048 SUM • 0.~ 
004. %5(1) a ~TT 
'050 WMtl) • wTY 
0051 DO 140 Jal,LM •• 
0052 ZZCJ) a ZI(J,*(t+OtF) 
0053 SUM. SUM+ZZ(Jl 
0054 Z5eJ+l1 • wTY-SUM 
0055 WMeJ+l) • ~TT 
005b 140 CONTINU! 
0057 GO TO 171 
0~58 150 15(t). 11(1) 
0059 WMtJ) • WTT 
00&0 no 1~~ J.2,LMA~ 

00b1 15rJ) • ZZ(J) 
0062 1&0 WM(J). WTT 
0Bb' 110 JJ. 0 
0064 LAST • 0 
BBb' rSTU~ • ~ 
00&6 00 3~0 J.l,LM •• 
00., IF CLL(J).EQ,0) GO TO 220 
0068 JJ • JJ+1 
0069 LLL • LLeJ) 
007~ l' (JJ.E~,lJ GO TO 180 
0071 KK • LLL/100 
0072 LAST • LLL-KK*t'I 
001] IF (KK.LT,KSAV!) ~RIN' 420, KK,KSAV!,K,J 
0~74 GO TO 190 
0015 t80 KK. 0 
0016 190 IF (~K.!Q.KS.V!) P-INT 440, KK,KIAVE,K,J 
0017 KSAV! • KK 
0078 NT • NT+l 
0079 IF [NT.GT.NJ) GO TO 21e 
0080 NNN • ~.KK*1000 
00S1 IF (K.GT.LNPT) LNPT • K 
00e2 IF (K.GT.LN) GO TO ae. 
0181 NUM~ERrNT) • NNN 
IA84 IF (JJ.E~.l) IDENT(KJ • NT 
10~' NNE~ • NN!~+1 
10e, W(NNEwl • XX 
0087 V(NNEWl • 1V 
0e&e I(NNF.w) • Z5(JJ*ZCONV 
eeS9 HEAO(NN!wJ • WM(JJ*HCONV 
e091 ~O TO l2' 
1091 lee NSTOP' t 
e~92 P~tNT 4&~, ~,LN 

00'3 GO TO ap.e 
0094 ?10 NSTOP. I 
0095 22~ CONTrNU~ 
109& IF CKTYPE.!~.0.AND.NP~lNT.LE.l) 00 TO 28~ 
0097 IF (KTYPE.EQ.0) GO TO 24~ 

c-·-·-----------·-···-----·-·--··---·-·~·--·-----·-------.-.----------.. C LIHF.AR RELATIONSHIP OF TE~PERATURE wITH DEPTH HAS 8E!N ASSUMED e···_·· _______ ·_···· ___ · ______ · ___ · ____ · ______ R _______ -----.----~.-.-••• 

IP • l5(1)-Z5(J) 
T~MP • TSUR'+TE'CHI*l~ 
RHOCNNEW) • RRHO*(t+TCOEF*(TfMP-TRH01) 
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FORTRAN IV-PLUS v~i-~'~ 
NODES.FTN ITRI~l~C~S/wR 

1101 IF (KTYP!.!Q.l' X~E~ • TvrSC*ExPCBR*(l/TEMP-l/TTEMP» 
1112 IF (KfYPE.Nf.21 GO TO i30 
1103 CONC • CONCEN(J) 
11'4 CALL MF.W (XMlW,NVlSC,CON,VISC,CONC) 
1105 RMO(NNEW) • RHO(NNfW)*(1+CONC*1.E-6) 
el16 XMF.~ • X~E~*EX'(8R*(I/'EMP-t/TTE~P» 
1,1' all FACTOR(NNEw). RHO(NNEW)*CONS/XMEw 
IlIa 241 %F (NPRINT.LE,l) GO To aal 
II" N • NUM8ER(NT) 
011e IF (N.GT •• 99) GO TO 150 
Ittt IF (NPRINT.NE,t) PRINT 450 
1112 GO TO l6~ 
Ill] ~59 IF (NPR1NT.EQ.J,OR.NPRINT.EQ.5) GO TO "I 
e114 IF (NPRINT.!Q.3) GO TO 260 
Itt' GO TO 280 
0116 a69 IF CKTVPE,£Q,0) roo TO 270 
el11 P~tNT 430, NT,N,XX,VY,Z(NNEw),HEAOCNN!W),TfMP,RHD(NNEW),XMEW, 

+CONCfNeJ),FACTOR(NNEWJ 
01ta GO TO 281 
lit. 2,1 PRINT 43~, NT,N,XX,YV,Z(NNEw),HEAO(NNEW) 
1110 280 IF (NNE~.LT,NMAX' GO TO Je~ 
el11 2.. IF CNNE~,!Q,0) GO TO ll0 
IS22 CALL OPW (IPTRJ,PAS,Z,512,) 
1123 CALL OPw (IPTA1,'AS+20"X,'11.1 
Ill4 CALL OPW (IPT~3,PAG+4a"y,512,) 
0125 NNEW • 0 
0126 CALL OPW (IPTR14,PAG,HEAO,'12,J 
0121 IF (~TYP!.N!.0) CALL OP~ CIPTR8.,'AG,FACTOR,512,' 
0128 IF fKTVP!.~E.I) CALL uPw (IPTR8~,PA'.41"RHO,'t •• , 
0129 IF (NSEt.NE.') GO TO )11 
1130 PAG • PAG+2. 
0,31 30' CONTI~U! 
0132 Sl0 NTSuRF. I-I 
0133 IF (NPRtNT.NE.0) pRINT 511, NT,NTaURF,LNPT 
0134 IF (LNPT.GT.LN) 'RINT 'ee, LNPT,LN 
0135 NTT • NT 
0136 IF (NTT.GT.N) PRINT 4,e, N3,NTT 
It31 IF (NSTOP.EQ.tJ STOP 
0138 LOrAT! • 1 
et39 IF eNPRINT.EQ.4) PRINT 410, NSEC,LOCATE 
0t40 IF (NSf-C.NE,i) GO TO ,5' 
0141 NTtMES • NTT/NMAX+! 
0142 NMM • NMAX 
0143 00 34~ 1.1,NTIMES 
e144 IF tl,EY.NTIH!S) N~M • NTT~NMA~*(I.l) 
014, IF (CO~VER.!Q.~.~.OR.CONVEA.fQ.I.I) GO TO 330 
0146 REA" ["J80) (H!AO(J),J.l,NMHJ 
~14' no 32~ J.l,NMH 
014' 320 H(AOeJ). HEADfJ,*HCONV 
014' 330 PRINT 530, (NUH8EA((r.l)*NMAX+J"HEAO(J),J.l,NM~) 
0t5' ANMH • NHH*2. 
It!' 340 CALL OPw (lPTR14,1*2.-1,HEAD,RNHM) 
'15. PRtNT '2~ 
015, REAn (',31') HaEC 
el'4 '5. CONTINUE 

c·····---··-----···--··.·.·.·.···.--·.·---·-----·--·---... ---...•.•..••• 
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.... 

~ORTRA~ IY.PLUS V~Z.510 Utrill1S9 
NonfS.PT~ ITRI~LOC~S/WR 

'I" II 5., 
It 51 
!!II5a 
111159 

1111611 
111161 

91"2 
0163 

0U4 
IIIU5 
Gllft& 
1111&7 

01&8 

IHU 

011~ 

0111 
917~ 

0\ 13 
f11174 

PROG"AM 

NAM! 

sconEl 
IPnAlA 
1l0AU 
SVARS 
ITEI1PS 
I10R 
NODES 
VIS 
,SSJ$. 

e POA"1AlS 
c------··--·-····-·----····-~·····-·--········-····~·-.•. -.--...... -... ~ 
3U 
319 
360 
H0 
41219 

410 
1120 

4311 
44C!1 

450 
II bill 
410 
480 

..,0 

Sill" 

'H0 

52' 
'53" 

~URM'T (tl,III,4~tlll.2,315,llt.,(~e.I,15)/» 
FORMAT (11,14,'10.9) 
"O~M'T (\fI,.5.0) . 
FORMAT (I' WAR~lNG •• CI1fC~TOTAL nEPTH',Fa.2,' ~OR NODE ',15/) 
'O~MAT (2.,'COPy 0' COOROI~ATE DATA CA~O·,lJ,14,4'11.2,3I5,/32X,2( 

+&(F8,1,1"1) 
~ORMAT (' NSEC.',13,' AT LOCATION.·,IJ) 
~OAMAT (' NEW NonE. PREVIOUS-KK',I5,' KSAVE',I5,' NOD!.',I5, 

+' INTERFACE ',15) 
FORMAT (2J9,5F10,I,F10.3,3!1~.3' 
~DR~'T (0 HOW CO"1E TI1E NEW KK',IS,~IS SAME AS PREVIOUS',I5,' NODE' 

+,15,' INTERFACE', IS) 
FORMAT (II) 
FOAMAT (~ NODE',I5,' QREAT!R THAN LNPT',I5,' PROGRAM SHALL STOP') 
FORMAT (i PRESENT NODE 15',15,' • ~R!VrOUS NODE WAS ',15/) 
FORMAT (1~11,,120('.'J/,'3X,· COORDINATES AND OTHER OETAILS OF fAC 

+~ NonE'I,120('-')11,4X,' INT!~NAl USER X-COORD, Y-COORO, z­
+con~o, INJTIAL ~,'T!MP C OEG RHO KMEw CONCENTRATION FACtOR'/4K 
+,' N~OE. NOO!.',33X,'~EAO',32.,· PPM') 

FUR'1AT (/5X,'PRESCRI8EU NTT.',I5,· WHILE NEEDED I ••• ,I~,'I!X,'N 0 
+T F. • - • R 0 G RAM 5 11 ALL B 1ST 0 P ~ ! D'/) 

FORMAT (115X,'PRESCAI8EO MAXIMUM NOD! NUMBER 0' SU~FACE Non! RIAn 
+ AS',I',' wMILE OIM!NSID~EO FOR(LNPT)',I5,1110X,' , R 0 G RAM 
+ S ToP P ED ••••• CMEC~ THE INPUT OATA oR CHANGE THE DIMENSION 
+; II) 
FO~MAT (/lIX,'TOTAL NOUES IN SVST!M.·,T80,I7/,l0X,'NUMAER 0' SURFA 

+C! NOO!S',T8~,I7,/10X,'MAKIMUM NUMBER ASSIGNED TO THE SURFACE NODE 
+',TAtlI,t71) 

FOqMAT (/120('.')/) 
FOR,1A' (tHtll,12~(;.',,1,5X,'PRESeRIA!D INITIAL r.ONOITIONS'/120('­

+')11,20~(4{' NOOf",I6,' I1E10.','8,0)/») 
RnllRN 
[NO 

SECTIONS 

SIZE ATUIBUTES 

00537., tll~1I qW,l,CON,LCL 
0~0IQ1112 11 RW,O.CON,l,Cl. 
~02HI/I & 3& R\1I,Q,CON,LCL 
00101714 23<l qoO/,O,CON,LCL 
fl'00ftl10 II Ihl,O.CO"J.LCI. 
00111274 q4 RIIj,o,OVR,~flL 

0114\1101'1 Jr-1? RI~,IJ, ov~,r;BL 

"'!1103111b qq Rw,I),()V~.GBL 

r112 rII "'III ill 4t:19" Rw,U,aVR,G6L. 

rOUl SPiCr: ALLO!;ATEn • "'45"'50 q&52 
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FORTRAN IV-PLUS V12.510 16102132 P4G! IJ 
NODES,'TN IT~18LOCKS/wR 

10~1 SUBROUTINE Me~ rWHEW,NVISC,CON,VISC,CONC) 
eee2 DIMENSIUN VISC(NVISC), CON(NVISC) 
le0] DO 1]0 I.I,NVISC 
le04 I' (CO~C.GT.CON(I)) GO TO 130 
1005 TT • C~NCI) 
1006 I' (CONt,NE.TT) mo TO 1'1 
0007 YY • Vtse(l) 
1008 GO TO 140 
'0" tea I' (I,NE.I) GO TO 110 
~01e y, • VtSC(1) 
0011 GO TO 140 
0012 110 IF (I.NE,NVISC) mo TO 120 
0013 YV • vrSC(NYIIC) 
0014 GO TO 140 
0015 120 nl'. vISC(I)~V!SCCI.1J 
001~ COtF • CONtl.I)-TT 
0011 YV • vIscrlJ-CDIF*(CONC-TT)/COI', 
ee18 GO TO 140 
011. 130 CONTINUE 
e020 YY • VJSC(NVISC) 
eell 140 WMEw. yy 
0012 RETURN 
00l] !NO 

""OQIt A III SECTIONS 

NAI4E au! ATTRlI!IUT!S 

aCOOEl 1800462 153 AW,I,CO"l,LCI. 
IIDATA "00040 16 "W,D,CDN,LCL 
IVARS ClIflle2a 9 RW,D,CON,LCL 
ITEMPS 0111811U 1 ItW,D,CON,LCI. 

TOTAL SP4ce ALLOC4TED • 180054& 119 
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-. 

'O~T~AN rY.PlUS v~2.510 PAG! 1 
IONDRY,fTN ITRle~OCK"WR 

tlat 
IUI02 
11111113 * * 

* 
* 

101114 
eel'll! 
111006 

1110U 
01/J0fJ 
11101119 
00U 
1011 
1111HZ 
0013 

'''''' ",u, 
0016 

00" 
U18 

1110" U20 
'021 
0022 
1021 
0024 
0025 
(lUft 
1027 
0028 
IUIn 
0UVJ 
0031 
0032 
103) 
011Jl4 
0035 
01Uft 
0037 
\HIla 
UH 
1040 
0041 
111042 
0P143 
1144 
111045 

C tttt*t. 90NORY.fTN tttttttttt* 
c· __ ···········.···--·································.-.-••••• ~ •.•..••• 
C SUAROUTIN! fOR ReADING TM! BOUNDARY CONDITIONS 
c·--··-··-···-········-·····~··········~·-···~·-···---•••••••••••.....•• 

SU8ROUTI~E RONORY (NSTOP,NSfC,NPRINT,NSEA,HCONY) 
INCLUDe 'HOA.FTN' 
COMMON/HOR/~NPT,NTT,N8PTC,N8FPTC,NSTAEM,NPT,NS!L!",NELe~,NODMAX, 
.NONZ!~,NQO,MATN,KTVP!,NMAX,NSTtF,NTIME,N8TORE,NOUM,TITLE(20), 
.OP1,OP2,OP3,OP4,OP5,OP6,OP7,OP8.,OP111,OPll,OPI2,OP13,DPI4,OPI5, 
.OPI6,OPI7,DPla,NTSUR',NISURF 

COMMON NUH8!R(2560',rOENT(7b8l,LAVERS(768) 
CQMMON/BLK1/NODE(2048),NOD8(768) 
COMMON IBNORY/A!VC7b8),ervfCti8),STR!AMC128),fLEVA(6),NrC6,12el, 
+NPOtNTfll8),NrLUX(7ft8),~!NGTH'168),!L£YC768),NOOA'(12el 

DIMENSION HEAD(296),X(256},Y(256),Z(256) 
CALL OPFrLE CS,'80UNDCONO',OP7,IPTR7] 
CALL DPFILE (1,'HEAO',QPI4,IPTR14) 
CALL DPFILf (1,'XYZCOR',OP3,IPTR3) 
loft • 512 
1 • I 
LOCHE I 2 
IF (NPRINT.fQ.4) PRINT 551, N8EC,~OC'TI 
Ir (NSEC.NE.I) ao TO 161 
NMM • III 
NMAlCS I 76e 
PAG • e. 
CALL DPR (IPTRI4,PAG,~!Ao,512.) 
CALL OPR CtPTRJ,PAG,2,S12,) 
IF!.AG • t 
IF (HCONV.fQ.0.0.0R.HCONV.fQ.l.0) IFLAG • 0 
00 140 III rl01110 
READ (',320) NafC,"p,!l 
IF CNPRINT.!Q,4) WRIT! (6,360) NS£C,~P,BI 
IF (NaEC.NE.I) GO TO 16. 
IF (l.~T.LP) GO TO .,. 
IF (IFLAG.EQ.ll 81 • eI*HeONV 
NT I MODCMP,10011 
NT • InENT (NT) 
IF (NT.L!.0.0R.NT.GT.NTT) GO TO 130 
00 120 JINT,NTT 
IF (MP.NE.NUMB!R(J» GO TO 120 
NOM(!) • J 
NM • (J-l)/NMU 
IF CNM.!~.NMM) GO TO lei 
CALL OP~ (IPTRt4,PAG,HeAo,512.) 
NM", • NI\ 
PAG • "'''Ita. 
CALL UPR (IPTR3,PAG,Z,'12.) 
CALL aPR (IPTRt4,PAG,HEAD,512.) 

100 M. J_NMtNM,. 
tr (~r.Nf.0.0) GO TO 110 
IF (l C"') .GE.'1.Q!) GI) TO "ill 
IF fNSFA.EQ.~) GO TO II! 

c-----.-.--.-.-------------.-.. -.-.-.-.·-.----------.----.-----.---._.-. 
C THt~ IS DONE fO~ ACCUuNrt~G SEA WATER OENSJTY 

c···-···--·-·-----------··-----------·-·-------~---------.-----._.--._--
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rORTQAN IV-P~US V02-510 16111121] 1 
BQNORV.FTN ITRIRLnCKS/~R 

011146 
0l'1li1 
0046 
(:'I~49 

0050 
00'51 
00'52 
\lI0'n 
0054 
0055 
0056 
'11051 
e~58 
00'59 
00&111 
00bl 
P!0ft~ 
r'0b3 
"'0b4 
00&'5 
00(1) 
00&7 
~~I)" 
Q'916Q 
01'111?I 
Dl071 
IHHZ 
DlA1] 

0074 
01H' 
1/!~1& 
0011 
I81H8 
9079 
Dl0~QI 

0081 
(!)0eZ 
0~A3 

0AM 
QlQlfI'3 
008ft 
0(111\7 
008e 
0M9 
001J1II 

'''59, 
1'J1II92 

QJ0~3 
0094 
0095 
0096 

""0 en 
0098 
Gl0~~ 

01110 

110 

12~ 
131/1 

140 

150 

t10 

81 • -Z(l1)*~.0~5 
HEArl Pll • 141 
Alv (0 • RI 
GO Til t40 
CONTINUE 
~RtNT 370, 1,NOOA(J),NT 
NOrl~H 1) * " 
CONTINIJE 
GO TO t60 
NSTn" * t 
PRPIT 11\~, L,P, I 
STOP 
N8"TC • r .. l 
CALL np~ (lPTHI4,PlG,HEAO,512.) 
T~ (N~PTr..LT.0] N8PTC • 0 
no t71.l X*t,LNPT 
LENr.THCll * 0 
fL,FV (0 * ~.III 

NFUIII (0 • " 
r a 1'1 
NSTPEtl a " 
LUCATe • 3 
IF (NPRINT.E~.4) PRINT 350, NS!C,LDCAT! 
IF (NSEC.~E.3) GO TU 220 
NMM a '" 
PAr. a "'M~*? 
CALL OPR (IPTP3,PAG+2~"X,~12.) 
CALL OPR (IPTR3,PAG.4~.,y,~12.) 
I • 1 + I 
OQ tq:~ J a l,4 
"If' (J,ll a 0 
REAO (5,330) NS!C,NFF,S'REA~(I),(NF(J,I),E~EVA(J),J.l,NFF) 
NPOtNT( lJ • iliFF 
IF (NPRINT.EY,4) P~INT 54~, STR!A~(I),NFF,(Nf'(J,t),J.l,Nf'F) 
IF tNSF.C.N~.0] GO TO 24J 
Ill) ~I~ J.l,NFF 
NN • Nil' (.J, I) 
N • tlJE'~T(NN) 

NFlll1( (N) • 1 
ELEV(Nl • ELEVA(J) 
NM • ("I-l)/NHAII 
IF CNM.~~.N"H) GO TO 200 
NHI1 • NM 
PAt; • N~*2. 

CALL DP~ (tPTR3,PAG+2~".,5'l.] 
CALL OPR (lPTQ3"A~+40.,I(,'t2,) 
Ii " N-NM*~MAI( 
CHFCK T~~ ~ENGT~ OF S'REAM 
l' (.] .EQ.1> 1;0 r" 210 
LT * ~.5*S~H'«(.CH].XPRE].*~+(VfN)-YPRE)**~) 
LENr.T~rN) • L~NGTH(N).LT 
LENGTH(NPRE] • ~ENGTH(N'R!}+LT 
NPPE • N 
IIPI1E • XOIl 
VPI1F. a V(til 
GO TO lSI,:! 
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.... 

... 

·Mlt! 

... 

.... 

.... 

FORTRAN IY.PLUI VAZ.'10 16102131 PlG! 3 
BONDRY.FTN ITRI!LOC~I/WR 

lUll 
tun 
un 
IUl4 
Utll5 
1106 
Iue., 
lUI 
110. 
lUI 
Illl 
I1U 
1St! 
IU4 
0S 15 
8116 
IU1 
illS 
0Siff 
til 12 til 
lUi!! 
1122 
011] 
0124 
0125 
a1Z1t 
1121 
1128 
gU' 
IUe 
8131 
0132 
IUJ 
1134 
8135 
11]& 
0131 
0138 
01H 
0140 
tIl14S 
0t42 
tilt 43 
0144 
0145 
'146 
fIJI 41 
Blq8 
"49 
11115\11 
0151 
8152 
tIl15] 
£1154 
0155 
115f:1 

22 til IF (I.EQ.I) 1 • 1 
NSTqEI1 - 1.1 
I' (NITR!I1.LT.') aD TO 148 
IF (NPRINT.LE,l) GO TO 240 
00 23' 1-1,LNPT 
IF (N'LUX(l),EQ,tIl) GO TO 230 
PRINT ]9A, I,NUMB!R(I),L!NGTHll),!LEY(I) 

nl CO"'TlNUI! 
140 LOCATE' 4 

I' (NPRIHT,EQ,4J PRINT 3!0, HaEC,LOCAT! 
CAlL opeL (IPTRS) 
NIFPTe • ° 
NOO!:'F (1) • III 
8lVF Cl) • 0,1 
IF (HSEC.NE,4) GO TO 1'0 
00 27111 1-I,NU 
REAn ,!,328) NSEC,NOOB'(I),BIYFCX) I' (NPRIHT,EQ,") PRINT "", NSEC,NODB'CI),IIY'Cl) 
IF (HaEC,NE,') GO TO 181 
HI' _ NOD'" (l) 
NT • MOO(NP,101111) 
NT • IDENT(NT) 
IF (NT.LE.I.OR.HT,GT.NTT) GO TO I., 
DO 250 J.NT,HTT 
IF rHP.NE.NUMB!RCJ» GO TO 251 
NOD'" (I) • J 
GO TO 27111 

25' CONTINUE 
268 PRINT 410, 1,NODB,(r),NT 

Nons' (1) _ , 

In CONTINUE 
lie N8FPTC. 1-1 
298 LOCATE. 5 

IF (N8PTC.EQ.0) PRINT 45. 
CA~L DP~ (IPTR."e.,NOOB,161., 
CALL OPW (IPTR1,l,,8Iy,15!6,) 
CALL DPW (IPTQ7,9.,NI"LUX,1&8.> 
CALL DPW (IPTQ7,'2"L!NGTH,168.) 
CALL DPw (!PTR1,15"ELEY,15]f:I.) 
CALL Dpw (IPTA1,21.,NPOINT,128.) 
CALL OPw (IPTR7,22"STR!AM,256,) 
CALL oP~ (IPTR',2J"NI",7f:18.) 
CALL opw (IPTA1,26.,NODB~,12a,) 
CALL OPw (rpTA,,21.,8IYF,25&~) 
CALL opeL (IPTR1) 
I' CNPRINT.EQ.4, PRINT 3'0, NS!C,LOCATE 
I' CNPAINT.L!,t) ;0 TO 11' 
IF (NBPTC.!Q.IJ GO TO Jel 
PRINT 420, NIPTC,(NUMB£R(NOOB(I»),BIV(IJ,I.l,NBPTC) 
PRINT 4l1!1 

300 IF f N8FPTC.EQ.0) GO TO 31. 
PAtNT 44~, N8~PTC,(NUMBER(N008F(t»,8tVF(I),I.l,N8FPTC) 
PRtNT 43A 

310 RETURN 
320 I"ORMAT (11,14,'10,0) 
]]0 FORMAT (ll,14,lX,A4,7(15,F5.1) 
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FO~T~AN IV-PLUS V0~.~lo PUE 4 
BONO~Y.~TN ITRI~LOCKS/WR 

al'51 

1I!8 
1'1159 
016111 

01'" 

01&2 

0163 
~164 

01b5 

0166 
81 ft1 

O168 

01&9 

PROGRAM 

NAM! 

SCODEl 
SPDA" 
Il0ATA 
SyARS 
ITEMPS 
HOR 
,.us. 
81. K, 
BNORY 

34111 

He 
lU 
110 

llUl 

3U 

4011 
410 

1121'1 

43Q1 
44'" 

4!H' 

~ORMAT C~ 8T~EAM NAH!a~,A4,' TOTAL NOD!S.',I~,' THE NODES AREap', 
+1015) 
~ORMAT t' NSECa',13,' AT LOCATIONa-,I!) 
FORMAT C~ CUpy OF ~!AD 8.t, CARD ',11,15,FI0,2) 
FOR~AT t' FOR I I ',t5,' TM! BOUNDARY NOOE PRESCRIBED 4S~,I5" NO 

+ COORDtNATES MAS! BEEN REAO • NT",Il~) 
FORMAT (11,5.,·P~!SC~ISID POTENTIAL e.c! 4RE',I!,'WHIL! ALREADY RE 

+AO AR!i,J!II,5W,'N 0 T ! a. PRO G RAM S TOP P ! D'I,10X, 
+'CHANGE N8PTC VALUE AND ASSOCIATED PARAMETERS OR CHEC~ THE ERRO 
+R TN INPUT OECK'II) 

FORMAT (I INTERNAL NODE",I!,' GIYEN NOD!",I!,' tOTAL LENGTH REP 
+RES,-NT!O',I5,' ELEYATIO~I',FI2.1' 

FORMAT (' COpy OF FLUX B.C. CARD ',ll,I5,~10.2) 
FOR~'T (i ER~OR ,. ERROR IN FLUX NOD! READ FOR la',t4,' NODE GIVEN 

+',t~,; FOR W~ICH NO COOROINATES GIYEN-- NTa',110) 
FORMAT (IHIII,IZ9C'.')/,5X,·TOTAL NUMBER OF NODES WITH PRESCRt8!O 

+ HEAn e.C.AR!I',ll0/,120('.')11,201(4(' NOOE",Ib,' HEAOa',F8.2)/) 
+) 

FORMAT (/120('.')/) 
~OAMAT ('HIII,laaC'.')/"X,'TOTAL NUMBER 0' NODES WIT~ FLUX B.C.a' 

+,110/,12,('-')11,2'0(4(' NOD[",I~,' FLU.a',Gtl.])/)) 
FOR~AT (/120C"')11,10X,'SINCE NOT A lINGLE POT(NTIA~ a,c, GIVEN;; 

+T~~ SOLUTION 0' PROaLEM SHALL NOT ~~ UNIQUE,;,I,leX, CHECK T~I' A' 
+PECT SE'OR! RUNNING OTHER PROGRAMS ••• IMPORTANT'II,120(~")II) 

ENO 

SECTIONS 

SUE ATTRUUTU 

"047 2ft 12'5f1 RW,I,COI'4,LCL 
IJaGl1!4 4b RW,Q,CON,LCL 
ilI0Ute ~\2 RW,O,CON,LCL 
"lU10 2~'" " RW,O,CON,LCL 
PlPl0fI12 5 RW,D,CON,LCL 
1'1021214 94 RW,D,QVR,GBL 
0UflMJ 40f1ft RIII,I),OVR,GBL 
013000 2816 ''''',O,OVR,GBL 
Ql311111J 30 @o1'56 Rw,O,QVR,GBL 

TOTAL SPACE AlLoe AlE-I) a lUUI/I "160 

il,PI'(lONORV 
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.... 

.... 

'O~T~A~ IV.PLUS V02~'lO 
£LEH.,TN IT~18LOCk9/W~ 

111001 
00"12 
B0A! * 

• 
* * leu 

000' 
00A6 
0007 
00U 
GIllin 
iliA 111 
111011 
0012 
0013 
0014 
IIH/Jl5 

0'" ft 
Ql0t7 
00t8 
0019 
00U 
0021 
!!leu 
ePJ23 
0024 
QlU5 
0026 
!!I0i!? 
0028 
leu 
en! 
!!lUI 
QIf8 3 i! 
!!IU! 
!!IU4 
111035 
1ileJ6 
01!1!7 
11038 
len 
0040 
0041 
CUl42 
004J 
0044 
I11III45 
004& 
111047 
0048 
01149 

C * ••• **.* •• - fL!M.PTN __ ._i* •• ___ •• _. 
c-····-·-····-·~·---·····-·-··-·-····--~·--··-·-·---··-.. -•.. --~ .. -....• 
c·······-.··········································-· ..•.•.••.. ---..••• 

SU8~OUT!~! ELf" (NSTOP,NS!C,NP~INT,~PtNCH) 
tN~LUOE ~~OR,'TN' 
COMMO~/HOR/LNPT,NTT,N8PTC,N@'PTC,NST~EM,HPT,NSELEM,NELEH,NOOMAX, 
.NON7ER,N~O,MATN.~TYP!,NMAX,NSTI',NTIH!,N.TORE,NDUH,TlTLE(2111), 
'DPI,DP"OPJ,OP',OP5,DP.,OP1,OPI9,DR1Gl,OPI1,OP12,OPll,D'14,OPI', 
'DPt6.0P11,DP11,NTSU~P,N!SURF 

COMMnN NUH8ER(I"0),IDENr(768),LAYEAS(168) 
COHHON/8LKl/NOOE(2048),NOD8(168) 
COMMON I!LEM/N1,NNT,NODNEW(44),MM1,NOUHM,NOELEM,N~ElD,HIXNOD(8) 
CUM~nN/fL/NVE8f240e),NM(44),NOD(44),NNOO!(44),lNJ(4),NENAM!CI56') 
OAT~ A~J/1HON!,~HTWO,qMTHR[,4HHX!O 1 
CALI. D~~ILE Cl,'rLEM!NTII',OP4,IPTR4) 
1(1. • NIIT 
NO • 44 
00 U0 hl,2400 

10~ NYES(I)' e 
Non~AlC • I 
NELEM • Q! 

NSELEM • 0 
IP C~SEC.NE,5) GO TO )80 
DO Pi'! I!!81,hn 
INN"" • 0 
00 lUI hl,NO 

111 NoneIl' I 
R!AO (5,520) NSEC,K,NS,NN,(NODeJ),J1l,NN) 
IF CNPAI~T.E~.4) ,RINT 661, NSEC,K,Hl,NN,(NOO(J),JII,NN) 
IF (NSEC.NE.0) GO TO 310 
IF (NSELEM.LT.K) NSIL!M • K 
IF CN1.!Q.0) READ (5,531) (HIXNonCI),II1,4' 
I' (Nl.E~,e.AND,NPRINT.IQ.4) PRINT 67111, (MIXNOD(J),II1,4) 
rp (NS.HE,I) GO TO 11~ 
00 1601 hl,4 
NI<T I MllCNOoCI) 
MOl' NI(T/100 
~02 • MOOCIIII<T,100)/10 
MUl I MOO(NKT,II) 
I~ (MD!.Nf,lJ PAINT 6211, I,K,MOI 
IF (I.GT,2) GO TO 150 
I' (MOS.!Q.2.ANO.NOO(".!Q.e) PRINT 54~, 1,MI~NOD(I),K 
IF CMD1.EQ,J.ANO,NOD(9l.!Q,0) PAINT !40, I,MIXNOn(I),K 
I' (MDt,EQ.3,A NO.NOO(10),EQ,0) PRIN' 540, I,MIXNOO(I),I< 
I' fl.EQ.I) GO TO III 

lae I' (MD!.~Q.3.ANO,NOOCI3).!Q,0) PRINT 540, I,MIXNOO(I),K 
IF (M02,!O.3.AND,NOOCI4J.EQ.0) PRINT 540, r,MIXNOO(!),K 
I' (M02.EQ.2,ANO,NOOC7),fQ,0) PRINT 540, I,MIXNOD(I),K 
IP (1.~T.2) GO TO 140 
GO TO t 6IIJ 

130 I~ (MOl.EQ.3,ANO.NOOC15J.EQ.0) PRINT 540, I,MIXNOOCtJ,K 
IF (~02,!Q.J,ANO.NOn(I').EQ.0' PRINT 540, I,MIXNOO(I),1< 
IF tM02,fQ.a.A~D.NOO(&),!Q.0) PRINT 540, I,MIXNOO(t),K 
IF (I,Gf.2) GO TO 140 
GO TO Ht0 
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~ORTRAN IV-PLUS V~2~510 PAGE 2 
ELE~.rTN ITql~LOCKS/wR 

e~'e 140 IF (~O\.F.Q.2.ANO.NOO(6).EQ.I) PRINT 541, 1,"IKNOO(I),K 
10~1 I' (MQ1,EQ.3.AND.NOO(11).!Q.0) pRINT 540, I,MIXNOOCI),K 
0052 I' (MDt.EQ.3.4NO.NOO(12).EQ.I) PRINT 540, J,MIXNOO(I),K 
0053 GO TO 160 
0054 150 r~ (I,EQ.3) GO TO ']0 
A055 I' (I.~Q.4) GO TO lal 
0056 ,.0 CONTINUE 
0051 "0 CONTINUE 
00~8 ~4X - 0 
0059 ~IN e 100 
0060 00 ,80 l-"NN 
0161 NO _ NOOCI) 
006Z I' (NO.EQ,0) GO TO 180 
0063 LLL - LAYERS(NO) 
0064 IF (~AW,LT,LLL) MAX. LLL 
0065 NT _ IOENT(NOl 
0066 LTOP - NU"8fRCNT+l)/10" 
0061 NM[I' • NT 
0068 I' (LTOP,LT,HIN) "IN - LTOP 
~0~9 t80 CONTINUE 
0010 00 360 ITe',"41 

C I'(tT.NE.l} NN • 4 
0011 NOt • ~ 
0072 00 1~0 1-,,]6 
0~1] NODN!WCll - 0 
0014 '9' NNOO!(t) e 0 
1"5 ~O 200 I-I,NN 
0016 IF (NOO(I),EQ,e) GO TO ••• I.', NNODE(I) • NOOCI' 
001. 200 CONTlNU! 
0019 NN2 • t6+NN 
e080 DO 2]0 I_lT,NN2 
008t NP - 1-16 
118a I' (NOO(NP),IQ,0) GO TO 2]0 
ea8) ~T - NM(NP).' 
1,84 LLL • ~UM8ER(NT} •• let 
0eas I~ CLLL.!Q."IN) GO TO III 
0086 IF (NPINC~.EQ.I) ;0 TO 21. 
A081 MIN • MIN.l 
0088 GO TO J6~ 
0089 "1 NOt - 1 
009, NNon!(I) • NUM8!R(NT) 
00~\ ~OD(NP' • NNOOE(l) 
00~2 NM(~P) - NT 
00~J GO TO a]~ 
0094 ll0 NNOO!(t) - NOD(~P) 
0095 !]0 CONTINUE 
'09~ MMl - MIN 
0091 MIN • MIN+! 
0098 IF (~Ot.EQ.0) GO TO 3~0 
1099 00 240 1-1,4 
0100 ~On~Ew(I+4) • NNOO!(1+16) 
01el R40 NOONF.wrl} - N~OD!(I) 
0102 l~ (NI,EQ,I) GO TO 2'0 
A10] NonNf.wC91 - NNnOE(5) 
elA4 NonNf.wrl~) • NNOOE(6) 
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.... 

.... 

FORTR.~ lV-PLUS vH2-510 161"3109 
ELE~.FTN ITRlijL~C~S/~R 

0105 
0t~6 
011111 
0108 
I1Jl ~9 
~ll!ll 
011t 
011<! 
0115 
111114 
0111'5 
0tU 
~1 17 
11Jl18 
0tl9 
[/I1?1A 
[/1121 
rilU'2 
0123 
1'1124 
012'5 
0126 
0121 
!'IIi'S 
01~q 

01~~ 
(l! 131 
0132 
(lttH 
0nll 
tH3S 
0!3lt 
0131 
0138 
0119 
1Il1110 
0t ll l 
1'142 
0143 
21144 
I1It45 
01 4" 
0141 
211 4 8 
~1119 

0150 
01 '51 
0152 
015] 
0154 
01"5 
0156 
L'J151 
0158 
0159 
016(1/ 

N~O~EW(11) • ~NOn!(21) 
NODNEw(tl) • NNOnE(22) 
NonME~(13) • NNO~e(" 
NUnN~W(14) • NNone(8l 
N(JnqF.w (15) • NNOl'lf: (23) 
NonNEW(l&) • ~NUOE(21) 
IF (Nt.[~.2) GO TO 25~ 
Non~E~(al) • NNOnE(9) 
NonNEw(22) • NNOOE(t0) 
NO~NEw(21) • NNO~E(11) 
NOONEwr24l • NNO~E(12) 
NOONEw(25) • NNOn~(25) 
Noo"Ew(26) • ~mOnE(i!(,) 
NunNEw(~') • NNOOE(i!1) 
NQnNFW(~a) • ~N~nEti!~) 
Nllll'IE"1(29) • NNllOIHt3) 
NODNEwrj~) • NNonECt4) 
NOONEW(3t) • NNOD!(15) 
NOn~Ewr]~) • NNOO!(I&) 
NOnNEW(31) • NNOD!(Z9) 
NOnNEw(3~) • NNOOE(3~) 

NQONEW(]') • NNOOE(3t) 
NonNfw(3~) • NNn~!(32) 

?50 NMT. 31) 
NcnUNT • 8 
Nf~T • " 
no ;!M' I"q,Nr.q 
IF (~ODNE~(I).E~.0) GO TO 260 
NNT " t 
NCOlJMT • ,,",COUNT+t 

26Q1 CONTTN"~ 
IF (NC~UNT.G'.NONZ!R) NONZER • NCOUNT 
no ~h 1"1,4 

270 MtW~OD(I+.). ~IWNOO(I) 
NOfLEM • KtCIT-1).1000 
NHUO • III 
I' (N~qINT.LE.l) GO To 3~~ 
IF (IT.E~.t) GO TO 2A0 
IF (NP"lNT.EI~.o;) GO TO 290 
GO TO 31'J~ 

280 IF (NP~INT.EY.!J PRINT 590, NUELEM 
291 M5. Nt 

IF (tH .f.I1.0) 14'5 • 4 
N~ • NOf:LE~1 

pqTNT ~5~, NE,ANJ(~,),M~l,NNT,CNOON~W(1),t.l.8) 
IF (Nl.E~.2) PRINT &50, (Non NEw(t),I.9.20) 
IF (N1.EQ.!) ~~lNT &40, (NOONEW(I),I.al,44) 
IF (Nl.NE.~) GO TU 3~(/I 
~~TNT 63(/1, (NonN~WCl),J.9.NNT) 
P~INT S7t'1 
PRINT 60t'1, (HIWNOO(I),I.l,6) 

300 00 350 I.l,~NT 
NP • NOONpl( I) 
IF (NP.EQ.0) GO TO !5~ 
ID • M~D(NP,10t'10' 
10 • IOENT(I'I) 
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FORTRAN IV-PLUS V0l-SID 16.1",9 IJ-S!P.'9 PAGE 4 
ELEH.~TN ITR'8LOCK8/~R 

016t I~ (IO.NE,I,ANO.JO.LT.NTT) 90 TO J11 
'16. 10 • I 
It6] J,~ 00 !2e J.rD,NTT 
1164 I~ (NP.NE.NUM8ER(J)) &0 TO 3i0 
II" NOONEW(IJ • J 
0166 NYEstJJ • I 
0161 roo TO 330 
II~I 321 CONTINUE 
"69 PRINT ,SI, NOONEW(t),NO!LEM 
0170 INNN • 1 
01Tl 00 TO ]50 
1112 )31 l' (NMEAO.EQ.l) 90 TO "1 
alT] DO ]40 K~K.l,N8PTC 
0174 t~ (J,NE.NOD8(KKK)) GO TO ]40 
01" NH!AO • 1 
01T~ GO TO 350 
017' 340 CONTINUE 
0tT8 350 CONTINUE 
0179 I' (NOOMAX.LT,NNT) NOOMA •• NNT 
118e NELEM • NELEM.I 
II~I AOR • HELEM 
0182 N!NAMECNEL!M) • NOELEM 
018) CALL DPW (IPTR4,.OR,Nl,!8.J 
0184 ]60 CONTINU! 
018S 370 CONTINUE 
1"6 JI' NISUR'. IE-I 
011, I~ (NESUR~.LT.I) N!SURF • 1 
0188 t~ (NS!C.NE.7) gO TO 471 

c-·-···-···---·~··~··-·······~····----····----·---·---.--.----..... --.-. 
C NEW ELEMF.NT ~lTH COMPLETE NODI I OE~INEO 

e······-... ·······.·························-····--··· ............. ---.. 
0189 no 450 IE.I,aS6' 
0190 ~EAn (5"al) NS!e,K,Nl,~N,fNOD(r',I.I,NN',M~1 
0191 I~ (NSEC.NE.0) GO TO .60 
0tqa IF (NP~INT.G!.Z) PAINT 5", K,.NJ(~5),NN,MMI,(NOnCI),1.I,NN' 
0193 IF CNI.E~.I) GO TO 390 
0194 WRIT! C2,.) '!LE".',K,·~.SORDIAHtGHEATMANIITISNOTUIED· 
'195 GO TO 450 
0196 ]90 NNT. ~N 
0191 NO~LEM • K 
0198 00 440 I.S,NNT 
0199 NP • NOOCI) 
0200 I' (~P.EQ.0) GO TO 440 
0201 to • MnOCNP,10A~' 
020l tD • tOENT(IO) 
02~3 IF (IO.N!.0.AND.tD.LT.HTT) GO TO 4el 
0104 to • 1 
02~5 400 00 4t0 J.IO,NTT 
02A6 IF CNP.NE.NUM8ERCJ)) GO TO 410 
02~1 NonNEWCI) • J 
0208 NYESeJ) • 
0209 GO TO 4l~ 
IliA 410 CONTINUE 
0211 PRINT ~8~, NQONEWCI),K 
0212 tNNN • I 
~!t3 no TO 440 
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.... 

... , 

FO~TR_N IV-PLUS Y02·,tD 16101109 
ELEM.'T~ ITRIBLOCKS/W~ 

8214 
Ut, 
~2U 
111211 
IIIZ 18 
0in 
I!J2U 
!l2lt 
ra222 
0213 
"~24 
1i!l2'5 
13226 
ra221 
0228 
U29 
1lJa31/l 
Ql231 
0232 
0233 
0234 
0235 
023& 
11231 
"238 
1'1239 
0240 
0i!41 
U42 
0243 
«!I244 
0245 
024& 
111247 
11J248 
024q 
0250 

1112'51 

02'52 

111253 
U54 

0255 
025& 
0251 
0258 

1IIi!'9 

0i!U 
0l6t 
0262 
e2ft3 

420 IF (NH!AO.EQ.l) no TO 440 
00 ~3~ K~K-l,N~PTC 
IF (J.NE.NODS(KKK)) ;0 TO 430 
NHElI) - 1 
GO TO 44'" 

']0 CONTINUE 
440 CONTINUE 

IF (NunHAx.LT.NNT) NOOMAX - NNT 
N!L~M • NEL.E"'+l 
N!NAME(N!LEM) • K 
AOP • NELl!" 
CALL OPW (I~TR4,AOR,Nl,5e., 

450 CONTINUE , 
4ft0 IF (NPRINT.GE.2) PRINT ., 'ADDEO 3-D ELEMENTS-',IE-l 
410 IF (NPRINT.GE.i!) P~INT 61a 

J • 0 
00 51'" I-l,Nn 
IF CNVES(I).Nf.l) GO TO 51e 
tF (N~PTC.EQ.!I) GO TO 4" 
DO 480 K-t,NBPTC 
IF (NOnB(K).!Q.l) GO TO '51e 

488 CONTINUE 
4qe J. J+l 

IF (J.GT.KL) GO TO 500 
NonEtJ) - 1 
GO TO SUI 

5I/I1II NatO" _ 1 
5U' CONTINUE 

NPT • J 
IF (NPT.GT.KL) P~INT &90, NPT,KL 
IF (NPRINT.GT.') PRINT 5&0, NPT,(NUM8!RCNOOECI),1-1,NPT) 
IF (N~PfC.EQ.0) P~INT ~80 
CALL DPW (IPTR4,2561.,N!NAM!,2!6~.) 
RETURN 

'20 FORMAT (Il,14,1515/1ftI5) 
530 FO~M" (J~I5) 
540 FORMAT (I' 'ORCORNER',I3,' "IXNOO',15,' IN ELEM",I5,i seEMS TO e 

+1: WRONG'I) 
550 FORMAT C' ELEM'.',I4,' ORDER ',A4,' MAT",I],' TOTAL NODES',I3, 

+' caRNER NOO!S',81~) 
5&0 FOR~Af (lHlll,t2~('-·)/,5X,·TOTAL NUMSER 0' UNKNOWNS ARE-',Il0,' 

+TH!SE NODES A~E AS GIvEN BELOW'I,l20('.')11200(1518/» 
57Q1 'OR~AT (I) 
580 'O~MAT C' NOT! ••••• 'OR NODE",IS,' IN ELf"",!5,' NO COORDINATE 

+5 ARe: GIVEN'I) 
S90 FORMAT (/,IX,12~('·'1/' NEW SET BELOW E~EMENT ",15,/120('·')1) 
600 FORMAT (' MIX!" !L!MENT.CORN!R ORD!R',8110) 
61A FORMAT (1~111) 
620 'ORMAT (I,' AH AHA " FOR NODE",15,' ELEM",IS,' VERTICAL 

+ ORO!R 15',13,' WHILE IT SHOULD SE 1'/) 
630 FORMA' (II' MID ~UAORATIC NODES',121811,' MID CURIC NOOES ',121 

+8, II2A'I, tale' 
640 FORMAT (I' CUSIC NOO!S',8~,121~/20v,12t8/) 
650 'ORMAT (I' Mto NOO[5',10V,1218/) 
b60 FORMA' C' COpy 0' ELEM. DETATL~ • NODE CARD',13,14,1515/35X,16t5) 
670 FORMAT (0 COPV 0' CA~O OF MIX.CO~N!~ ORDfR DETAILS ',1615) 
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~ORTR.N IY.PLUS V~l.'ID 16'03109 
EL!H.FTN ITR'RLOCKS/W~ 

"'4 681 'ORM.T (/121("')11,10X,'IINCE NOT A liNGLE 'OTINTIA~ B.C. GIYEN" 
+T~E SOLUTION 0' PROBL!M SHALL NOT BI UNIQUI,'II,laX,'CHICK THIS AS 
+PICT 81'0,.1 RUNNING OTH!R PROGRAMS ••• IMPORTANT'II,121(',')II) 

a2" 691 'ORMAT (115X,'N 0 T I - ~NUMB!R OF UNKNOWNI ESTIMATID ARI_',I,,/16 
+W,'WHIl.l THE PR!SCRIBED ARE-',15,' PRO G It A M S H A I. I. 8E S 
+T 0 P P ! O'I,16X,'CHANlr AI PER THE NEED PRINTED AT THI ENO'/) 

8266 INO 

PROGRAN SECTIONS 

NAM! Slle: ATTRnUllS 

SCOO!t IIlf/Il04 l!Ql82 ItW,I,CON,L,CI. 
SPIlAU 111111/1130 44 RW,O,CON,LCL 
SlOAT' QI(~i!! 00 544 RlI4,O,CON,I.CL 
'VAPS 0~"V.7b 31 RW,O,COI'<l,I.CI. 
IT!MII'S """Pl31 12 RW,O,CQN,LCL 
HOR CII1021tl '14 RW,O,OYR,GBL 
,USS, 120000 41'196 Rw,D,OVR,G8L 
BLI(I 111010 2816 RW,O,QYR,GlI. 
!LEH I/IU1U !l8 RIII,O,OVR,GBL 
EL 023730 'U0 RW,O,OYR,GBL 

TOTAL SPACE ALLOCAT!Il - .,un 14871 

,LP.-ELIM 
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9.2 PROG2, PROGRAM LISTINGS 
FDRTRA~ lV-PLUS V92-510 16103198 PAGE I 
PROG2.FTN ITRIALOC~S/WR 

0101 
Rae! 
00P3 
00~4 • 

* • 
* 

e-·-···--.·----~··.-._ .. ·. __ ··_··_·· ___ ·._····.··------..... -~-~ ... 
c.·.····--·····.··~··· .• ······-···-·· .• ··-··-·-···--··.--.............. . 

8VTF. MCRCle) 
COM~ON I.VZ/XCa56),Y(Z5,1,ZC.S6) 
INCLUDE -C]11,3JHDR,'TN' 
COM~ON/HO~/lNPT,NTT,~8'TC,NB'PTC,NSTREH,NPT,NS!L!M,NE~EM,NODMAX, 

.NQNZER,NQO,MATN,KTYPE,NMA.,NSTIF,NTIM!,NSTORE,NDUM,TlTLE(21), 
*OP1,OP2,OP],OP4,OP5,OP6,DP7,DP89,OPI0,OP11,DPI2,DPI3,OPI4,D'15, 
*oPt~,OP11,OP18,NTSUR"NESURF 
COM~ON I!LEM~/NI,NN,NOO(44),MM1,NQW,NE,NHE10,MIXNOD(I), Q 

+ W(t0),XQ~(1~),YQW(10),ZQWC11) 
COMMON I!LEM1/NNN,NOONE~(2A"MMtN,NQWN,SUMQW,NEN,NHEAON, X 

+ IJC08(2~),XIOL!M(2~"FI'J(400"GIGJ(400), 
+ HIHJ(40P),XIXJOA(400),IOUM,lREA 
COMMON/Tq4Cl/N~ROG1,NPROG2,NeANo,NPR03I,NPROG3,NSUe3 
Ol~ENSJON 

+ X~t44"VQ(44),ZQ(44),FC44),GC44"H(44"XN(44),Alt(44),4"(44), 
• lA3(44',SCA(44',ET1C44),!ZA(44"NSUR'A(44),XN2C44),XJOLE(44), 
+ SS(]),~CC(3),llC3),OOC]},B!TAO(]"G~WT(5),GQPO(5) ,NUMSERC2!60) 

c··-·····.··········.············_······.·············-~.-.--....... -.-~ 
~ATl SCA I 

+ -t., S., I., -I., -I., I., I., -I., I" ~" I., I" 
+ -t., I" -S., 1" -I., t" 1., -1., 
+ -,333333]33333,.333333333333,-,33]333]33333, .313333313333, 
+ -.3333333333]3,.333]33331333,-,3J3333333333, ,33333]333333, 
+ -I., -I., 1., I., -I., -I" 1., I" 
• -t., -I" t" I" 1., tt, -S., -1.1 c·.·····.----· .•• ··•· ••• • .•. · •.• · .• · •..••.. ·--··.·--·· ..•.•.•.. ~ ••....•• 

0a10 04T& !Tli 
.-1~, -I., I" 1., -t" el., l.f 1., -I" I" -I" t.f 
• 0" 0., ~., 1_, -I" -I., I" I" -I., -I., 1., 1., 
• -t., -I., I" 1" . 
• -,]333333]333J, .3]]333333333, •• 333333333333,,333333333333 , 
.-.13333333333], ,333333333333,-,333333333333,.33]333333333 , 
+ -t., -I., -I" .1" 1" I" t" 1,1 e-.··· ..... --~-.-.•.....•. ---.--·-··.-....•....... -.-----.............. . 
• 1., 1., 1., 1., -t., -I" -I., -I., I" I" -1., -I" 
• t., I" -I" -1., 0" 0., 0" 0., I., I., t., 1" 
• -I., -I" -I" -I" I" 1., 1" 1" -I" -t., -I., -I., 
• .333333333333,-.3333]3333333,,133333333333,-,33333J33333] , 
• .3333]3333333,-,313333333333,,333)333533]3,.,333333533113 I 

c.~-.· .. -.. -.... ·-· .............. -.· ... ~.--.. -.-.. ----................. . 
0112 C.LL G!TMCR (MC~,18W) 
0013 IF (18w.~T.l') ISW • -40 
91,. tF Clsw.LT.0) GO TO 110 
0et' 00 t~0 I-ISw+t,80 
e,16 Ie, MCP(t).·· 
0011 tl~ J, (tS~.GT.l' tSw • 
0018 t, (IS~.lT.0) ISw • -I 
0019 I' (ISW,NE.l) GO TO 130 
0020 IF (MCRC".EQ.' ·.OR.HCR[').E~.0' ISW • 2 
00Pl IF (IS~.NE.l) GO TO 130 
A022 nEcooE C38,ll~,MCR(') )lU~,NPHtNT 
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~ORTR.N IV-PLUS V02-51~ 16101158 
PROG2.'TN ITR.8LOCKS/WR 

'023 128 'ORMAT (21',1A') 
0024 130 IF (tsw,EQ.l~ GO TO 14B 
aeas WAtT! (2,.) '!~TER ,IL!-Q DISK UNIT' 
ae26 READ (Z,*, lUN 
ae21 140 rF (IU~,N!,J) CALL ASNLU~ (l,'OP',IUN,rSTAT) 
eeaa I' (IS~.!Q.l) GO TO I" 
0029 WAIT! f2,.) ;!~T!~ PRINT OPTiON (B,1,2)' 
103e READ (2,.) NPRINT 
0031 151 CALL OPFI~! (1,iTRAC!',1.,IPTR18' 
le32 CALL OPA (IPTRI8,0.,NPROGt,6.J 
0133 IF (NPAOG1,!Q,1) GO TO 161 
e034 WRtT! (2,.) 'PROGt ~OT CO~PL!T!O TH!R,.FORE PAOGa .TOPPED' 
1035 STOP 
0036 160 CALL oP~tL[ (1,'OEseRIP',.",IPT"l' 
II3T CALL OPA (lPTAt,0.,LNPT, ••• , 
"]8 NPAOG2 • 1 
em3. CALL OPR (lPTR1,t"NUM8EA,a,.,,' 
004A CALL OP~ (IPTAt8,1"NPAOG1,.,) 
0041 CALL O"lL! (t,'.VZCOR·,OPJ,I;TR]) 
1042 CALL OP'IL! Cl,'!L!MENTI',OP4,rPTR') 
ee4] CALL DP'IL! (1,'!L!M!NT1',OPtt,IPTRll) 
0044 IF (NPRINT.N!,~) CALL PTIME (6) 
0045 NMAWI • 25. 
0~46 NOO~l • 4. 
004T NONlt • 2e 
0048 NQWl • 10 
0049 NSTnp • 0 
005~ IF (NM4X.L!.NMA.t) GO TO IT' 
0051 PRINT 230 
0052 ~STOP • I 
1053 lJ8 NMAC' NMA.' 
~054 IF (~OOMAX.LE.NODM1) GO TO 18~ 
le5S PRINT i4~ 
005& NITOP • t 
005J 180 NOOMAX' NOOMI 
1.58 IF (~O~ZER.L!,NONZ1' GO TO 1.0 
005. ~RINT 250 
'0bB NSTOP • t 
00~t 190 NO~zER. NONZt 
i0&i I' (~QW.LE.NQW1) GO TO 2~0 
806] PRINT 2&1 
00&4 NITOP • S 
0065 200 NQW. NQt 
00&& If (NSTOP.fQ.e) GO TO 210 
00b1 PRINT 27~ 
00&8 STOP 
00b9 210 CONTINUE 
00T0 230 'ORMAT (111eX,'INCR!AS! TME DIMENStON',/15.,'O~ PARAMETERS RELATED 

.'1,20X,'TO TOTAL NOUES'II) 
00TI 140 'ORMAT (1It0X,'INCR!AS! THE DIM!NSION'I,I'X,'OF PARAMETERS RELATED 

+'1,20X,'F.LEMENT NOOlS'II) 
laT2 250 FORMAT (115X,'lNCR!ASE DIMENSIONS'I,te.,'o, PARAMETeRS ASSOCIATED' 

.1,I~X,·WITM NONZERO VALUES 0' ELEM!NT"') 
10J3 1&0 FOR~AT (115~,'INCREASE TM! DIMENSION'I,t5X,'Of PARAMETERTS'I,25.,' 

+RELATED TO ~UM~!Q OF ",50.,'SOURCE OR SINKS IN ELEM.'II) 
00T4 210 FORMAT (1Ilex,'p R 0 G A A M S TOP pro 8ECAUS! 0' ABOVE') 
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.... 

.... 

.... 

FORTRAN IV-PLUS v~a-'ln Ute].!! PAGE ] 
PROGl,'TN ITR'SLOCKS/WR 

len 
01 ?f. 
0011 
011118 
III lIlT 9 
1a08f1 
USI 
"0U 
leU 
11084 
008! 
011186 
1087 
0088 
00n 
009111 
0091 

00ta 
0093 
IUJIJ4 
11IlIJ5 
1H'J96 
00''1 
enl 
8,,99 
18100 
'1"11 
0in 
01 01 ] 
o II1JII 
0105 
8106 
0tU 
'UI 
01139 
0110 
Glllt 
l1li12 
01ll 
0114 
0il5 
011. 
0117 
0118 
fU19 
eliB 
0111 
0122 
Ill] 
e124 
eus 
eli6 
IIIU7 
0128 
0129 

280 

298 

JIIIfI 

NRR • " 
THIRD. 1,1! 
THUDI • a,/] 
"1'24 • U,/U fl'" • ',/U, no 1]1 tX'l,~ELE~ 
AREA • 0.0 
VOL' II." 
AOR • III 
CALL a'R (IPTR4,AOR,Nl,138,) 
I' (NPRINT.NE,0) PRINT 2ee, N~,NN,(NU~8ER(NOD(J»,J."NN) 
'OR~AT (i NE',I',; NN',IJ,' NOD',lII5/1IX,10!!, ••• ,!0!5) 
MMtN • MM, 
NQ"'N • NGW 
Nt.N • "IE 
NHEAON • NHUD 
I' fNN,GT.NOOMAX) WRITE (2,.) ;N!',N!,· NN',NN,'WHICH IXCEEOS NOD" 

+U; 
NO • a 
I' (NN,GT.8) NO • ] 
QQPo(l) • 1.0 
GQPn(Z) • 1.114"'6"'41483 
GQPo(J) • -aQPO(2) 
GQWT(l) • 0.1881888881"'" 
GQIIITCI) • 0.55'555551555556 
QQWT(]) • GQWT(') 
I' (NO_]) '90,]11,31110 
GQwT(l) • 1.0 
OGIo/HZl • 1,0 
GQPOCt1 • 1,57735026918962' 
GQPO(2) •• 0,577J5026'119626 
GO TO ]U 
GQPo(~) • 0.90~179S4S958~.4 
GQPO(l] • 1,"846'5'1115681 
QQPOC4, • -aQPO(3) 
GQPO(S) • ·GQPO(2) 
GQWT(1) • 1,5.8188'IIe88889 
QQIo/TCl) • 8,Z].,,688505.,8' 
G~WTC]) • 0,47'.1861~41J1J]66 
GQ~T(4] • GQWTCJ) 
GQwT(5) • GQWT(2) 
CONTINUE 
JJ • 0 
00 359 J.t,NN 
I( • NO"(J) 
Jfi (I(.EQ.0) GO TO 350 
ADO • 01.0 
NR • (K_S)/NM.X+, 
IF tNR.EQ,NRR] GO TO 320 
AOR • (NR-i).a, 
CAll OPR (lPTR3,.OR,Z,512.) 
CALL OpR (IPTR],AOR+20".,512.) 
CALL DPR (IPTR3,.OR+40"Y,512,) 
KK • I(-CNR-t)*NMAX 
NRR • NR 
XX • )«(KI() 
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FORTRAN rV~PLUS V~a-510 161031sa PAGE 4 
PROG2.FTN ITRI"~OCKS/WR 

'!30 VV • V(KK) 
1131 IZ • Z(KKJ 
8132 IF CJ,!Q.t) ;0 TO l41 
1133 Jl • J-l 
11]4 DO 330 1."Jl 
113S KK • NOOCI) 
1136 IF (KK.EQ.I) GO TO 3]8 
0131 IF CKK.N€,K) GO TO 3]1 
1138 AOD • ~0.'5 
0139 GO TO ]4~ 
0140 330 CONTINUE 
0141 ]40 JJ. JJtl 
014, XQ(J) •• X 
014] VQ(J) • VV 
e144 IQ(J) - ZItAOD 
0145 NOD~eW(JJ) - K 
0146 350 CONTINUE 

c-···~.·--.--·-.···-·.--•.. ·•· .. -.· •.. -••... -----.-.-.--........•..• 
C CHECK 'OR ANTIC~OCK WIS' NOD! DIRECTION 
c··.·.·· .... ·· .. ······.······ .. ··.· ......... ----...... ----.-....... ~ 

e141 Al - XQ(1).(VQ(2).VQ(4»+XQ(2).CYQ(4).VQ(I)+XQ(4)t(YQ(1).YQ(2» 
It4a A2 • XQ(2)t(YQ(3).VQr4»)+XQ(3J.rYQ(4)-YQC2»)+XQ(4)trYQ(2).YQ(3» 
0149 IF (AI+A~.GT,0) GO TO 361 
01!0 WRIT! (2 •• ) '!RAOR •••• !RRORINILE".,Nf,~NoOESEQU!NCE' 
0151 WRITE r&,.) ~ERROR •••• fRRoRIN[L!M"N(,INoO!SEQUfNC£' 
1152 NSTOP • 1 
0153 3&0 AREAl _ 0,0 
e154 00 ]10 1-1,4 
015' II • 1+1 
0156 IF rrl.E~.5J II • 1 
0151 310 AR!Al. lREA1+VQCI).(xQ(11).XQ(I))-.Qrl).(YQ(II).YQ(I)) 
e15a IF (AREA1,LE.'.I) GO TO 3se 
1159 WRtT! (2 •• ) '!RRORER~OR* •••• NDD(S!QU!~C!WRO~GIN!L!~i,NI 
0160 WRITE t&.t) 'ERRoRERROR ••••• NOO!SIGU!NCEWRONGINELEMi,NE 
0161 NSTOP • t 
01~2 180 NNN. JJ 
1161 00 3~0 I-l,NNN 
0164 XIOL!(I) - e,1 
'1&~ XIDL!MCI) • 0,~ 
0166 NSUR~A(I) - e 
8t" 3.0 XIJr.OB(l). 0.0 
e168 NXX • ~NN.NNN 

016. 00 400 1.I,NX. 
0110 'IFJ(!) • 8.0 
01Tl GIGJ(I) - 1,0 
e112 HtHJ(I) • e.0 
111) XIVJOR(I' • 0,0 
0114 400 CO~TINU! 
1115 00 410 I-I,) 
0116 418 lAC!) - lee 
1111 00 68e L-t,NO 
0'18 EZ • GQPO(L) 
ellq ww - G~WT(L) 
0180 no 42~ I_l.NN 
0181 4a0 NSu~FACI' - ~ 
liSa 00 ~A0 N-l.NO 
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FORT~AN IV-PLUS v~a.!tn 16113"S PAGE , 
PROG'.'TN ITRI~LnCKS/WA 

I1S3 se • G~POCN) 
0184 WSC • GQwT(~).WW 
0'S~ DO ~S0 MaS,NO 
ItS. IT • GQPO(~) 
01S1 w • wsc*nQWT(M) 
It88 Oil • ~.~ 
0189 OS~ a 0.0 
It90 013 • ~.0 
1191 Oil • ~.0 
119a Dla • e.~ 
0t93 OIl • e.~ 
0194 031 a ~.0 
019, 032 • ~.0 
019. 03) • ~,~ 
0197 OXSC • 0.0 
1198 OYSC • 0.0 
1199 OISC • 0.0 
0100 OXF.T • 0.0 
0201 OYET a 0.ft 
1202 DIET • 0.0 
'2~] SS(l) a BC 
0~04 SS(~) a !T 
.~~, Sst" a EZ 
02~~ 00 ~00 Ial,NN 
020' IF (NOD(ll,EGol). GO TO ~00 
02~e NSURF a ~ 
0209 IF CL,NE.l.OA.NE.GT,9 •• , GO TO 440 
0210 IF (~.N~.I,OR.N.N!.l) GO TO 430 
0all IF (I.LE.4) NSUAF • 1 
0212 YF (I.EQ.9.0R.J.EQ.10.0R.l.EQ.13.0R.I,!Q.S4) N8UAF • 1 
0213 IF (I.GE.il.ANO.I.LE.l4' NBUAF • 1 
0214 IF Cl.GE,29.AND,I.LE.32l NSUAF a 1 
0115 NSUAFACI) • NauRF 
ell. 431 NaUR' _ NSURFA(!l 
0217 441 DO(1). SCA(I) 
021S OO(!) • ETA (I) 
021. nO(3) a ElA(I) 
02a0 00 050 LT-l,] 
0221 450 AA(LT) a 1+0Q(LT).S5(LT) 
0222 r~ tI,GT.S) GO Tn '2e 
022J '~P - .1~5 
0224 8ETA - 0,0 
0225 SBETA _ 0,0 
022. 'LP~A •• 125.AA(1).AA(2)*AA(1) 
0221 !~ tNSU~~.Eij.t) ALP~A2 • 0.2'*(1.+00(11*55(1))'(1.+00(2).55(2)1 
'l~8 M~M a Nt 
02~9 I' (Nt.N!.0] GO TO 460 
0230 MCanE • MI_NOOtl] 
02]1 MCeel, - MeaDE/t0' 
el3a MeCca) • MCOO!/10-MCCC1)*IA 
013) MCC(]) • MCOOE.MCC(I).1~0~MCC(2)*10 
0234 460 00 '1~ LT_t,) 
02)' 01 • OOelT) 
02)& 51 a SSelT) 
12]1 IF (Nl,NE.0) GO TO 470 
021S MMH a MCC(lT) 
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~OATAAN IV~PLUS V~~e~10 161111!S 
P~OG2.~TN 'TAIALOCKS'W~ 

'21' 47' GO TO (480,491,500), """ 
0Z40 480 ~!Tl. 8!TA+THIRD 
1241 S!TAO(LT) • 1,1 
1242 I~ (LT.EQ.J) GO TO 510 
1243 I~ (NSUA'.EQ,0) GO TO 510 
1244 SBETl • seETA+I,5 
0245 GO TO 'I' 
IZ4b 490 8fTA. B!TA+Ol*SI.THIA02 
0241 8fTAO(lT) • 01 
8248 IF (~T.aQ.3) GO TO 511 
024, IF (NSu~'.EQ.e, GO TO 'II 
8250 SBETA • 98fT.+OI*Sl-e.5 
0251 GO T~ 510 
0252 500 8ETA. BETA+l.12!*Sl*Sl eR1924 
1253 8!TAO(lT) • 1.2!*SI 
0254 IF (LT.EQ,3) GO TO 51e 
'255 IF CNSUAF.EQ,0) GO TO 511 
8Z5b SBETA • SBfTA+S.l2!*SltSI.!,'!. 
1257 511 CONTINUE 
12!S XNCll • ALPHA*SETA 
0259 ovst • ALP*OO(IJ*Al(2J*ll(S,*8!TA+AlPHA*SETAD(I) 
12~0 OVET • ALP*OO(2)*AA(IJ*AA(S,.8!TA.ALPHAt8ETAD(2) 
Ilbl OVEZ • ALP.DO(J)'AAelJtAA(.'*B!TA.ALP~A*8ETAD(1) 
02b2 IF (NSUA'.EQ.01 GO TO 5.1 
02b3 XH2Ct) • ALPHA"S8!TA 
02b4 DoVse • ~.'5*AA(2)*DO(1)*S8!TA+0,I!tlA(2)'lA(1)t8!TAD(I) 
026! OOVET • 0.25*AA(t)*(OOCi)tSIITA+AAtl't8!TAO(2») 
02~6 GO TO ,.0 
0267 ~20 I~ (I,GT.a') GO TO 55' 
0268 I' (I.GT.IZ) GO TO 53! 
02&. AAA • [1-ae.se)*e,as 
0210 XHCt) • AAAtAA(I'tAAel) 
0211 Oyst • -.S*SC*AACa'tA.C], 
0212 OVF.T • one2ltAAA.AA(1) 
e271 ov~z • ODel,.AAA*AA(2) 
1214 IF (HSU~F.IQ.~' GO TO S" 
e275 GO TO 580 
027. 530 I' (I,GT.l~' GO TO 540 
~211 AAA • Ct.!T.ET,.,.Z5 
021S XNfI) • AACI).AAA.Al(S) 
0219 oyse • DOCI'*AAA*AACS) 
0i80 DV~T ~ AA(1)tC-,!t!T,.AA(]) 
02~l OYfl • AA(I'*AlAtODCS) 
0a82 I' (~SU~~.Ew,e) GO TO 590 
las] GO TO '18 
1254 •• , AAA. (le!ZtEI,.~,25 

0285 XNCI) • AA(t'*AA(2)*AAA 
12&6 OVSC • on(I'tAAea"AAA 
0281 OVfT • AA(l)'Dnt~)*A'A 
028& oyez. ',(I).AAcal l (-,5*EZ) 
la89 GO TO 5'0 
0'90 !51 I' (1IGT.S6) GO TO 510 
12'! If CI.GT,al , GO TO 5.' 
12'. AAA • R"4*(1~SC*SC'*(1+'tOD(S)*SC) 
02'] XNfl) • AA'.AAea)tAACS) 
.,'4 OYS~ • R9.4t(-2*SC+9*DD(1)*(1-S*SC'SC»*AA(2'*A4(3) 
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FORTRAN IY·'LUS V~2-51~ 1~,~3158 P'GE 7 
PROG2.'T~ ITRI8LOCK8/WR 

02~S DYET • A~~*UU(2)*A'C3) 
'2'~ OYEZ' AAA.A'(a).ODC3) 
02" IF (NSURF.EQ,0) GO TO ~90 
02~8 r,0 TO ~R~ 
029' 5be ",. QQb4*C1-Ef.eT)*(1+.*OO(2)*ET) 
03~0 XNCt) • 4A(1)*AA,*AA(3) 
0301 DYSC • ODell*A"*A'(!) 
0302 OYET • A'(1)*R'64*(~2*ET+'*OO(2)*(t.3*ET*ET»*AA(]) 
0303 OYEZ' A4Cl)*AAA*ODC1) 
0]04 IF (NSURF.EG,0) GO TO 5'0 
030' GO TO 58~ 
030~ 510 AAA' R'64*(1-eZ*IZ)*,l+'*OD(]'tEZ) 
03A1 INCI) • 'A(11*,A'2)*AAA 
0308 OYsc • D~(I)*AA(a)'A4A 
0]0' OYET • 'A(1)*OO(2)*~~A 
0310 OYEZ • A'(1)*A'(!)*R'64.(.2*!1+9tDD(])*(I~Jt!Z'EZ)' 
0]lt GO TO "0 
0312 '80 OOVSC. OYSC*2,/AACS) 
0!1] DOV!T • OVET*2,/AACS) 
0314 X~2rl) • XNel)*I,/AACS) 
031' ,.0 AAltl). ovec 
0116 AAZ(I) • OVET 
0117 'AlfI) • oyez 
0318 IQQ • IG(I) 
011. VQQ • VQ'I) 
0320 IQQ • IQCI) 
0321 Dll • OVSCtXQo+ota 
.322 DZt • OY!T*X~Q+D21 
'32! OJI • DYEZ*XGQ+OJl 
0314 0'2 • OYSC*~QQ+D12 
0325 022 • OYET*yQQ+022 
1326 Oll • OY~Z*YQQ.D3a 
0321 013 • OVSC*ZQQ+Oll 
.,aa 02) • OVITtIQQ+02l 
132. 033 • DVIZ*ZQQ+OJ) 
033' l~ (NE.GT.t0.0' GO TO 60e 
1331 I~ (N8URP.EQ.e) GO TO 600 
0332 OXIC • OXSC+DOVIC*XQQ 
m133 oyse • OYSC+OOVIC*YQQ 
.134 Olac • OlSC+DDYSC*ZQQ 
0335 OXET • OXET+ODVIT*XQQ 
e336 OYET • DV!f+OOVET*YQQ 
0131 OZ"T • OZIT+OOVET*ZQQ 
0338 601 CONTINUE 
1139 DU • 011*oaa*033+01ZtDI3*031+011*021*032-0t3*D22*Ol'-DI1*OlI*D33-0 

+al*032t023 
0340 !~ (~E.GT.'~9.0~.L,N!.IJ aD TO 611 
0341 XVJACO • PX8C*DV!T-OXET*DVSC 
'342 XZJ_CO • OMSC*OZET-OXET*DZSC 
0]4] VZJACO • pV8c*nZET-ovET*OlSC 
0344 OL~MnA • S~RT(XYJACO*XVJACO+XZJACO*XZJACO+VZJACU*VZJAeO) 
8345 OL~~nA • OLEMOA*GQWTfN)*GQWT(M) 
0346 'REA • AREA+OLEMDA 
8341 610 I~ (OU.EQ.I.e) GO TO 6aa 
8348 nu • 1.0/0U 
034. GO TO 630 
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FO~TR.N IY-PLUS V~2~5'O PAGE 8 
PROGi.'lN IT~IRLOC~S/WR 

039~ ~28 PRtNT 750, NE,SC,E"IZfeNootIJ,.Q(r"Y~(r',z;cr"r.l,NN) 
0351 GO TO 688 
0352 630 DO 640 I-"NN 
0353 IF (NODell,EQ," GO TU 640 
0354 F(I) _ OlJ*(AA1Cl,*02l*033+AA3(I)*OI2tDa3+AA2Cl)*032*013-AA3CI't022 

+.013·A'2(1)·033*D12~AA1'I)tD32*O!J) 
03~' Gcr) - DY*CAA2(1)*Dl,.033+AA1CI,*023t031+AA3(I)tOlltOI3-AA2CI)*031 

+.013-AA,CI)t021*03)-011*AA3(I)t023) 
0356 Hel) - DIJ*(AAJCI)tO'lt021+01ItAA2CI)t031+DI,t032tAA1CI).AA1(1)t022 

+*03,-0,a*021*AA3(1)·01,tOJI*AAI(I') 
03'7 640 CONTINuE 
.358 XJCO~ • 1.0/0U 
03'9 DU - XJCOS*w 
0360 II • ~ 
1361 00 &70 I*I,NN 
0362 IF (NOO(I).!Q,0) GO TO 67~ 
1363 II • It+' 
1364 '1 • F(I)tau 
036! GI - G(I)tUU 
036& HI * ~tl'*DU 
.3.' .NI • _NCI) 
0368 XNIOU • XNI*au 
0369 JJ • 0 
0370 NSuqF - NSURFACI' 
0371 I' (NSURF,!Q.0l GO TO .50 
',72 XInLEM(II) * X!ULEMCII)+XN2CI)tOLIMDA 
0373 WIno - xNaCI)tOLPHOA 
0314 650 00 b6B J.l,~~ 
037! IF (NQOCJ).EQ.I) GO TO 660 
031. JJ • JJ+l 
0317 FJ • F(Jl 
0378 GJ • G(J) 
0379 HJ _ H(J) 
e380 _NJ * .N(J) 
0381 XIXJ • XNJtX~JDU 
031a IIJJ • (It-l'*NNN+JJ 
.383 XIXJ08(!IJJ) • xrXJ08(1IJJ).XIXJ 
0384 FtFJCItJJ) • FtFJ(IIJJ)+~I*FJ 
0385 GIQJ(trJJ) • GfGJ(rIJJ)+GI*GJ 
0]86 HIHJ(IIJJ) • HIHJeIIJJ)+Hl t HJ 
"11 IF (NSU~F.~Q",OR.NSUR'AeJ).EQ.a) GO TO 661 
0388 XIOLE(!l' • KIDL!(I!)+XIOOtxN2(J) 
0389 ~.0 CONTINUE 
0390 WIJCO~(ll) • XIJCOBCJI)._NIDU 
03f11 fl70 CONTINUE 
0392 IF (OV.LT,e,) w~ITr (2,.) 'ERROR IN ELEM',NE,'NQOE SEQUENCE OR COO 

.-,~ROINATE8, JAC08IAN LESS THAN 0.-
039) VOL • VOL+OU 
03f10 68. CONTINUE 
0]fl5 00 690 t*I,NNN 
13'. 6ge XIJC08C!l - xIJcnBCI)/YOL 
13'7 IF CAR!A.GT.'.0.0R,NE.aT,9Q,) GO TO 700 
039, W~tTE (2,t) 'EL!M",NE,'AREAc0,0CHECKNODES-SHOULDBEANTICLOCK' 
Ilq9 WRITE f6,*' 'EL!H",NE,'AREACB,"eH(C~NODf8-aHOULOBEANTICLOC~' 
0400 700 IF (NE.LT,999.ANO,NPRINT,GE.IJ PRINT 1~0, NE,AREA,VOL 
040t IF (NE.E~.l.'NO.NP~INr.NE.a) ~~INT 710. NE,(I,XIJCOB(I),I*l,N~N) 
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'OAT~AN IY.PLUS Y02-51Q '61 •• ,5. PAGE , 
~~OG2.'TN IT_'~LOCKS/WA 

1412 I' (NP"I"a.IGI.2) PltlNT ., YOl.dUJCOIHI), lilt ,NNN) 
84e, fl8 'OA"AT (I XIJcoa 'OR ELE"!NT',14/.9(ll,G'I."/l(9(ll.GII.,)", 
8404 ADAI - (IX-".,J 
8." CALL OPW CIPTRlt,ADR1,~NN,S"'.) 
8406 IF (IX.NE.l.0A,NPRINT.NE.3) GO TO 'SI 
140T PRt~T 170. (XIJCOI(I),J-I,NNN) 
e4ea I' (NE.LT.leee) pRINT aee, (XIQLIM(J',I-I.NNH) 
e409 IJ _ 1 
0411 IJJ - I 
e411 DO 7'0 I-I,NNN 
e4t2 IJJ - IJJ+NNN 
84t] PAI~T 781. 1,('I,J(II),GIGJ(lI).HIHJell),II-IJ,IJJ) 
0414 PRINT 19~. 1.CWIXJ08(II),II-IJ,IJJ) 
0415 Tae IJ - IJ.NNN 
14t6 'JI CONTINUE 
041T IF (NSTOP.£Q,e, NPROG2 - I 
0418 CALL OPW (IPTR11,1.,NPROGl,6.) 
0419 I' CNSTOP.!Q,I) GO TO 74. 
8421 WAtT! (2,.) 'PROGI NOT CO~PLIT! DUI TO NOD! IEQUENTIAL IRROR IN', 

.' SoME ELEMENTS' , 
0421 WAtTE (2,.) 'REMOYE ERROR. RERUN PROGI 81'ORE PROCEEDINQ AHEAD' 
0422 141 I' CNPAtNT.NE.I) CALL PTI"E Ct) 
042S STOP 
e424 7" 'OA~AT (I' OU-0.I 'OR ELM' ',15,- IC-','ll,5.' ET- "'1 •• 5,' I .z. ;.FI'.5,/J2(' NO~E·,15.· X • i,E,S,1.' ¥ i '.EIS.f,; Z 8 ' • 

• U3. TIl)) 
1425 16e 'ORMAT cl ESTIMATION 0' GAUSSIAN INTEG~ATION ~AS 81EN DONE 'OR ELE 

.H •• ,I!,1IX.'19 •••• 8AR!A AND VOL 8',Gte,]) 
1426 '" 'ORM~T C- X{Jeoe a, ELlMINT"',1'0C12E11.1/J, 
0427 1ae 'OR~AT c· 'I'J,IIGJ,HIHJ 0' !~IM'I ,NODIS',IJ'I,SIeII111.'/), 
1421 "I 'ORMAT (i XIXJO' 0' ELEM,.t NODE.'.11/.5ICla'1.,J/,' 
142. I~I 'ORMAT C- XIDLIHOA FOR ELEM'I ARI;,,!1(12!SI.3/') 
I.la INO 

PROGIUM SrCTlONS 

HAM! Ill! ATTR18UrU 

.COI}!l '114646 32'" Rlr/,I,CON,LCL 
'POATA 0011'14 286 RW,D,COIII,LCL 
SlOATA 111150 5~" RIIf,O,COIII,LCL 
'VARS 12eau 4184 It~,D,COI\I,LCL 

ITIM'" fJe"u 11 ItIill,O, COlli, I.CL 
XV% fl061U10 15lb ItW,O,OVA,G8L 
HOR \!IalU4 94 ItW,O,OV!t,G8L 
!L!1111 '''424 ll8 RW,D.O"It,GBL 
!L!111 11114134 ]SUl RW,D,OYR,G8L 
TRAC! I!IIIe 14 6 RW,O.OVR,GBL 

TOTAL SPACE ALLOCATE/) • 0ft41~ft UJ!! 

.LP,.PAOt:2 
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9.3 BAND, PROGRAM LISTINGS 

FORTRAN IV.PLUS V0l.510 
8AND"TN ITRI8LOCKa/WR 

00f.11 
00~2 
001113 t 

• • • IU04 
01/1111'5 
"0h 

0001 
un 
0009 
1/1110 
'ell 
11012 
lUlU 
01/114 
IIU 
"IOU 
I0n 
'018 
001 CJ 
0UB 
0021 
fUJU 
eu] 
0024 
01U'3 
IIU~ 
AU? 
'028 
IUI29 
f10311J 
0Ul 
0032 
0033 
18034 
003'3 
00]1, 
0031 
er1l18 
0039 
IUS 
0041 
9042 
004] 
1/J044 
00'" 
11046 
0047 
11048 

C .tt •• ~~NO.PTN tt •••• ttt.tt. 

c······-·.········.···.··············_··.············· .• _._._ .•••. _---•. 
C PA"~AAM TO ~OA~ T~! LOCATION 0' ELEMENTS IN INITIAL SYST!M MATRIX C.·------.··.· .• •··.•· •• •.·•····.·.····•· .. ·.· .. ···.--._ .. -. __ .. -.--... -

B YTII: MeR (80) 
INCLUOE 'HOR,FTNi 
COMMON/HOR/LNPT,NTT,NSPTC,N9'PTt,NSTR!M,NPT,NSELEM,NILEM,NOOMAX, 
'NONZ[R,NQO,MATN,KTYP~,NMAX,~STI"NT1MI,NSTORE,NOUM,TITLI(21), 
'OP1,OP~,OP],OP4,OP"DP.,OP7,OP8.,DPlfIJ,DP11,DP12,DPt3,0'14,OP1'5, 
.DPlb,OP17,OP18,NTIUR',NEIURF 

COMMON/ELEM/N1,NN,NOO(44),MMl,NQW,NE,NH 
CO~MON/TAACE/NPROGt,NP~OQI,NIAND,N'R05I,NPAOG3,NSUB] 
DIMENStON NOOE(2e48),NCOL(128) 

+ ,IAANOW(2141),NSTART(2.4'),NSTOP(214S) 
CALL G~TMCR (HC~,ISW) 
IfI' (lSW,GT.79) UW ... 4i1 
I' fISW,LT,e) GO TO 1,1 
DO 10e IIISW.l,IA 

101 HeAet)." 
tte I' (taw,GT,I) law. 

IF (ISW,LT.I) tSw I -I 
I' (ISW,NE.l) GO TO 150 
IfI' (MCA(~).!Q.· ',OR,MCR(S),fQ,e) ISW I 2 
tfl' CIsw.~!.I) GO TO I]. 
O!Cn~E (1,,12~,MCR(') )IU~,NPRtNT 

12. 'OR~AT (2IS,7A4) 
1]1 I' CISW,!Q.l) GO TO 140 

WRIT! (2,t) 'ENT!R 'ILE.Q DISK UNIT' 
"!AO C~, t) ItJN 

14~ CALL ASNLUN (l,'OP-,IUN,ISTATJ 
I' CIsw.!Q,ll GO TO I!' 
WRtT! (2,.) 'ENT!R PRINT OPTIONee,I,,)· 
AEAn (l,t) NPRINT 

lSI CALL oP,tLI 'l,'TRACE',l"IPTRIS) 
CALL O~R (IPTRtl,e"NPROG1,6,) 
IF (NPROG1,EQ,l) GO TO 1b0 
WRIT! (l,.) 'P"OGI NOT COMPL!T!O THEREFOA! 'AND STOPPED' 
ITOP 

161 CALL DPFILE (1,'nESCAIP·,2~ •• IP'''1) 
CAI.L DltR (lPTA1,fI.,LNPT,94,) 
NBUIO • III 
CALL UPW (IPTR18,0"NPAOGl,b.l 
IF {~P~lNT.EQ.I)GO TO tbS 
CALL PTIME (tl) 
PRI~T 400, NT8UR',LNltT,NTT,N8PTC,NS'PTC,NSTR!M,NPT,NSTIfI' 
P~INT 4t~, NESUA"NS~LrM,N!L!M,NODMAW,NONZfR,MATN 

165 CALL OPFtLE (t,'NCOL',OPI0,tPTRI0) 
CALL OPR (IPTR1,t'.,NODE,IA4S,) 
C.LL OPfI'tLE (1,'!L!M!NT0',OP4,IPTR4) 
~s • U8 
NSTI" I III 
00 110 111,NP, 
.D~ • 1*2-1 
CALL OPW (IPTR10,ADR,NCOL,1?8,1 

l1e NSTA~T(I) I 10000 
DO ~1lI0 IF..t,NEL!M 
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FORTRAN IV.P~US YA2.SID "O( 2 
IAND.'TN ITAI8LOCKI/WR 

1849 ADR - If 
eese CALL DPR (IPTR4,ADR,Nl,50., 
885, IF [NE.LT,I •• I.AND.NPRINT,Nf.l, PRINT 3e8, NE 
'8S2 DO 191 K_"NN 
185] KM - HOU(K) 
8054 IF [KM.EQ.0) GO TO 298 
0055 DO 180 X-I,NPT 
le5, I' (KM.EQ.NOO!(I)' GO TO 191 
8.51 lee CONTINUE 
0058 GO TO ~90 
8059 19m KK - 1 
0060 AOA • KK*!-l 
0061 CALL OPR (IPfRt0,AOR,NCOL,lI8., 
0062 DO !8~ L_I,NN 
0063 JL - NODeL) 
1064 IF (JL.EQ.0) GO TO 280 
0065 DO 200 I~t,NP' 
0066 IF CJL.E~.NOOE(I)l GO TO 210 
0061 III CONTINUE 
0068 GO TO 280 
albq !IA JJ _ I 
0"~ IF (NSTARrCJJ).GT.KK) NS'ART(JJ) • KK 
00T& IF (NSTOP(JJ),LT.KK) NSTOP(JJ) * KK 
0~T2 IF (NCOL(I).Nf.0, GO TO 220 
0013 NCOL(ll - JJ 
0014 GO TO ~8~ 
0075 220 D~ 24~ LL*1,K$+2A 
0016 IF (Ll.L~.t28) GO TO 230 
0011 W~rT~ C2.*) 'IN DO LOUP 240 LL-.28',LL 
0078 PRlNT *, -IN on LOOP 240 LL - ,,8',LL 
9~19 23~ IF (NCOL(L~).EQ.0) GO TO 270 
0A80 IF f~cnL(Ll).LT.JJ) GO TO 24~ 
0081 IF (Ncn~(LL).NE,JJ) GO TO 250 
0082 GO Tn ~6~ 

alliin 240 CONTINUF.: 
0~84 !50 LA~T. NCOLtLL) 
008~ NFM • ~S-l 
00B& 00 260 LlL.LL,NFM 
0087 Lt • LLl+t 
0068 NE~T • NCOL(Ll) 
008q NCOL(L\) • LAST 
0090 IF r~f.~T.F.Y.~) GO TO 27~ 
0091 2&0 LAST. N~XT 
0092 ?7~ NCOL(LL) s JJ 
0093 280 CONTINUE 
0~q4 CALL opw (lP'Rl~,AnR,NCUL,128.) 

0095 290 CONTINUE 
0096 3~0 CONTINUE 
0091 no ~40 l*t,NPT 
0098 AOR • I.~-l 

0099 CALL OPR (lPTR10,AOR,NCOL,I?8.1 
0100 nn 31~ J.l,KS 
0101 IF (NCnLeJ).EQ.0l ~o TO 32~ 
II! U'IC! H II) CONTI NilE 
010] 320 JJ. J.\ 
0104 JBANnW(Jl • JJ 
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FORTRAN tV-PLUS V~~-51" UII'514& PAGE 3 
BAND.FTN IT~IALOCKS/WR 

0105 
01 OJ., 
lalA7 
'1108 
011/19 
'1 lUI 
0. H 
011a 
1'113 
01 tel 
01t5 
0ll& 
9117 
0118 
0119 
0120 
9121 
01i!i! 
0J?] 
1/1124 
IHit 
11Jl26 
0127 

01P8 

SCODEI 
IPOAU 
SIOA'" 

330 

340 

350 

J60 
3U1 

IF (NPRINT.Gf.~) PAINT He, r,JJ, (NCOL(J),J."JJ) 
FOR~4T t' Row',15,' ~ANO',15,' NCOL',2015/~(20X,20rS/» 
IF (NSTIF.LT.JJ) NSTI' • JJ 
CONTtNUE 
IF (NP~lNT.~U.0) GO TO 350 
PRINT 4010, NTSU~F,LNPT,NTT,N8PTC,NAFPTC,NSTR!M,NPT,NSTI' 
PRtNT 0101, NESURF,NSELEM,N[LEM,NnOM.x,NONZER,M~TN 
CALL OPW (IPTRt,0"LNPT,Q2.) 
AI)R • NPT*2.+1. 
CALL OPW (IPTR10,ADR,184NOW,2008,) 
AOR • AD'He, 
CALL OPW tlPTRt",AOR,NSTART,2008.) 
AOR • 'tH~ +8. 
CALL OPw (IPTR10,AOR,NSTOP,2048.) 
'F (NPA1NT.!~.0) GO TO 370 
no 3*'O hl,NPT 
PRINT 39~, I,IeANDW(I),NSTAAT(I),NSTOP(I) 
NeANO • t 
CAll OPW (IPTR18,0.,NPRUG1,6.J 
IF (NPRtNT.NE,0) CALL PTIME (') 

38. FORMAT t5X,'!LEMENT • ',15) 
391 PORMAT (0110) 

400 FORM4T(/1ZAt'*'1/, 
+ 20x,'TOTAL NUM8ER OF SURFACE NnO!S(NTSUR~).',T80,lt0/, 
+ 2~.,·~AXIMUM NUMBER ASSIGNED TO SURFACE NODEStLNPT)",T80,llm/, 
+ 2~w,'TOTAL NODES IN T~! SYSTEM (NTT).',TRA,11011, 
+ t2.,'THE FOLLOWING ~ARAMET!RS ARE R!LATEO TO B,C'I, 
+ 2~~,'TUTAL NUM8ER 0' POTENTIAL 8,C, PRESCRIBEO (NBPTC)",T80,I101 
• 2A.,'TUTAL NUMBER OF FLUX B.C. PRE8CRI8EO (N8FPTC,,',Tle,t10/, 
• 2~x,'TOTAL STAEAMS 8.C. PRESCRI8ED (NSTREM)",T80,I10/, 
+1,t2X,'TM! FULLOWING T~O 'ARAMETERS AR! RELATE~ TO sTIFFNESS MATRI 
.x'I,~~X,·TOTAL NUM8ER OF UNKNOWN(NPT)",TI',llm/, 
+ 20.,'MAXIMU" NUM8!~ 0' NON.ZERO COEFFICIENTS(NSTIF).·,T80,110/, 
+ 20X,'YN PAOGMJ NCO~ AND S AARAY SMOULD HAV! COLUMN DIMENSIONS' 
+ 12tX,'MORE THAN NSTI,,'II) 

FOR MlT(12X,'THE FOLLOWING PARAMETERS 4RE ASSOCI4TEO WITH ELEMENTS 
+'11?0~,'TOTAL NUMBER OF SURFACE ELEHENTS(NESURF) ",TS0,110/, 
+120x,'MAXIMUH NUMBER ,SSIGNEO TO SUA~ACE ELEMENT(NSELEM).·,T80,I10 
+/20X,"TOTAL NUM~ER OF ELEMENTS IN TME ~VSTEM (NELEM)",T80,1101 
+ 2~X,'MA.I~IJM NUMBER UF NODES IN ANy !LEMENTCNODMAW).',T80,I10/, 
• 20X,'M4XIMUM NON-ZEAO NOOF.S IN ANy ELEMENTS(NQNZER) .', 
+ T8~,lUIIt 
+ 12X,'THE FOLLOWING IS RF.LATEO TO MATERIAL NUM8E~ ASSIGN!O'I, 
+ 2~.,'MA~IMUM NUMBER ASSIGN!O TO M4TERIAL(MATN) .',T8~,Il"', 
+ /121'1 C ' * ' ) I/) 

STOP 
F.:ND 

SUE 

",,3524 
(HUIH~ 

1/102414 

ATTRIBUTES 

Ihl,l,CON,LCL 
IHI,O,CON,LCL 
Aw,f),cn~,LCL 
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'OltTRAN IV.Pl.lJ~ V0Z-'H n UIQlSIU I hI!'''''' PAGE " 
BAND.nN ITRIALOCI(S'W' 

SYAAS fl40f>12I4 838b Rw,O,CO~,LCL 
lTEMPS ~0001b ., "W,O,CO~,l.CL 
HOI' Gl011!74 q4 RIoj,O,OV~,GeL 
ELH, f!~1/l144 50 '1i,[I,OV~,GeL 
TRACE f1.100~t4 " Ih., 0, OVR, GlilL 
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9.4 PROG3I, PROGRAM LISTINGS 

~ORTR.N IV.P~US v0a.510 1 •••• '11 
PROG31.FTN ITAI~LOCKS/wR 

e0111l 
00 ilia 
1003 * 

• • • 
0004 
00'" * • 
80"6 
1111"" 

111008 
0en til,', 
0011 
011111 
0et3 
1!11114 
lUll' 
0016 
1117 
0018 

""" 0020 
.aill 
0022 
0023 
011124 
0025 
0111h 
0021 
111028 
0029 
0030 
IIIUl 
IIU! 
aU3 
0134 
0035 
en6 
la31 
emU 
8039 
0040 
8111 41 
8042 
0043 
0(144 
1111145 
0146 

c .** PROGJI,~TN t_ .. __ **. 
c···-····.·--·-·····-·······.····--~-·-··-····-··---··-.~ .. ---.-.-.....• e PROGR.M TO RE.O TIME STEPS .ND ALSO !LEMENT RELATED STRESS CONOITI 
C IT HAS OPTION TO READ TIM! VARIANT HELD POTENTI.L BOUNDARY CONOITI 
c··_--··-.·····.··················-·····.··-·········· ....•....••..... -. 

SUE MCR [80) 
INCLUDE '~O~.FTN· 
COMMON/HOR/~NPT,NTT,N8PTC,NAFPTC,NSTAEH,NPT,NSELEM,N[L[M,NODMAX, 
.NONIERfNQO,M.TN,KTYPE,NM.M,~STIF,NTIM!,NSTORE,NDUM,TITLE(21), 
.DPI,OPi',OP3,DP4,~P',OP6,DP1,OPS.,OPI.,DP'I,DPI2,DP1J,OP14,OP15, 
'OP1~,DP11,OP1.,NTSUR'fNISUR' 

INCLUDE ~P3I,FTN' 
COMMON/P]I/NST!OY,tTOT4L,~QWCPfNQfMNTRY,ITT,NH80ND,N'OUM,TTCTe" 

'D!uIL CU) 
COMMON/TRAC!/NP~OGI,NPROa!,NaAND.~PROJl,NPROG1,NSUal 
DIMe:NatO~ SUMQ(2~60),Q(7$S),'ILE(T),'ILE1(1)f8IV(T68),NOOa(T68).D 

+ ELT(10) 
CALL GETMCR ("CR,IIW) 
IF (Isw,GT.19) IS~ • ·4~ 
IF (ISW.LT.~) GO TO 110 
00 la0 1_15101+1," 

101 ~CR(I) a , , 
Ill! II' (ISW.GT,I) IS'" a 

IF (laW,LT,I) 'I'" • -1 
IF (IaW,NE.ll GO TO III 
IF (MCR(5],EQ,' I.DR,MCRCS),!Q." SSW. 2 
IF (laW,NE.I) GO TO 130 
DECOOE (]S,120,MCR(S) ]IUN,NPRINT,'IL£ 

120 FORMAT (215,7A4) 
110 I' (ISW,EQ,11 GO TO 14B 

WRIT! (2,.) !NT!R I'ILE-Q DISK UNIT; 
RUI) (~,.' IUN 

140 IF (IUN.NE." CAL~ A'N~UN (l,·OP~,IUN,I'T.T) 

~:I~~S~~;~Jl~!~~!~OI~=~T I'lL! ~AMr' 
READ (2,\50) FILE 

150 FOAMAT (2044) 
160 N a ICHR[FIL!l 

OPEN (UNITa',NAM!aFILE,TYPfa'DLD',READONLY) 
tl' CISW.!Q.l) GO TO 11a 
WRtT! (2,*) 'ENTIA PRINT OPTION(0,lf2)~ 
AEAO (2,.) NP~INT 

17~ CALL OPFILE (1,'TAACE-,1.,IPTR1S) 
CALL DPR (IPTRt.,0"NPROG1,~.' 
IF [NPROG1.EQ,l) GO TO t8~ 
WAtTE (2,.' 'PROSt NOT COMPLET!O THERE'ORE PROGlI STOPPlD' 
STOP 

t80 CALL OPFtLE (1,'OE8CAIP·,25.,IPTRt) 
CALL OPR (IPTR1,1.,LN~T,q4.' 
NfiROll • (/I 

CAL~ Op,tL! (l,'OTANDQS',DP5,%PTRS) 
ITT • 1 
IF (IS~.EQ.l) GO TO 190 
WRITE (2.*) 'N!~ TJTLE(I,Y,0aN,· 
AEAn (~,.l NEW 
1F [NEw,EQ,'" Gn TO 190 
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'DRTRAN IV.PLUS v02.'lD 16116111 PAGE 2 
PAOG1r.FTN ITRI8LOCKS/WA 

1'47 
1.4. 
1149 
II!8 
11!1 
0052 
.155 
00'4 
01'5 

0058 
0059 
106e 
1061 
ee62 
B16) 
0e64 
0e65 

006. 
0061 
1068 
006' 
0870 
0871 
0012 
0013 
ee14 
e015 
0076 
el" 
ee1a 
0079 
8081 

WRITE C2,*) ;WAIT! NEw TITLE' 
AIAO (2,150) TITLI 
CALL DPW (IPTA1,1.,LNPT,'4.' 

1'1 AEAn ",2el) DITAIL 
el' 'OR~AT (2IA4) 

IF CNPAINT,N£,e) PRINT aSI, D'TAIL 
1.1 FOAMAT CIHl/te0C'.'),/IX,eIA4/11IC'.')II) 

READ (5,221' NSTIOY,ITOTAL,NQWCP,NQ,MNTAY,NH80NO,NTEKP 
IF (NP.INT,~E.I) PAINT e, 'NSTEOY'*"IT!Dy,iITOTAL'.ITOTAL,'NQWCpi, 

.NQWCP,;NQ"Ng,~MNTAy·,MNTRY,INH80NO"NM80NO"NTEX",NTEXP 
2al FOAMAT (1615' 

WRIT! (2,e) ·~ST!OY;,N8TIOy,'ITOTAL',ITOTAL,'NQWCP',NQWCP,·NQ"NQ, 
t'MNTAY',MNTAY,'NH80ND',NHSONO,'NTEXP',NTEXP 

IF (NS'!~Y.EQ,.) GO TO 161 
IF (NP.INT,N!.~' PAINT 230 

230 FOAMAT (10K,'TAANIIENT RUN 0' MODEL PRISCRIBED'II) 
IF (NPAINT.N!.I) PRINT '41, fTOTAL 

240 FORMAT (taK'TOTAL NUMB!R 0' TIM! IT!PICITOTAL);,T50,11111) 
I' (ITOTAL.LE.71' GO TO as. 
WAITE (2,.) 'ITOTAL',ITOTAL,'.THANTI'ROGRAMITOPPEO· 
pqr~T *, 'ERAO~ ITOTA~',ITOTAL,'wHrCH II • THAN 7. PAOGRA~ STOPPED 

t~ 

ITOP 
25. I~ (~T!X'.EQ.l) GO TO iSI 

REAn (,,2.0) CTTCI),Ia!,ZTOTAL) 
268 'O~MAT (16'5.1) 

O!LT(!' a TT(l) 
00 11~ la2,lTOTAL 

a1. DILTet). TT(I)-TTCt-l) 
GO TO 380 

280 REAO (5,261) TT(t),~ACT 
DELT(l) a TT(l) 
00 29~ la2,ITOTAL 
OELTCI) a DELTCZ-1J.'ACT 

290 TTfl) a TTCZ-l)+OELT(I) 
100 DO 110 lal,ITOTAL 

r, (OELT(I).LE.0 •• J WRIT' (a,., 'ERAOR .e DILT 4 0 •• 'OR TIM! 
tST!,',t 

1,1 I' (NPRINT.GI.l' PRINT 328, I,OfLTCIJ,TT(IJ 
120 ~ORMAT CI~.,I!,· TIM! STE",Gt5.4,5X,'!LAPIED TIME',015.4) 

IF (NH~ONO.!Q.') GO TO J80 
e··--·-··---········-··-·······~--~··-·.········--·-·---.......•••..•.•• 
C TIME VARIANT HELD HIAO e.c. AlAD 'ROM BINAR 'IL~ 
C.····-·-.·-.··~···········-~·······-···.···········-·.-•••. -••••.... -.~ 

0084 CALL DP'ILE (1,'80UNnCON',OP?,rPTR7) 
008, CALL DPA (lPTR1,0.,NOOS,7b8.' 
8B8. REAO (5,150) FILEI 
e0~1 N a ICHA(FILE1) 
0088 OPEN (UNtT a 3,NAHEa'ILE1,'OAMa'UNFOAMATTEO',TYPEa'OLo',REAOONLY) 
0089 REAn (3] N6TT,CONV 
8890 t' (NeTT.NE,N8PTC) wAlT! (2,*) 'EAAoA IN N9TT',NBTT,' N8PTC',NBPTC 
1891 00 35~ la"ITOTlL 
1"2 A!'~ (1) (8IVCJ),J.t,NBPTC) 
11'1 IF (CONV.EQ.l.~.OR.eONV.!Q.0.0, GO TO 340 
01'4 00 ]]0 Jal,N8PTC 
00q5 330 BIV(J). 8IV(J)tCONV 
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0e9. 340 _OR. (1-1).'.182&. 
1191 CALL OP~ (IPTR!,AOR,8IY,15]") 
e098 I~ (NPRl~T.iy.e) GO TO J,. 
8099 PRINT ~.~, I 
'10. PRINT 610, (~OOB(Jl,8IV(J),J-l,N~PTC) 
11~1 351 CONTI~U! 
0102 BO TO )80 
lie] 36' I~ (NP~INT.~!.e) PRINT 311 
0104 310 'OAMAT [III~.,'STIAD' STATI SOLUTION IS PRESCRIBED'II) 
II'! 380 CALL OP~ (IPTR!,I.,NST£DY,18S.) 
elA. GO TO (J90,411,461), NQWCP 

01~1 
01B8 

01a9 
Ille 
11I1 
0112 
al13 
0114 
011' 
0116 
0111 
0118 

0119 
012, 
a121 
0122 
0123 
0124 
012' 
0126 
0121 
'128 
It'9 
0t30 
0131 

013a 
0133 
0134 

c·~--··-.-·--··.·······-············-····-·-··-·-·-·-· ....•............• 
C !~!MENT ~AS! SOURCE A~D SIN~ TERMS . 
c··~-·· .. -·-·~·····--·-··-·-·-·······-··~·-···-··-····---..............• 

430 
440 

470 
480 

.90 

I' (NPRINT.N!,e) PRI~T 400 
'ORMAT (1IleX,'NO N!~ aOURCE OR SI~K ~OR E_CH ELEMENT" 18 RIAD IN 

+. soLUTION IASID ON 'OU~C!/'INK ~!ADi; IN PROGRAM I'll) 
GO TO 51~ 
~EAO (,,42B) CONYER 
R[AO (5,420) (SUMQ[J),J 8 1,NIlfM) 
FOR~AT (8E10.J) 
I' (CONVIR.!Q.0 •• 0R.CONYI~.(Q.t' 80 TO 44' 
DO 430 J 8 1,NflEM 
aUM~(J) - SUMQtJl.CONYE~ 
CALL OPW tlPTR5,1"IUHQ,512e,) 
IF (NP~lNT.NE.') P~INT 451, CJ,SU~g(J),J-t,N[LIM) 
FOR~AT (tH111,120(i.'),1IX,'NEW CONSTANT TOTAL lOU_CE/S!NK ,o~ "E 

+ACH !~EM!NT "IS REAO AI BElDwi ,1120('-')11,200(IX,8("',14,F10.3) 
+/)) 

GO TO 51~ 
CONTINUE 
REAO (5,420) CONYER 
00 5~0 1-I,ITOTAl 
REAO (~,420) (IUMQ(J),J.l,NELIM) 
AOR • CI-I)*20.+1 
I' (CONYER.EQ.0 •• 0R.CONVER.IQ.l' GO TO 480 
00 410 J_l,N!~!M 
SUMQrJ' - SUMQ(J).CONV(R 
CONTINUE 
CALL 0'" (IPTR5,ADR,SUMQ,5t20,) 
IF (NPRI~T.NE.') PRINT 490, 1,(SUMQ(J),J'I,NELEM) 
FORMAT (IHlll,12'('.·),1IX,'EAC~ ELEMENT SOURCE/SINK 'OR'· TIME IT 

+(pi,1511120('-')/1,100(IX,5("',14,'11.3)/») 
CONTINU! 
CONTINUE 
GO TO (52~,540,5'll, NQ 

c·------.• ·-.·.-.·.-.·······.·.·.--···· ••• ·.··.-------•• -•• ----•••••••.• 

c·--·--·-----·-~···-··---··-·-··------·-·-·---·----·-----.-._.--.-._----'t)5 !II t~ (NP~INT.NE.~) PRINT 531 
01]6 ~]0 FORMAT (1110X,·~O IU~'ACE '~UX IS PQESCRI8!D') 
0137 GO TO h40 
It3S 540 REAO (!,421) CONYER 
1139 R!An (~,5'0' (g(I),I-I,NSE~!M) 
114e 550 FORM_T (8EI0.5) 
0141 IF (NPRI~T.NE.0' PRINT *, 'TOTAL SU~F_CE ELEMENTS',NSll!M 
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0142 
fU4] 
0144 
114, 
11'146 
0141 
0148 

1149 
1158 
01'1 
01'2 
IIUl 
0154 
"1~5 
1'156 
01" 
01!'18 
111159 
8160 
0161 

lUI 
0163 
IU4 
0165 
0166 
IU6T 
0168 
I!Iln 
111170 

GI1 T 1 
017a 
1113 
0174 

PRoaRM" 

NAME 

ICOOEl 
'POHA 
ilonA 
'VAAS 
ITEMPs 
HeR 
Plt 
TRACE 

I' (CONVIR.!Q •••• DR.CONV!R.EQ.l.' GO TO ,,1 
no ~60 Ja"NS!LfM 
Q(J) • QCJ)*CO~Y!R 

'61 CONTlNUl 
510 CONTINUE 

IF (NPRINT.NE.I) PRINT !Se, (J,QCJ),Jat,N'!~E"' 
580 FORMAT (IHtll,121('~;",1'X,'CDNSTANT SURFACE FLUX P~ESC~IS[O'/120 

+(·.·)11,200(IX,8r-.'.14,F10,3)/») 
CALL n_w CIPTR5,1411.,Q,lSJ6,J 
GO TO 6418 

iii II I COfllTlNUf 
REAO (5,4al) CONV~R 
DO 610 I a l,ITOTAL 
REAn (5,~50) (Q(J),Jal,NS!~EM) 
IF (CONYER.E~.~.,OR.CONVER,EQ.l.' GO TO 610 
DO 600 Jal,NSEL!M 
Q(Jl a G(J'*CONVER 

690 CONTlI'IUe 
610 CONTINUE 

IF tNPRINT,N~,0) PAINT .,0, 1,(J,Q[J),Jal,NSELEH) 
620 'ORMAT (lH111,121(,.i),10X,·SUAFACE FLUX PR!SCAISED FOR TIMf'·STEP 

+',ISII12A('-')II,aaeClx,8C,.i,14,Fle,!)/)' 
AOR • (1.1)*~,+1401, 
CALL DPW (IPTR',ADR,Q,15J •• ' 

ue CONTINUE 
641 CALL OpeL (IPTR" 

NPR01I a 1 
CALL npw (IPTR1I,I.,NPROG1,6.l 
CALL OPCl tIPT"t) 
t~ (MNTRY,NE." ~RINT 'Si, MNTRy 

651 FORMAT (11,a0(;~;"I,I.X,'tMPDRTANTt·.MNTRY.',I5,'SIMUlATIO~ SHAL~ 
+ BF. DONE USING THIS AI THE ,; MATIRIAL • FOR ALL EL!M~NTS',111'X" 
+THIS MEANS THE ASSIGNED MATERIAL' OF EVERY ELEMENT" SHALL BE aVE 
+RRrnOEN ~y T~IS VALUE'/I,tZe('-')II) 

6~' FORMAT (tHill,' POTENT~AL HE~OBDNOARY VALUES',T61,I511) 
670 'ORMAT (4(tx,I',; NOOE;,~12.3,' SlY'»~ 

STnp 
!'ND 

SECTIONS 

SIZE ATTRIBUTES 

006C!32 1 ft13 RW,I,CON,LCl. 
0007l1i! 218 RW,O,CON,LCL 
11102324 h18 RW,O,CON,LCL 
043714 '!'!<l Rw,O,CON,LCL 
00000& 3 RW,",CON,LCL 
12100214 qll ItW,O,O~A,GSL 

"'012157"" 188 Aw,D,OVR,GBL 
(11000t4 I> AW,D,OYR,GI!H. 

TOTAL S~ACE ALLOCATF.O a 0565t~ 1194~ 

FOATRAN IV-PLUS V02-'10 16116'12 
PAOG]I,FTN ITR,ALaCKS/WA 

,LP .-PROG]! 
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'O~T~AN tV-PLUS V~2.'tD 
P~O;].'TN ITRI~LOCKS/WR 

011131 

01002 
0"~] * 

* • • 
0004 
OJ011! • 

* 0,,01& 
IIflIiI1 
001/18 
0009 
0010 
0011 
011la 
alB J 
0014 
01315 
001& 
0011 
0018 
0019 
01112111 
1110i'l 
01"22 
110f'] 
0M!4 
111025 
0102& 
0921 
002/1 
III111i9 
00301 
0~~1 
0032 
(/1033 
003/1 
01115 
003" 
'"1(1)37 
0038 
"0~q 
00 11 0 
0041 
001112 
00113 
o III II II 
1110115 
0011f\ 
0fi1111 

c-----·~---·--·~··--····.······--·····-·····---·.····· .. -.• -~ ..•.... --.. 
C PROGRA~ 3 ,u~ D!TERMINATION 0' HEAD 
c.··-·-·--· •. --.• ·• .•••••. ·-·······.·.·-.--.-.-.~ ... -.~.--•. -.-•. -.. -.~~ 

COMMON IPOINT/IPTR1,IPTRI,lPTR],IPTR4,rpTR"I~TR6,lPTR1,lPTRe9 
• IPT~1",tPTR11,lPTRI2,lpTRI3,rpT~14,rpTRt"lPTRI6,IPTRl1,IPTRI8 

tNCLUD! 'HDR"TN­
COMHON/HnR/LNPT,NTT,N8PTC,N8'PTC,N'TR!M,NPT,NS!L!~,N!L!M,NOOHAX, 
'NONZ!R,NQD,MATN,KTVP~,N~AX,NSTt"NTIHE,NSTORE,NDUM,TlTL!(20), 
'OPt,OP2,nPJ,UP4,DP!,OP&,DP1,OP8.,DPI 0 ,DPlt,DP12,DPt3,DPI4,DPI5, 
,npt.,DP1',DP18,NTSUR',NEIURF 

INCLUDE ·P31,'TN4 
COMMON/P3I/NaT!Oy,ITOTA~,NQWCP,NQ,MNTRV,lTT,NH80ND,N'CUM,TT(10), 

.O!:TAt~(20) 
~OHMON/TRAC!/NPRo;t,NPROG2,NBAND,NPR03t,NPROG3,NSU8! 
CAll STARTJ (NPRINT,N8EGIN,NR[DO,NDIG,NCONS,CDELT,TTOTAL,IBBAND) 
I' (NP~INT.NE,I) CALL PTIM! (" 
CAll DP'tL~ (t,'PROP!RTY',DP2,t'TR2) 
NPPP • NPHINT 
DEL TAT • COEL T 
IT • ITT 
I' (fT.GT.l) TTIME • TTCIT.I) 
I' (NCONS,EQ.l) GO TO le~ 
00 22~ ITH'lTT,TTOTAL 
ITl( • ITM 
GO Tn 11" 

10' IF(ITT.~~.I)T8EG. 1,0 
TF(ITT.~f.')f8EG • TT(ITT-l) 
nO 220 T)(.TBEG,TT(ITOTA~),CO!LT 
tTX • tThl 

t10 NIoIPTH. 111 
fSTEP • ISTEP+t 
tF rISTEP,GT.l.ANO.NPRI~T.GT.l) NPAINT • 1 
IF r~ICON~.EQ.I1I' GO TO 120 
IF (ITW,NE.I) N8FGIN • 5 
TTJ~! • TTIMl+OELTAT 
IF (TTtME,LT.TTt!T» GO TO 1!0 
NWPJTf • 1 
GU TO 13'.\ 

120 IT. IU 
IF (IT.~Q.l' uFLTAT • T'tlT) 
IF (tT.GT.I) OELTAT • TT(IT)-TTCIT-I) 
NvlPITF.. • 1 
'TI~E • O~LTA'.TTIME 

t30 IF (NPPP.N~,~) GO TO 14~ 
NPRI NT • NPPP 
CALL S~~TCH (t,I~W) 
IF (l8 w.ElJ.tl "lPAINT • 1 

tll9l ITER. I 
GO Tn (1~~,lb~,110,1~fiI,lq~,?I1I~,21~), NOEGIN 

150 CALL ELf MAT (N'TEDV,MN,qV,nfLT4T,I"N8PTC,NELEM,~TVPr.,NMAX,NPRINT) 
,~~ CALL SV8MAf lNELf~,N~TIF,NPT,NP~lNT' 
110 If (J"~ANfl.~I,I.Qll CALL 'HEAO (NPT,NPRINT) 

IF n'H'I~NJ).El~.tJ CALL MEAf)f\ lNPT,NPAINT) 
till" IF r T R~ Aim. E IJ. f/I) C ALL UIIP!.~T ,NP" tNT, NRI:.IlO) 

If ( l 1\ f1 A H II. t. ,:, • t J CAL l lJ P E FIT PI ( "I P R 1 N r / N REI) (J ) 
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0048 lql CALL RVALUE(rT,NQWCP,NQ,N8fPTC,NSTREM,NMAX,NPT,~PRrNT,N!LE~,NSELEM 
+,N8T~Oy,LNPT,NAPTC,NH80NO) 

0049 200 CALL ~ACKSU (NPRINT) 
0~'0 11' CALL HWRITf (NPRINT,lT,NOIG,D!LfAT,NCONS,TTIME,NWRITE,NSI1' 
00~1 CLnsE (UNITe.) 
00~2 ~8FGIN e ~ 
00~3 N~~nO e ~ 
0~54 tF (NSTEOY.EQ.0) GO TO 120 
0055 IF (NCONS.EQ.0 •• NO.A~S(TT( IT+! )-n OT)-DEL TAT) IDELTAT .GT •• 1f!-4) Ne 

+EGJN • 1 
0056 220 CONTINUE 
0057 NPRnG3 e , 
"'''i'''8 NSll!l3 • IS 
0059 CAll Opw (IPTR18,0.,NPRUGS,b,) 
~0~0 rF [NPRINT.NE.~) CALL PTIME (h) 
0061 STOP 
00b2 ~NO 

PROGRA'" 8ECTIOfllS 

N~"'E SIZE ATTRIBUTES 

SenOrl (1101424 ~q4 Rw,I,CON,LCL. 
SFUATA "'I)I(lI~56 23 RW,O,CON,LCL 
UDAH tlIP,022Q 74 " ... ,O,CON,LCL 
SVAR' ~t"0'('16b 2'f RIII,D,CON,LCL 
SlEMPS 00~01i 'i RW,D,CON,LCL 
PQHlT \1100042 17 RIII,(),OV~,ll8L 

HOR ~QI027i1 Q4 ~1II,O,OVR,G8L 

P31 ~~057" 181\ RW,O,DVR,GAL. 
flUCE ~~f~14 ~ RW,D,OV~,G8L 

TOTAL ~PACE ALLOCATEn • ~"311'" 826 

,LPI·rRp~3/cnI40 
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'181 

IIU 
11181 

0004 
l0e, • 

• • • 
00(11~ 

0111"'T • • 011118 
0009 
0010 
0ell 
IClJU 
0113 
1014 
!/III !!I 
0016 
0011 
0018 
1',9 
\'!02111 
c:l021 
0022 
Glen 
PlU4 

'02' 
lei6 
aUT 
lUlU 
0029 
ee31 
0831 
1'032 
0033 
e034 
1803'5 
0136 
1031 
.138 
103" 
,,4e 
0041 
1042 
0843 
0.44 
le45 
004" 
11141 
0048 
0049 

C aTART1.'TN 
SURROUTl~E 'TARTl CN'RI~T,NB!GIN,NR£DO,NDIG,NCONI,CO!LT,TTOTAL, 

+UAAND) 
8YT!!: MCR(a') 
COMMON IPOJNT/IPTR1,IPTRa,IPTRS,IPTR4,IPTR5,IPTR6,IPTRT,IPTR8. 

+ IPTRlI,IPTRlt,IPTRI2,lPTRIJ,lPTR14,IPTRIS,IPTRI6,IPTRl1,IPTRI8 
JNCLUO! '~OR,FTN' 
COM~ON/HDR/LNPT,NTT,N8PTC,~8FPTC,NSTR!M,NPT,NSELEM,NE~EM,NODMA., 

'NONZ!R,N~O,MATN,KTYPE,NHAX,N8TXF,NTIME,NSTORE,NOUH,TITLEeZ'), 
'~Pl,OP2,OP1,OP.,DP!,OP.,OPT,OP89,OP11,OPll,OPI2,DP1J,OPt4,OPIS, 
.npt6,DP 11,DP18,NTSUR',NESUR, 
INC~Un! 'P3I,'TNi 
COM~ON/P!I/NST!OY,ITOTAL,NQWCP,NQ,MNTRY,ITT,N~80NU,NFDU~,TT(T'), 

'O!TAIL(218) 
COMMON/TRACE/NPROGI,NPRO;2,NSAND,NPROJI,NPROG3,NIUI1 
DIMENSION FILErl),~EAO'2!61) 
CALL GETMeR (MCR,IIW) 
I' (ISW,GT.T.) ISW •• 43 
l' (law,LT.e) GO TO 111 
DO lee IIIIW+I,80 

t00 MtRrl) 1 ' , 

III I' (lsw,GT.l) tsw 1 

IF r!Sw.LT.0) ISW 1 -I 
I' eISW.NE.I) GO TO '1~ 
IF (MCRtS).EQ,' ;.OR.HCR(5).!Q.0) ISw I 2 
I' (JSW.NE.l) GO TO 131 
OfcnDE (4,,120,MCR(')IUN,NPRI~T,N8!GI~,ITT,NR£DD,NOIG,NCONI,CDELT 

t20 'ORMAT (1I!,EI~,]) 
I' rNBfGtN,NE,4) NREOO I 0 

131 I' (ISW,fa.l) GO TO '40 
wRITE (i,.) 'ENTER 'ILI-g DISK UNIT; 
RUo (2,., lUN 

141 'F (rUN.NE.!) CALL AS~LUN (l,'OP',IUN,ISTAT) 
I' ClSw.EU,l) 110 TO 160 
WPITE(~,.)'PAINT OPTION (NORMAL_ I, 'OA DEBUG I 2 , NO OUTPUT-.)' 
WRJT£(2,.)'N~fGIN(NORMALI t AND 'OR ASITART • SUBROUTINE IN MAIN)' 
WRITE(~,.)'ITITtHE ITfP TD START CNORMAL •• ,RESTARTITIME STEP)' 
WRIT!C~,.J'NOIG I OUTPUT DIGITS A,TEA DECIMAL IN "F" ,ORHAT' 
WRtT!(~,.)'NtONS 1 I 'O~ TIME STEPS REAO IN PRDGSt; 
WRITE(Z,t)' • I 'OR CONSTANT TIME STEP 'OR COMPUTATION' 
WRITl-:t2,.)· , 
WRtTE C2,.) 'NPRINTCI,1,2],NB!GIN(I,2,1,4,5,6,1),IT,NOIG,NCONI' 
REAn (2,*) NPRINT,N5EGIN,ITT,NDIG,NCDNS 
WRIT!(,.,.)'I. (.PECTEO BAND WIDTH TO 5E MDRI TMAN 2,2lt.Y,IIN)' 
READ (l,.) lelAND 
I' CNCONS.fQ 0) GO TO 1'0 
WRITE (2,.) 'CONSTANT OELTAT' 
RUD (~,.) tOfLT 

150 I' fNA!GtN,NE.4) GO TO 160 
WRtTE (2,.) 'RISTARTCIINORMAL AESTART,2ISYSTEM CRASH)' 
WRIT!e2,.,'RESTA.T OPTION wDRKS ONLY wITH BANDWIDTH .252' 
WRITEt2")'RE.TAAT WITH NB!GIN.) I' ERROR DETECTED' 
REAn (2,.) NAEOO 

'6e CAL~ OPFtLE (l,'TAACE',t.,IPTRtS) 
CALL DPR (IPTRI8,e.,NPROG1,6.) 
If (NSUA'.~Q.0] NSUB] I 1 
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00'51 
0052 
0053 
11054 
1055 
005& 
U57 
111058 
0059 
110"0 
00bt 
III", i? 
00",3 
1tI1II&4 
130&5 
011",,, 
fl0&7 
00"8 
013,.. 
0f110 
001'1 
0072 
(HPJ 
0074 
IlHH'3 
001& 

0077 
0078 
0079 
0080 
001\t 
00&2 
0083 
111084 
0065 
008" 
0087 
0MS 
1108'9 
0190 
ent 
10'92 
0093 
011194 
1095 
109& 
0097 
1Il1lJ9a 
0P'9Q 
01P'1Il 
0101 
0102 
0103 

IF (NPROG3.EQ.t) WRITE (2,., 'PROG3 COMPLETED LAST TIM!.THIS 18 RE 
+RUNjI 

tF (NPROG1.EQ,l) GO TO 110 
WHYTE (2,.) 'PLEASE NOT! THAT PROGI ~OT COMPLETED' 
NSTOP • t 

170 IF (NPROG2.fQ,1) GO TO 180 
WRITE (2,*) 'PROG2 NOT CO~Pl!TEO OR AERUN IN PAOGI WAS NOT l' 
NSTOP • t 

180 !F (NAANO.EQ,ll GO TO 190 
WRITE (l,.) 'SAND NOT COMPLETED PROG] STOPPED:NBANO.',NBANO 
NSTOP • 1 

190 IF (NPA011.EQ.t) GO TO 200 
wAITE (2,.' 'OLD VALUE8 OF PROGl! useo' 

100 IF CNSTOP.E~,~) GO TO ill! 
wRtTE (2,.) 'PAOGJ STOPPED 8ECAUSE PROGI,a, OR BAND NOT COM~LETE' 
aT!'P 

21~ IF (NAEGIN.Nf.4.0R.lsw.NE,1) GO TO 220 
NAEno • MOO(NSUal,10) 
NSU" J • NSU811 t" 
IF (NSUS].EQ.4.A NO.NREOO.!Q.0) NSUB] • 1 

2?0 IF (NHEDO.EQ.0.A NO.NaEGIN,!Q.4) NBEGIN ~ 3 
If (NSUB3.LT.~eEGIN) wRITE (c,*) 'NSU83',NSU81,'N8EGIN',NBEGIN 
IF (NSUB1.LT.N8!GIN) N8!GIN • NSUSl 
CALL DPF1LE (1,'OE8CRIP',25"IPTR1) 
l' CNRE~!N.NE.4) NREoa • 0 
CALL D~R (lPTRt,0,LNPT,94.) 
IF rIB6AND.EQ,III) CALL OprIl! (1,'UP8ACKUP',OP11,IPTA11) 
CALL DP'ILf (1,'XYICOR',OP3,tPTRJ) 

e tFfrBBANO.EQ.l)CALL OPFILE(1,'UP8ACKUP~,DP11*2,IPTR11) 
CALL OPFtlE (1,'OTANOQ8',OP~,IPTR5J 
CALL OPFILE (1,'ELEMATRI~',OP&,IPTR6) 
CALL VPFtLf (1,'!LEMENT1',OPtl,IPTRlt) 
CALL OPFIlE (1,'''OUNOCO~D',OP1,IPTR1) 
CALL DPFIL! (1,'FACTOR',QP89,lPT Ra9) 
CALL DPFlLE (1,'NCOL',OP1B,IPTR10) 
IF (I8~ANO.EQ.0) CALL DPFIlE (1,'UPTRIANGL',DP12,I~TR12) 
IF (tB"ANO.EQ,l) CALL OPFIL! (1,'U~TRIANGL',OP12*2,lPTR12) 
CALL OPFILE (1,'8ACKSU8',DP13,IPTR13) 
CALL OPFrL~ CI,'HEAO',OP14,I PTR 14) 
CALL O~F!LE (t,'BYALUE',DP1"IPT~15) 
CALL o,'tLE Cl,~AESTART',DP16,IPTR1") 
CAll opFILE (1,'fL!MENT0',OP4,IPTR4) 
IT8AV • tTT 
CALL OPR (IPlR',0"NSTEDY,lA8.) 
tTT • nSlV 
I~ (tTOTAL.GT.7~) WRITE (2,*) 'E~ROR ITOT4L » 50',lTOTAL 
TTOUL • nOTAl. 
IF (NPRINT.LE.1J GO TO 230 
WRJTE (6,~50) NTSURF,LNPT,NTT,NBPTC,N8FPTC,N8TAEM,NPT,NSTl~ 
W~lTE ("',260) NESUR,NSELEM,NELEM,NONZEA,M4TN,KTYPE,NMAX 

230 II' rNST!f)Y.EQ.(II) GO TO 240 
IF (NCONS.EQ.l.ANO.ITT.GT.l) TTOTAl • (TTCITOTAL)-TTCITT-l»/COELT 
If (NCON8.EQ.l.ANO.ITT,EA.l) rTOTAL • TTCITOTAL)/CD~LT 

a40 CALL OPR lIPTR14,(ITT-l)*20.,HEAn,NTT.2.) 
CALL OPW (lPTR89,20.,HEAO,NTT*?.) 

250 FOR~AT (/120(·.'1/,20X,'TOTAL NUMBER Of SURfACE NOOES(NTSURF).·,T1 

9-47 



FORTRAN !Y-'LUS V02.51D 16Ia"I! 
ITARTS,'TN ITRI8LOCKS/~R 

+,,It,,,al.,-MAXIMUM NUM8ER ASSIG~EO TO SURFACE NQDES(L~PT)",T'0,I 
+t0/,2IW,'TOT'L NODEa IN TH! SVSTEM (NTT)",T11,ll',I,lZX,'THE FOLL 
+ONI~G 'ARAHETERS ARE A!~ATfD TO B.e'I,21.,'TOTAL NUM8ER OF POTENTI 
+AL A.C, PRESCRI8EO CNBPTC)'·,TTI,111/20.,'TOTAL NUM~ER OF FLUX 8.C 
+0 PRESCRIBED (~a'PTC"',T10,ll",2ex,'TOTAL NUMBER 0' STR!AMS 8,C 
+, PRE'CRI8EO (NSTREM).-,T11,l"",.,.,'TH! 'OLLOWING TWO PARAMETER 
+. ARE RELATED TO STIF,NESS MATRI.'I,I.X,'TOTAL NUM8ER 0' UNKNOWN(N 
+'1)",T,I,11",2.X,'MAXIMUM NUM8ER OF NON-ZERO CO["lCIE~TS(NSTI') 
.",TTfiIl,Il011) 

1114 '68 'OR~AT (t2X,'THE 'OLLO~lNG PARAMETERS ARE ASSOCIATED WITH ELEMENTS 
+'llllx,'TOTAL NUMBER 0' SURfACE ELEMENTS(NESURf) ",T'I,I"/,/2'., 
.iMAxtMUM NUM8ER ASSIGNED TO SUR'ACE !L!HfNT(NSELfM).-,T,e,II0/20X, 
.'TOTAL NUMSER 0' SURFACE EL!MfNTS(NSELEM) .·,T'0,110/,21.,'TOTAL N 
.UM8ER 0' EL!MENTS(NEL!H) ",T10,111/,2IX,'MAXIMUM NONRZERO NODES 
+IN A~V ILEMINTSCNONZER) .·,TTI,llall,12x,'THE FOLLOwING IS RELATED 
• TO MATf_I'L NU"8ER ASIIGNED'I,IIX,'MAXIMUM NUM8ER ASSIGNED TO HAT 
+!RI.L(MATN) ",T11,lll/,2IX,'KTVPfe THE 'LAG FOR K VALUES.-,TTe,110 
.',20X,;NMAX ",T,.,lla/,/121('*')II) 

~1~! WRIT! t2,.) 'N![GINi,N8EGIN,'NPRINT;,NPRINT,'IT',ITT 
I1A6 RETURN 
~10T f~D 

PROGRAM S[CTtONS 

NAMe SIZE ATTUBUTES 

'COOEI Q!1Il3452 cHT RW,I,CON,LCL 
'POAU 00201 fI 51' RW,D,CON,LCL 
IIOATA 002311 63T RW,D,CON,LCL 
.yiAS 1124112 !t81 RW,O,CON,I.CL 
POINT IIIJIIIlU 11 "w,O,OV",G!1. 
HOR 10"214 '4 RW,D,OVR,GeL 
I'll 001570 1118 RW,O,OYR,G8L 
TRAC! 1110'114 6 RW,D,OYR,GBL 

TOTAL SPACI ALl.OeATEn • 113!4\6 15!' 

,LP'-START]/CO'00 
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... 

'DRT~A~ IY.PLUS V~2.5t~ 
!LEMAT.'TN ITRI8LOCKS/WR 

tl01111 

e"lIi! 

0fJn 

11004 

tlIII05 

0091(, 
0001 

00f1& 
00'9 
112110 
Ull 
leu 
0I/JU 
lUlU 
0015 
00h 
IUU 1 
0018 
"'tllC, 
002111 
0fl21 
'022 
111023 
001.4 
1025 
902& 
01'127 
00pe 
00P9 
Clt031/1 
1112131 
011132 
01133 
0034 
"tl3' 
IiIl'llb 
"1'.137 
01!J38 
0e39 
121040 
0041 
11104i! 
0043 
0044 
0045 
n4b 

C * HEM" .FTIII 
SUAAOUTINI ELEMAT (NST!Dy,MNTRy,DELTAT,IT,NBPTC,NfLF.M,~TYP!,NMAX, 

+NPRIIIIT) 
c····.---.···········.············.···.········.· .. ·.-.. -.-_._ .• 
C (LEMENT MATRIx e······-•. ······~·····-····················-··-·-··---.-.-~ •.. -~ 

COMMON IPOINT/!'TR1,IPTR2,IPTR3,IPTR.,IPTR5,IPTR6,IPTR?,IPT~e9 , 
+ IPTRI0,IPTRll,IPTRI2,IPTRI3,JPTAI4,IPTRI5,IPTA16,IPTRlT,IPTRla 
COM~ON/KXYZ/XK(5"),YK(50),ZK(5111),SPEC(!""THETA(S",,ALPHA(50), 

+8!TAP fS0',PZERO(511J) 
COMMQN/ELEM1/NN,NOD(20),MM1,NQ~,SUMQW,NE,NH!AO,XJJC08(20', 

+XIOLEM(20"FI'J(400),GIGJ(400),HIHJ(400),XIXJOS(400),IDUH,AR!A 
CO~MON/ELfMAT/NNN,NNf,"M,NHD,AAEA1,8UMQ,NODDC2e),ZY(101, 

+XIOL!lCc0),XIJC01(20),CICee,20),PPIJC2S,20) 
COHMON/TAACE/NPROGt,NPROG2,NBANO,NPR03I,NPROGl,NSU83 
nIM~NSION XKK('ll,YKK(21),ZKKt2e),'ACTORC2!6', 
+~EAnC25b),AHO(e,~),Z(25.),COE'(2e) 

CALL OPR (IPTRS8,I"NPROG1,.,l 
CALL DPR CIPTRZ,~".~,80e,) 
NRA • ~rIlllI 
NMAIIH • 2!6 
00 t CIte lei, 20 
1)0 101/1 J.l, 10 

101 PPIJel,J)' ~.I/I 
00 211 rXet,NEL!M 
ADR • Ctx-I) tU, 
CALL OPA CIPTR11,ADR,NN,1311.) 
NMO • NHEAO 
141'4 e 1'1"'1 
I' CMNTAY.N~.0' NN • HNTAY 
DO 141/1 I'I,NN 
K e ~IOD cr) 
NOOO (J) • K 
WIOLE!CI) • XIDLfM(I) 
lIIJr.01CI) • XIJC08CI) 
J~ t~TYPf.EQ.0.ANOt(N8T!DY.EQ.0.0R.8PEC(MN'.NE.0.0') GO TO 130 
Nit • (hI) INMU 
IF (~R.EQ.NRR) GO TO 110 
ADA • NR*2.0 
CALL OPR (IPTR8~,ADR,'ACTOR,51e,) 
CALL OPR (IPTAS',ADR+20.,HEAD,'t2.) 
CALL aPA (IPTR89,AOR+.I.,RHO,512.) 
CALL OPA (IPTRJ,AOR,Z,512,) 
NAA e NR 'S. ~~. K.NRtNMAK 
JF CNSTEnY.EQ.~.OR.aPEC(MN).Nl.0.1) GO TO 120 
THfT • THETAtMN)t(H!AO(KK)-ZeKK).PZERO(MN» 
COfFel) e ALPHA(HN)+THET*8ETAP(MN) 

120 IF (KTyP!.EQ.0) GO TO 130 
'ACT • FACTOR(KK) 
XKKtl) e lIK(MN)'FACT 
YKNCIl • YK(MNl*FACT 
ZKkft) • ZK(MN)*FACT 
Gn TO t4Q1 

l!QI liNK (I). IIK(MN) 
YKK rr) • YK (MN) 
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FORTRAN IV.PLUS V02·~tO 16107.50 PAGE i! 
E~EMAT,FTN ITRIA~OC~S/WR 

004T 
0048 
01'14~ 

0051/1 
AI!I~t 
0052 
f110'!!3 
0054 
01155 
Q!0,,!!~ 

0051 
0058 
005~ 
0060 
00b1 
1Il0b2 
0063 
0064 
I!J0 f; "!! 
0"'66 
0067 
0068 
00'" 
001111 
UTI 
0012 
0013 
00'74 
0tH"!! 
Ql01fJ 
liH'J17 
0018 
0019 
fIl080 
\!JeSt 
001.1i! 

PROGRAM 

NAM! 

SCOOfl 
spnATA 
SIO~TA 
hARS 
STEMPS 
POJNT 
IO(VI 
HfMt 
EI.EMAT 
TRACE 

140 
lKI( (I) • ZK (M",) 

CONTINUE 
PJJ a 111.0 
"0 200 hi, NN 
IN • (I-I J .NN 
no tll0 Ja"NN 
tJ • IN+J 
CIJ • KKK(J'*FI'J(tJl+YKKtJ)tGtGJeIJ)+tKKeJ)tHJHJ(IJ) 
IF (NSfEOy,EQ,0) GO TO IT\!J 
PPIJ[I,J) ... ClJ 
IF CSP!C(MN).Nf,A,I) GO TO 150 
COFt • COEF(J) 
GO TO tf)\'! 
COFt • SPEe(HN) 
PIJ • XIXJ08(lJ).COFI/OELTAT 
CICI,J) • CIJ+PIJ 
eONTIfIIUE 
zy CO • GI.e 
IF (NPRINT,GE.2,AND.IX.LE,.,'AINT "8, lX,I,lY(I),(CJ(J,J),J~l,NN) 
FORMAT (' IX',14,' 1',13,' Zyf,El~.3,'CI'/5(10K,10E10,3/» 
CONTINUE 
NNN • NN 
IF (NPRINT.GE.2.ANO,I~.LE,.) PRINT 210, I~,(I,ZY(I),I.l,NN' 
FOR~AT C· ELEH.',I5/6(8CI!,!10.3)/) 
NNE a NE 
104M • 101141 
AREA 1 • AREA 
SlJM a SUf04QI'I 
AOR8N a (IX-l)t1, 
CALL OP~ (IPTR6,AOASN,NNN,tT48,) 
r.ONTINIJE 
NSUFI] - t 
CALL OF'W CIPTRt8,a"NPROG1,6.) 
I~ rNPRINT.N~.0) WRITE (2,t) 'ELEMENT HATRr~ COMPLETEO' 
RETURN 
END 

SECTIONS 

SIlE ATTRIBUTES 

0!~2HIiI ~3f; R"',J,CON,I.C~ 
0I~0111f12 <'5 RW,O,C!]~,LC~ 

1110 111 2201 12. R~,n,CON,LCL 
~ 1I!J '; 6 i? il233 RW,D,CON,LCL. 
'I0111111lt11 It Rw,n,CON,LC~ 

Cll0I0C!1 4c 11 Ihl, It, llVR, GAL 
C1103 t 1'10 1\1'11'1 RtrI,o,OVR,GAI. 
0114734 HUl ~W,[),ov~,r,BL. 

i1I<'I6h'50 114/i RW,D,Q'IH,GAI. 
~1'I"'0!14 " Rl~, 11, 'lVR, GRL. 

FORTRAN TV-PLU~ V!'I?-~ln PAGE ] 
ELfM&l.~TN ITRIQLOCI(S/WR 

,LPr -FLEMAT 
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FOAT~AN IV-PLUS v~2·!tn 16108101 PAGE 1 
SY8HAT,~TN ITRI8LOCKS/WR 

0005 
001'16 
0001 
0008 
00o, 
00t0 
11I0tl 
00U 
0011 
0014 
~0t5 
001& 
011111 
0018 
0P11~ 

01020 
aUt 
0022 
0023 
0"'24 
0015 
0016 
V!0n 
00;?8 
111029 
en" 
0031 
mtJ32 
0031 
0034 
0035 
003t1 
01'131 
0038 
0039 
11040 
00 4 1 
11042 
00 4 3 
"'11144 
1!10 4! 
0046 
0041 
111048 

c SYSMAT ,HN 
SUAROUTINE aYSMAT CNELEM,NSTI~.NPT,NPAtNT) 

e··.· .. · .. ··.·.····.··.·······.···---.····.·.······.--.----.. 

c-·--·----·-----~·····--··--··--·----·--··--·--····------.-.-COMMON IPOINT/IPTR1,tPTA2,IPTA3,IPTR4,IPTR5,IPTR6,JPTA1,IPTA89 
+ IPTRI0,IPTAtt,IPTR12,IPTR13,IPTRS4,IPTA15,lPTRlb,tPTAl1,IPTR1S 

COMMON/TRACE/NPAOGt,NPROG2,NBAND,NPR01I,NPROG3,NSUB3 
COHMON/!LEMAT/NN,NE,MM,HOUM,A~,aUMQW,NOD(20),lY(2111),XIOLEMCa8), 
+~JJC09(20),CI(!~,20' 

OIM[N810N NCOLC12S),AC128),NOO!(2e481,tsANOW(204S) 
CALL OPR CIPTAt8,e.,NPROGI,6.) 
CALL DPR (IPTRI,IT.,NODE,2048.) 
AOR - NPh2,.l 
CALL OPR (lPTRII,ADR,IBANOW,e848,) 
1)0 tQUI I-t,US 

tl'10 AU' - 0. 
00 110 hl,NPT 
AOR - l*i,-1 
CALL DPR (lPTR10,ADR,NCOL,128,1 

110 CALL OPw (IPTA10,AOR,NCOL,384,) 
00 l00 If-t,NELEM 
AI1R - erE .. I).T, 
CAll CPR (IPTR6,A~R,NN,q4e,) 
l' (NPRINT.Gf,2,ANO.IE,I.E.6) WRIT! (6,1!1) NE,((CICI,J),J-I,NN),la 

+t,NN) 
C 
12~ 'ORMAT Co N~',15,'CI'/8(8El!.4/») 

00 t'PII! I(_"NN 
1(104 _ NOOCI() 
no 11'" I-l,NPT 
til' (K'1.U.NOIJ! tIl) GO TO 140 

130 CONUNUf 
GO In t911J 

140 1<1( - 1 
AORN • I<l(d-l 
CALL OPR (lPTRt0,AORN,NCOL,le4.) 
ISANO _ tBANOW(I(I() 
00 tSII! L-I,NN 
JI. _ NODCL) 
00 I"'" I-"NPT 
til' (JI..EQ,NOOECI») ao TO 160 

'5'" CONTINUE 
ron TO 18'" '''0 JJ _ 1 
00 t7~ I.l.1,18ANO 
111' (NCOlCLl).NE.JJ) GO TO 11" 
A(ll' • A(LL)+CI(K,L) 
GO TO 1.80 

t 10 CONTI NI)E 
leI CONTlNUf 

CALL DPW (IPTRI0.A~RN,NCOL,384,) 
t QIII CONTINUe: 
21'10 CONTINUE 

NSlII'] • 2 
CAll OPW (lPTR18,0.,NPHOGI,~.) 
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FORTRAN IV-PLUS v~2.~ln 
SVSMAT.FTN IT~IBlOC~S/~R 

1&108U17 PAGE 2 

0049 
00513 
~0'H 

IF rNP~INT.Nf.0) WRITE (2,., 'SVST!M MATRIW FO~M!D; 
~ET"RN 
I!NO 

PROGIU"4 S!CltONS 

NAME SIZE ATTRUUTES 

ICODES !JU3U ~1& "IoI,I,CON,LCL 
II'DAU 000062 25 ~W,O,CON,LCL 
SlOATA "0"1311 lib RW,D,CON,LCl 
SVARS Aa14~fI 411'~ RW,D,CON,LCL 
ITFMPS ~00""4 fI h,O,CON,Lr.L 
porNT t'l01'1"'42 tT Rw,D,OV~,G8L 
UAC[ 11101.1014 b RiIII,O,OVR,GBL 
ELEMAT 0)03550 948 'hl, 0, OVR, GBL 

TOTAL SPACI AlLOr.ATED • 02781& 5'1' 

,LPI-SYSMAT 

FORTRAN tV-PLUS V"'i!.~tn 
MRfAO.FTN ITRIALOC~S/wR 

001111 ~U~POUTINE MREAO (NPT,NI'~lNT) 

PAGE 1 

A~r,2 CO~1M~N IPOINT/tPT~1,IPTR2,IPTR!,IPTR4.IPTRS,lpTR6,IPTR1,IPTR8" 
+ IPTR1~,tPTRltIIPTR12,IPTR'3,lPTRS4,IPT~I~,lPT~16,IPTRI1,IPTR18 

A~03 CUM~nN/TPA[E/~p~nGl,NPROG~,NAAND,NPR03I,NPqOG3,NSU~3 
~0P4 nJM~NST~N NCOl(128),A(12A) 
00P5 00 10t'1 I-1,NPT 
0t'1P& 4DR • J~~-l 

~0~7 C~Ll ~PW (IPTR.~,4nR,NCOL,]~4.) 

"",!/Ie "l~ . (l .. t)~J. 
01/11/1' C'LL OPW (IPTRt~,AO~,A,2~6.] 
0010 AO~ • AUR.2. 
A0tl 10~ CALL DPw (IPTRt2,AOR,NCOL,1'1.] 
("PI;! NSUR3 _ , 
0~1~ CALL DPw (lPTRt8,~.,~PRnGI, •• , 
1/1014 IF iNPRINT.~E.n) WRtT~ (~,*) 'MREAO SUBROUTINE COMPLETED' 
1'111115 RETIIRN 
I/II/It~ FNO 

PROGRAM StCHllNS 

NAME ~1ZP: ATT~18UTES 

scnOE1 "'1/101256 111 RW,I,CON,L.CL 
spnATA 0000&\5 24 RW,O,CON,I.CI. 
UU4U 1.1I~0A~0 ~" RW,D,CON,LCL 
IVARS 00141/1b 381 RW,O,CrJN,LCL 
ITEMPS "1'1",,,1/12 1 h,O,eON,LCI. 
POINT 000142 17 RW,O,OYR,G8L 
TRACE 0I!l0014 " IhI,O,OYR,GAL 

TOTAL SPAC! ALLocnEn - 1/11/1207. ,42 

,LP,.MR!AO 
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FORTRAN tV-PLUS v~2.5to HI 11/18124 PAGe: 1 
UPPERT.fTN ITRI~~OC~S/WR 

e 
00P1t 
0002 

111111"3 
001114 
00f15 * 

* 
* 
* Pl~0& 

0001 
0001 
000q 

01/110 
001 t 
0012 
0013 
00H 
0"15 
001. 
0011 
09118 
0019 
002111 
00(11 
00;»2 

c 
0023 
00"4 
00"5 
0111U 
0021 
1/1018 
00i?9 
003~ 

0031 
0V132 
00H 
011114 
0035 
003& 
0031 
0038 
003, 
0040 
0041 
",,,42 
00l1] 
00114 
Gl1II4~ 

0046 
Cl}0111 
00118 
004q 

UPPlI!RT.fTN 
SU~ROUTI~! UPPERT (NPRl~T,NREDn) 
COMMON IPOINT/IPTR1,IPTR2,IPTR1,IPTR4,IPTR5,IPTRb,IPTR1,IPTR89 

+ IPTR1~,tPTR11,lPTR12,lPT~13,JpT~14,IPTR15,IPTRI6,lPTRt1,IP1R18 
COM~ON/TRACE/NPROal,NPROG2,NBANO,NPR031,NPROG3,NSUB3 
INr.LUD! -HOR.FTN' 
COMMON/HOR/LNPT,NTT,N8PTC,N8FPTC,NSTR[M,NPT,NS!L!M,NELEM,NODMAX, 
'NONZER,NQO,~ATN,KTVPE,NMAX,NSTtF,NTIM[,NSTORE,NDUM,TITL!(20), 
'DPt,DP2,DP3,OP4,DP5,DP6,DP1,OP89,OPt0,OPtl,DPI2,DPt3,DP14,OPI5, 
.OPt~,OP11,DPta,NTSUR"N!SUR' 
COMMON/UPP!RT/AACZ56),NNCOLC252"NC,MAXCOL,MINRQW,N'AK 
COMto10N/SnOR!1 IPIVOT (68), 10PRO" CTU) , CO!, (168) 
COH~ON/8V8T/A(25,,),NCOL(2'2) 
COMMON/START/LL,MAXWID,NNTIME,IBANO,NNSTOR,NDU,IBANOW(2048), 

+NSTOPP(2048),NSTART(2048) 
COM~ON/8TORE/AST(3840) 
DIMENSION I8T(1~10) 
[QUIVALENC!CAITCt),ISTC1» 
CALL OPR (IPTRt8,0.,NPROGt,6,) 
~SU81 • 40 
CALL OPW tl PTR",e.,NPROG1,6.) 
CALL CPR (I~TRt,~.,LNPT,q0,) 
lOR' 2*NPT+l, 
CALL OPR (IPTRt0,ADR,ISANOW,2048,) 
'DR • 'OIHI, 
CALL OPR (IPTR10,AOR,NSTART,2048,) 
AOR • AOR+8, 
CALL OPR (IPTR10,ADR,NSTOPP,2048,J 
DOU8LE PRECISION A,AA,e,X,C,AAA,Al,SAVf,ZTE8T,DA88 
HSToRE • 0 
NRnd • HI 
Ll MIT. 10000 
I' (NPRINT.EQ,t) LIMIT' 100 
I' (NPRINT.GE,2) LIMIT' 191 
IF (NPRINT,GE,3) LIMIT' 1 
NCOUNT • 0 
LPRINT • III 
NTI~E • III 
nEST • III. 
NMAX)! • 161 
RErr'JR!l • 12. 
NNN • 0'5' 
MAXIIIID • NSTIF 
NOfG • 1 
IF (N~[DO.[Q.0' GO TO 110 
CALL DPR (IPTRI&,IIl.,LL,b150,) 
IF fNPRINT.GE,3) PRINT *, 'IBANnw R!AOf,(I,I~ANDW(I),l.t.NPT) 
N8fr; • LL 
NSTORE • NNSTOR 
"'TIM~ • "'NUME 
ADRS • t~.+NTtM!*REcnRO 
CALL OPR CIPTR15,AnRs,I~IVOT,N"AXM*4,) 
NSLJA3 • 41 
CALL OPW (IPTR1A,0.,NPROG1,&.l 
WRITE (2,*) -RF-AOINGNEWPARAMETERSOON!' 
IF (NREon.EQ.l) GO TO tl~ 
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FORTRAN IV-PLUS V02.'lD PAGE 2 
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110511 NSlIS] • 4a 
III! 1 CALL DPW (IPTR1" •• ,NPROG1,~,) 
011~2 ~REAO • (~PT·l"NROwa+l 
005] 00 t00 I-l,NREAO 
00~4 NlFFT • NPT-(I-l).NROwS 
0055 IF (NLEFT,GT.NROWS) NlEFT • NAOwa 
0e56 ADR - (l-l).~Rowa*]. 
111151 WRITE (2,.) 'I,ADA,NLE'T;,I,AOR,NlEFT 
01" IF (Hl!FT,LE.e) GO TO "I 
0059 CALL OPR (IPTR11,AOR,A.T,768 •• Nle,T) 
006~ tile CALL DPW (IPTR11,AOR,.IT,16a,'Nle"J 
0061 110 00 3'~ lL-NBEG,NPT 
006~ CALL SSWTCM (I,ISWT) 
0063 IF (JSWT.EQ.l) WRITe (I,., • Row',Ll,' LEFT',NPT-lL 
0064 CAll SSWTCM (II,IaWT) 
0065 IF (lawT,NE,l) GO TO 110 
0066 WRITE C2,.' ·CM!C(THfSWITCH"'-ITIS"1".I'ERRORTVPE0; 
006J WRITE (2,.) 'OTMERWIIITYPEtTOITOP' 
0068 AEAn (2,.) IIWT 
0069 IF (IS~T,NE.I) GO TO 120 
001A NNTIME • NTIM! 
0011 NNSTOA • NITDAE 
00J2 CALL ~pw (IPTRt6,."lL,.150,1 
1101] ADAS • 16.+NTIHE.AECORO 
00'4 CALL OPW (IPTA1S,AOAI,IPIVOT,NMAXX.4,) 
00" NSUA] _ 4\ 
0076 CALL DPw (IPTRt8,e.,N,ROGI,6.J 
0017 WRITE (l,.) 'RESTA~T'RAM!Te~'wRITT!NONOI8(' 
~e18 STOP 
0079 12' NC _ qq99 
ABee 00 13. I.l'~'T 
.881 Ie • t8ANDW(I) 
ee8, I' (tC.l!,') GO TO 13 • 
• e8] IF ctC,G!.NCJ GO TO 13' 
0084 MINROW • I 
008, Nt • Ie 
00e~ 130 CONTt~UE 
~0e1 M • MINROw 
0088 AO~ - (M_I).3, 
0089 CALL OPR (IPTAI2.AOR,4A,164.) 
00qll NNCOL(NC.l) • 0 
0A91 At ~ 0.0 
0092 00 14~ J.l,NC 

C AAA • OAeS(AA(J» 
009] AAA • AAS(AA(J» 
0e9. I' (AAA.LT.AI) GO TO 140 
0095 Al _ AAA 
00Q6 IV • J 
00'7 140 CONTINUE 
00q~ MAxrnL - NNCOL(IV) 
0099 x _ AA(IY) 
'1~0 IF (X.NE,0.0) GO TO I" 
010t WRITE (2,.) 'UPT X-0 AT L~',LL,'MINROW',MINRO~,INCOL',(NNCOL(l~), 

+A(J~),rK.l,NC),·MAXCOL',MAxeOL 
01'2 STOP 
010J 150 no tb0 J.l,NC 
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8104 I" AACJ). AA(J)/~ 
'l~' AArtV) • 1.0 
01" NSTnR! • NITOR!+l 
IIAT IPJynT(NSTORE) • " 
~t~a IOPROW(NSTOR!) • M 
8109 COEF(NSTORE) • X 
011a IP (NSTOAE.LT.NMAXX) GO TD lT0 
0111 ADRS • 1'.+NTI~!*R!CORO 
0112 NTJ~! • ~Tl"£.1 
011) NaTnR! - 0 
0114 CALL DPW (lPTR1!,ADRS,IPIYOT,NMAXX*4,' 
01'! 110 ADA. CNPT-LL)*3. 
0116 NPt • NPT-LL 
~IIT CALL OPW (tPTR1!,ADR,AA,T68.' 
0118 LPRJNT - LPRIHT+l 
0119 IF (LPAINT.LT.LIMIT) GO TO l00 
0120 LPAfNT • a 
0121 NCQUNT • NCOUNT+l 
0122 HOR! • NPT-L~ 
012! WRrTE '.,110) LL,"DRE,~'XCOL,NC,",HAXWIO,NTIME,(NNCOL(!J),AA(IJ), 

+IJ·l,NC) 
01i4 ta8 PORMAT (I LL',!',' LI'T',I!,' "AXCOL',I!,' 18ANO',I!,' "tNAOW',I!, 

•• "AXWIOI,I',' NTIM!',I'I,!!(ICt',!11.!)/» 
P12' IP (NcnUNT.LT,10) GO TO 200 
012. CLOSE (UNIT-.) 
012T I~ (NPQINT.N!.a) WRtTE t2,*) 'ROW OPERATID',LL,'ROWS L!'T',MOR!,iN 

+TIME',NTtM! 
0128 NCOUNT • 0 
0129 NR£AO • (NPT-l'/NROwS+l 
0130 DO 190 L~.I,NRfAD 
0t31 An, • (L~.l)*N~OWS*J, 
0132 NLEFT _ NPT.(L~.l)*N~OWS 
01!3 I~ fNL!PT.GT.N~OWS) NL!fT • NROWS 
0134 CALL OPR (IPT~t2,ADR,AST,768,*NLEPT) 
0135 191 CALL OPW (IPTRI7,ADR,AST,7 •••• ~L!F') 
013b NNTt"! • NTIM! 
0131 NNSTOR • NaTOA!_l 
~t]8 IF (NNSTOR,LT,I) PRINT *, , **** NN,TOR NEGATIYE NRfOO-' NOT GOOO' 
0139 C.LL DP~ (IPT~16,e.,LL,6150,) 
0140 AORS - 16.+NTIME*R!CORO 
0141 CALL DP~ (I~TR15,ADRS,1~tYOT,NMA~~*4,' 
010a NSUeJ • 42 
01Q] CALL O'W (!PTRla,0"NPROG1,6.) 
0104 200 tBANO~(M) - ~ 
0145 I~ (LL.EQ,NPT) ;0 TO )90 
0146 LLt - NSTART(MAXCOL) 
1147 LAST. NSTUPP(MAXCOL) 
0118 L • LLt-1 
111q 210 L. L+l 
0150 IF CL.~T.LAST) GO TO 180 
1151 'F (I8ANOW(Ll,EQ.I) GO TO 210 
0152 AOR • Cl-1'*]. 
0153 NLEFT • LAST+l-L 
01'4 IF CNLEFT,GT.NROWSl NLE~T • NROWS 
0155 RWOROS • 168.*NLE~T 
015. L • L-t 
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UPPERT.'T~ ITRI~LOCKS/WA 

C WAIT!(6,.)'~LE'T,RWO.DI,ADR·,Nl!~T,RWORDS,AOR 
0157 CALL aPR (IPTRtZ,AOR,AIT,RWORDS) 
0158 NWAITE I 8 
0159 00 ]1e IAOWII,Nl!'T 
1160 l • l.l 
0161 I • L 
0162 NC I IR&NOWCI) 
8163 I' (NC.~Q.0) GO TO ]70 
0164 I8AS!A I (IROW-l,.]a. 
0165 leiSEN • (IROW-1J.'6a+SIZ 
0166 DO 220 LTll,NC 
0167 NCOl(LT) I ISTtIBAS!N+LT) 
0168 220 A(lT)' AsT(IBAS!A.LT) 
8169 ~cnL(Ne.') • e 
117~ 00 ]4A J a 1,Nt 
017, t, (NCOLCJ)-MAWCOL) 1.1,231,]70 
8172 2S~ NOPROW I I 
011] NWRrTE I t 
01'4 JKOP I t 
017' JKPI I t 
0176 C I -A(J) 
01" NSTnRE I NITOR!.' 
0,78 IPIVOTCNSTORf) • " 
II" IOPROW(NSTORI) I I 
0188 COF.,CNSTORf) I C 
A1BI I' (N8TORE.LT.NH'XX) GO TO 14. 
01la AORS I 16 •• NTIMI.RICORD 
018] NTIM! INTI"!.' 
0t84 N8TOR! I e 
0185 CALL OPW (IPTRIS,ADRI,IPIYOT,NMA ••••• ' 
8186 140 CONTINUE 
liB' I' (NNCOLCJKPI).fQ.0) GO TO ]51 
011a I' (NCOL(JKOP).!Q.I) GO TO as. 
0189 l' (NNCOL(JKPI)-NCOL(JKOP)) 151,21.,]31 
0198 '51 It I IRANDWCI).' 
0191 NeolerI." I 8 
8192 IF (MAWWID.~T.lll MAXWID • II 
01'3 IBANOWCI) • II 
81'4 Ir (MAXwrn.GT.NNN) gO TO 428 
1195 N, a NNCO~(J~pr) 
01" IF (NSTARTCN').GT.IJ N'TA~T(N" I I 
01" I' r~STOPp(N').LT.I) NITOPP(N', I t 
11'8 JKL • JKOP+l 
81'9 261 IX a 11-' 
02~0 &(IIJ • A(IX) 
0281 NCOL(II) • NeOle!X' 
0202 11 I IX 
0203 IF CIX.G!.JKL) GO TO 260 
0214 A(JKOP) a AAeJKPI'.C 
82f5 NCOLCJKOP) • NNCOLeJKPl) 
0206 IX I NeOl(JKOP) 
12P? GO TO 3Z~ 
0208 110 IX I NCOL(JKQP' 
020. y, [tX.EQ.MAXCO~] GO TO 280 
021e X a AACJKPI).C+A(JKOP) 
1211 A(JKOP) • X 
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UPPEAT.'TN IT~IRLOCKS/WA 

0212 

IIJ2S] 
0214 
utS 8". 
0217 
02t8 
0211' 
0U0 
CIIUt 
lUi! 
"'223 
0224 
0225 
022'. 
1!li!21 
"2 1!8 
0229 
CIll3Q1 
0231 
023a 
0233 
02]4 
(112]5 

IIJ2 3" 
0231 
0238 
02n 
0240 
0241 
0242 
0243 
11244 
0245 
0246 
8241 
0248 
PI,49 
0250 
025t 
111252 

'''3 8254 
1112'5 
0256 

0251 

n5l! 
025~ 

AT!!T • A81(X)-ZT!5T 
C ATlST. OABS(X). ITEST 

!~ CATEST,GT.0.) GO TO 12e 
2al I8ANOWtNOPRQW). IBANDW(NOPROW)~t 

tF CIBANOW(NOPROW» 19.,291l,310 
2~e PRINT 440, MINRON,HAXCO~,NOPRDW 

STOP 
181 IX. IBANOW(NOPROW) 

00 JI0 NK.JKOP,IX 
'(NIO • A (NK+1) 

3,1 NCOL(NK). NCDL(NK+l' 
IX • 11(+1 
NCOL (J It) • I 
A (IX) • 0.e 
JKPr • JICPl+t 
GO TD 248 

J20 JKP7. JKP1+1 
3]0 JKOP. JICOP+t 

GO TO 24111 
348 CONTINUE 
350 NC. I~'NDW(I) 

DO ]U Lfel,NC 
t8T(18ASEN+LT) • NCOLeLT) 

,." ASTlISASEA+LT). A(LT) 
lUI CONTINUE 

IF (NWAIT£.EQ.l) CALL OPN (IPTR12,AOR,AaT,1,S.*NL!'T) 
GO TO ZU 

lU CONTINUE 
ne CONTINUE 

. eAlL • NTlM! 
8ALI. • 8ALL*NMAXX+NITORI 
CALL OPW (IPTRt,e.,LNPT,90,) 
I' (NPRINT.GI.Z) WRITE (.,400) 8A~L 

400 FOR~AT (j TOTAL NUMBER OF B aTORI',rte.l) 
I~ CNSTOAE.EQ.0) GO TO .sa 
AORS • 16.+NTIME*RICORO 
CALL O'W (IPTR1~,ADRS,I~IYDT,NMAXX*4.) 

410 IF (NPRINT.G£.t, WRIT! (&,460) HAXWIC 
GO TO 113QJ 

411 PRINT 450, I,LL 
!lTOP 

430 Nsu"l. 4 
CALL D'W (I~TRt8,0.,NPROG1,6.) 
IF (NPRINT.NE.0) WRIT! (l,*, 'UPPEA TAl ANGLE DECOMPOSITION DONE' 
Aa:TURN 

440 FORMAT (tZ0("'l/5X,'MATRIX SINGULAR'I,5X,'HINROW',I5,' HAxeOL',IS 
+,' NOPROW',IS' PROGRAM ITOPPEO'I,tZ0(i")/I) 

450 FORMAT (lI5,'O!M!N OF A , NeOL AND AssocrATEO PARAMETERS EXCEEDEO' +, 
460 'O~MAT c# MAxwrO',110) 

P:NO 

PROGAAM SECTIONS 

NAME SIlE ATTRI8UTES 
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UPPERT.FTN ITA,SLOCKS/WIt 

ICODEI ,eu" 1118 RW,J, CO,., LCL 
IPDATA IIJU5l111 t64 Rw,D,CON,LCL 
IIDATA 1IJ00nO 21l1f1 RW,D,CON,LCL 
lyAAS 0011 I 64 '8 AW,O,CON,LCL 
lUMPS UI!l020 8 AW,D,CON,LCL 
POINT QleQlQl42 11 RW,O,OV,.,GI!IL 
TIUCE UII14 II R", D, OYR, GIll. 
HOA 1110111274 '10 RW,O,DYR,GBI. 
UPP!RT ete!01!l1lJ 7118 RW,D,DY",GBI. 
BSTOA! Vll4000 3,,12 "W,O,OYR,GBL 
SUT 0ei!170 764 RW,D,DYR,GBI. 
SHAT neeS4 61'50 R\II,D,OYR,GBL 
STORE 03U0fl ulle RW,O,OYR,GffL 

TOTAL SPACE ALLOCATED - 1211172 2AU! 

,LPI·UPPr.RT 

FOATRAN IY-PLUS Y~2-!lD PAGE 1 
MAEAo8.rTN ITAIALOCKS/WA 

0001 SU~RnUTINE MREADB (NPf,NPAINT) 
'IPla CO~MON IPQINT/JPTRI,IPTR',IPTR3,IPTR4,IPTR5,IPTRII,IPTR1,IPT,,89 

+ IPTAt A ,JPTR11,lPTAI2,JPTRI3,lPTR14,JPTRS5,IPTR16,IPTRI1,IPT"18 
0003 COMMON/TAACE/NPROG1,NPAOG2,NI!IANO.NPR03I,NPROG3,NSUB3 
001114 DIMENSION NCOL(128),A(118) 
0005 DO 100 1-I,NPT 
000. AOR - 1.2.1 
0007 CALL OpR (IPTRI0,AOR,NCOL,384.) 
0008 AOR 8 fl-l) •• , 
e009 CALL OPW CIPTRI2,ADR,A,a!6,) 
0010 ADA _ AOA+O, 
0011 tel CALL "P\II (IPTRI2,ADR,NCOL,lal., 
00J2 NSUB3 8 1 
eP!13 CAL~ DPW (IPT~t8,1.,N'ROGI,6,) 

0014 I' (NP~INT.NI,e) WRIT! [2,*) 'MRrAO SUBROUTINE COMPLETED' 
001! RETURN 
01t6 !ND 

PROGRAIiI nCnONS 

NAME liZ! ATTAUUTU 

ICODEI 'eli!' S1 IIW,I,COt4,LCI. 
SPDATA "'''!!I0U 24 RW,O,CON,LtL 
-IDAH 1800051'1 i!IIJ RW,O,CON,L,CL 
SVAAI 101416 387 RW,O,eON,L.CI. 
IT!"PS 11!I0i102 I AII,O,CON,LCI. 
POINT 1!1181l042 17 "W,O,OVR,GBL 
TRACE .... '4 • RW,D,OVIt,1JB1. 

TDTAL. SPACE ALLOCAun 8 0IlU74 '4. 
,LP,8MAUoa 
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UP!RTB.'TN ITRI~LOC~S/WR 

"01111 
""~2 
Uti] 
fllIJU 
0085 * 

00~'" 
eelllT 
0f1U 
0001' 

0010 
IIJIIJ11 
o lit 2 
~013 
0014 
1IJ0t'5 
'Ull ,. 
0fl11 
~1/J18 
0flU 
111020 
"Ut 
i1IU2 

0U] 
0024 
00P5 
nib 
0U1 
0028 
002CJ 
"'03111 
003l 
"'I/I~i! 
"flH 
0034 
~03'5 
0213e, 
W'l037 

0038 
003'J 
0040) 
01041 
0042 
011143 
01044 
0.,45 
011146 

* • 
* 

c 

e 

UPERTa.I"TN 
SUAROUTIN! UPERT8 (NPRI~T,~REDO) 
COMMON IPOINT/IPTRt,IPTRi,tPTR],tPTR4,tPTR5,IPTR6,IPTRT,IPTR89 

+ tPTRt~,IPTR11,IPTR12,IPTR1],IPTR14,IPTR1S,IPTR1',I~TRI?,IPTRll 
COHMON/TRACf/NPAOQ1,~PROG2,N8AND,NPROSt,NPROG],NSU8] 
INCLUOE 'HDR.'TN' 
COMHON/HDR/~NPT,NTT,N8PTC,N8'PTC,NSTRfM,NPT,NS!~!M,N!L!H,NOOMAX, 

.NDNIER,NQD,MATN,KTYPI,NHAX,NSTtP,NTIHI,NSTORI,NDUM,TITLaC2!), 
'OP1,DP2,OP1,DP4,DPS,DP6,OP1,OPS9,OP10,DPll,DPI2,DP1],OPI4,DPI5, 
.DP16,OP1',OP18,NTSUR',N!SUR' 

COHMON/UPP£RT/AA(2S6"NNCOL(25,),NC,HAXCOL,HINROW,NFAK 
COHHO~/8STOR!/lprYOT(T6e),IOPRDwrT'I),CO!'(T68) 
COMMON/SYST/A(512),NCOL(512) 
COMMON/START/LL,MAXwIO,NNTIME,IBAND,NNSTOR,NDU,18ANDW(2048), 
+NSTOPP(2~48),NSTART('048) 
COMMDN/STORE/AIT(]e?2) 
01MENStO~ I,T(6144) 
EQUTVALENCE(ASTC1),IST(I)' 
CALL DPR (IPTR18,0.,NPROG1,6.) 
NSI"U • 41!1 
CALL OPW (IPTRSS,0"NPROGt,6.) 
CALL DPR (lPTRt,0"LNPT,".) 
ADR • 2*NPT+l. 
CALL OPR (IPTR11,ADR,IIANDW"I48.) 
AO~ • ADA.8. 
CALL OPR (!PTRI0,ADR,NSTART,,048.) 
AOR • AOR+I, 
CALL opp (IPTAI0,ADA,NSTOPP,2148,) 
DOUAlE PRECISIDN A,AA,8,.,C,AAA,Al,SAV[,ZTE8T,DA8S 
NSTO"! • e 
NPOWS • 4 
LIMyT • tUn 
r~ (NPRINT.!Q.tl LIMIT • l~e 
I' (NPRINT.GE.2) LI~tT • 10 
rF (NpQINT.GE.3) LIHIT • t 
NCOiJNT • e 
LPRrNT • 01 
NUM!: • 0 
ITF.ST • Ill. 
NMAX)( • 1&8 
RECORD • 12. 
NNN • 513 
MA)(wtD • NST1F 
Nee!; • t 

c.-------------------------.-.. -.-.-.------·------------------.. -._.----C T~E BACK uP IS NOT USEO TO 'ILEQ SPACE 

e-·-··----~--·--~----··-··--···-··-·----·--·----·----·.-.-.. -.-.---~--.-DO 3CJ0 LL.NBEG,N'T 
CALL 89WTC M (l,laWT) 
I' tIS WT.EQ.l) wRITE (2,*1 ' Row',LL.' LE'T',NPT-LL 
NC • 99911 
00 1]0 I e l,NPT 
IC • IfUNOIol(t) 

IF (JC.LE.~) GO TO 130 
IF (IC.GE.NC) GO TO 130 
MINROW II I 
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UP!AT8,~TN /TAI~~OCkS/WR 

ee" NC I Ie 
ee.. 131 CONTINU~ 
0e49 J, (NC.L!,I!I) GO TO 140 
ee!e WAITE (Z,.) 'NC;,NC,'LL',LL,'~THAN I'Z ~ROGRAM STOPPED' 
ee51 WRITE r.,.) 'NC',NC,'LL',LL,'.THAN 'S' PROGRAM ITOPPEO' 
ee52 STO~ 
0853 141 M I MJNROW 
~e54 AOR I (M_,) •• , 
e0!! CALL OPR (I~TRt2,ADR,AA,'14.) 
e05~ CALL OPR (IPTRI2,ADA+4,NNCOL,I!e,) 
0'!1 N~tOL(NC+I) I I 
ee!. At • 0,0 
e0S' DO ,!0 JI"NC 

C AAA • OABI(AACJ) 
ee.e AAA • ABSCAA(J" 
Ae~, I' CAAA.~T.Al) GO TO I" 
e"2 Al I AAA 
0e.3 IY • J 
ee., 15a CONTINU~ 
.I'! MAxeOL • NNCDL(!Y) 
ee.. x e AA(IY) 
0ft6' r, CX.NE.I,I) GO TO 16e 
0'68 WRJT! (2,.) 'UPTX.IATLL',LL,'MINROW',MIHROW,'NCOL',(NHCOL(IK),AA(! 

+K),JKel,NC),'MAXCOL',MAXCOL 
01" ITOP 
e01~ 1.. DO 110 Je"NC 
e07t 17e AA(J) I AA(J)/X 
0072 AACIV) • 1.0 
0073 NITOR! I NITOR!t, 
001' IPIVOT(NSTOA!) • M 
e,,! rOPROW(NSTOR!) • M 
017. tO~'(NSTORE) • X 
0071 !, (NSTORE.LT,NMAXX, GO TO leI 
1018 AORS • 16,+NTJHEIR!COAD 
e.,. NTIM! • NTIMEtl 
00e~ NITOR! I 0 
0081 CAlL OPW (JPTRl!,AORI,IPIYOT,NMAXXI4.) 
0082 tal AOQ. (N'T.LL)*J. 
0083 NPJ • NPT-LL 
00~4 CALL OPW (X"Rll,ADR,AA,16a,) 
00&5 LPRINT • LPRINT.I 
~Ie. I' tlPRI~T.LT.lIMITJ GO TO 210 
~087 LPRtNT • I 
0088 NCOUNT • NCOUNT+l 
leA. MORE • NPT-LL 
0090 WRIT! [6,191) LL,HOR!,HAXCOL,~C,H,MAXWID,NTIHE,(NNCOL(JJ),AA(IJ),1 

.Jet,NC' 
009t ,.0 FORMAT c· LL',!5,' L!"',15,' HAXCOLt,I',' lSANO',rS,' MtNROW',15, 

+' MAWWID',IS,' NTIM!',I5/,1IC8(15,!10,2)/)) 
0092 I' (NC~UNT.LT.t0' GO TO a00 
0e93 C~OSE (UNITe') 
01" IF CNPRINT,NE.~) WRITE (a,*' 'RO~ OPERATEO',LL,'ROWS L!FT',MORE,'N 

+TIME',NTIME,'SAND',NC 
00.! NCOUNT • 0 
009. ~NTrME • NTIME 
0191 NNSTOR • N8TUR!_t 
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UPF.~TA.FTN ITRI~1.0CKS/lolR 

00CJa IF (~~STOR.LT.~' PRINT *, - **** NNSTOR NEGA TI YE NREDO.~ NOT GOOD' 
0099 CALL OPW (IPTRt~,~.,LI.,&15~.1 
01"0 AORS • l~.+NTIME*R!CORO 

"'11/11 CALL O-W (IPTH1S.'~RS,lPIYOT,NM'W.*4.) 
0lf'2 NSUA! • 42 
01"3 CALL OPW (lPTR18,0.,NPROG1,6.) 
"1"4 10QJ tAANI)W 011 • iii 
0112'5 IF (LL.~~.NPT) GO TO 390 
0U" LLI • NSTARTCMAXCOl) 
fIIlf1 LA~T • NSTOPP(M'WCDL) 
010~ I. • Ut-' 
~11J19 ;'110 I. • L+' 
0110 IF (I •• GT .LAST) GO TO 38Ql 
011 t IF (IAANOW(L),EQ.~) GO TO 21111 
-01l2 At)R • (1..11 *~. 
U13 NLEFT • LUT+l"l. 
IIISl4 IF (NLEFT,GT.NROWS) NI.E'T • NROwS 
0115 RWOROS • 153&.*NI.E'T 
01l~ L • L-t 
0111 CALI. OPR (IPTR12,ADR,AST,RWORDS) 
"118 NWRtTf • 0 
0119 00 310 IROWal,NL!FT 
01;'1I'J I. • l+t 
0121 I • I. 
1IJl2l NC • I~A"'DW(l' 
01i'] IF (NC.EA,GI) GO TO 3?0 
01i?4 l~ASEA • (IROW-i,*?68 
Gl125 I8ASF-N • (IROW-l)*153&+1024 
IIIU& 00 U0 LTal,Ne 
01n NCOlCLT) • rlTCI8A8!N+lT) 
tlt128 In AflT) • ASTeI8ASEA+LT) 
Qlln NCOL(NC+I) a 0 
0130 00 340 Jal,NC 
0131 IF (Ncnl(J)-HAXCOL) ]40,23111, J71 
"132 230 NOPRnw • I 

..... 111133 NWRtfE • 1 
0134 Jl(np • I 
0135 JICPT • 1 
0136 C • -ACJ) 
"131 NSToRE • NSTDRE+! 
0138 IPIVOT(NSTDRE) a ~ 
013q IOPROW(NSTORE) • I 
1111110 COEF(NSTOR!) • C 
1141 IF CNSTORE.LT.NMAXX, GO TO 21Ul 
0S42 lORS • l~,+NTIME*RECORO 
e14] NflME • NUM!+l 
01 44 NUORE • " 
111145 CALL OPW (lPTRI5,AOR8,Ipr~OT,NMAXX*4.) 

0146 141 CONTINUE 
01111 IF (NNCOL(JI(PI).!Q,01 GO TO 350 
01 11 11 IF (NCOLCJI(OP),EQ,I) GO TO 25P 
014IJ IF (NNCOL(JI(PI1-NCOL(JKOP») 2511J,~111J.33~ 
01'51 250 II • 18ANDW(I)+1 
01'51 NCOLCIr+t) a 0 
el'52 IF (MAXWID.L.T. I n MAWwIO • II 
015] TRUIO", r 1) • II 
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FORT~AN IV-PLUS v~2~'ln 
UP!RTB.'TN ITRIALOCKS/WR 

01'4 IF CMA~wtO.GT.NNN) GO TO 420 
0155 N9 • NNC"L(J~PI) 
0156 IF CNSTA~TCNq).GT.I) N'TART(N9, • I 
0151 IF (~STOPP(Nq).LT.I) N.TOPP(N9) • I 
AI'S JKL • J~"P+l 
0159 260 IX. Ir-l 
016~ A(lf) • A(IK) 
0161 NeOL(II) • NCOL(r.) 
0162 II • IX 
0163 IF rlx.r.E.JKL) GO TO 260 
0164 ACJkOP) • AA(JKP!)tC 
~165 NCOLCJ-OP) • NNCOL(JKPI) 
01~6 IX • NCOL(JKO~' 
0161 GO TO 320 
01~8 2r' IX. Nr.O~(JKOP) 
0169 r, (rX.E~.MlXCOL) gO TO aSI 
0110 X • lA(JkPI).C+A(JKOP) 
0111 AeJkOP) • X 
0172 ATEST • ASS(X).ZTEIT 

C AT EST • DA~S(X)· ZTEST 
0173 IF (AT£8T.GT.I.) ;0 TO 521 
0174 280 IRAND~(NOPROW). 18ANDW(N~ROW).1 
0115 IF (J8lNOwCNOPROW) a9.,.'.,300 
0116 290 PRTNT 440, MINROW,HAXCOL,NOPROW 
0117 STOP 
0118 300 rx. 18ANOWtNOP~OW) 
0119 DO 310 NK.JKOP,IX 
0180 A(NK' • leNK+l) 
0181 310 NCOL(NK). NCDL(NK+S) 
0182 IX • Iw+t 
018] NCOlCIX) • 0 
~184 A(tx) • ~.0 
A185 JkPI • JKPI+l 
0186 00 TO 24~ 
0181 320 JKPI. JKP!+l 
0188 330 JKOP. JWOP+l 
~18q 00 TO 248 
0190 340 CONTINUE 
11'1 350 NC. IaANOWCI) 
019Z DO]~0 LT.l,NC 
0\93 IITC18'8~N+LT) • NCOLeLT) 
0194 360 AIT(18AS[l+LT). AeLT) 
Ilq! 3ye CDNTINUE 
0196 IF (NW~IT!.EQ.t) CALL D~W Cl~TRll"OA,AST,1!J6 •• NLEFT) 
0tqr GO TO llA 
0198 380 CONTINUE 
019' 390 CONTINUE 
02~0 8ALL • NT!M£ 
1201 8ALL • elLLtNMAXX+NITOA! 
0202 CALL OPw (IPTAt,A.,LNPT,90.) 
020] IF (NPRINT.GI.2) WAIT! (6,000) BALL 
02'4 40e 'OR~AT Co TOTAL NUMBER OF ~ srORE-,Ftl.e' 
020! IF CNSTOAE.EQ.0) GO TO 410 
0206 lORS • 16.+NTIME.R!CORO 
0207 CALL OP~ (IPTRt5,AOAS,IPIYOT,NMAXkt •• ) 
0208 4t0 IF (NPRINT.GE.t) WRIT! (6,46A) HAXWID 
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'ORTRAN IY-PLUS V~2.51n PAG! 5 
UPERTA.FTH ITRI8LOCKS/~R 

020' ao TO 430 
0210 42. PRINT 450, I,LL 
0211 WRlTE l2,450) t,LL 
0212 STOP 
'21] 4]8 NSUA! e 4 
8214 CALL O~W (IPTRt8,0.,NPROG1,6.) 
821S t, (N~RINT.NE.0' WRITE (2,*' 'UPPER TRIANGLE DECOMPOSITION DONE' 
02t6 R!TURN 
821? 440 FORMAT (1~At"')/5W,;MATRIX SINGULAR'I,5X,'MINROW',19,' MAXCOL',I5 

+,~ NOPROW',I" PROGRAM ITOPPEO'I,120("']II) 
8218 45' FORMAT (' ROW OP!RATEO',I4,' ROWS OONE',I4,' A AND NCOL DIMENSION 

+EWCE!OEO ******** PROGRAM STOPPED DUE TO ABOVE') 
'2" 463 'ORMAT (' "AWWIO',Il11 
12P.0 ENO 

PROGR,,,, SECTIONS 

NAMI' SIZE ATTRUUTES 

SCOOEI III 0 '!UI/I 1484 RIIi,I,CON,LCL. 
IPOATA Ql00H2 tt3 FfW,O,CON,LCL. 
SlOAT' 00111104 216 RW,O,CON,LCL 
IVA"S 11'01160 56 RW,O,CON,LCL 
lTEMPS 880020 8 IUof,D,CON,LCL 
POINT 1/00011i 17 RW,O,OVR,IJItL 
TRACF.: Gl01.11114 fI Rw,D,OYR,GI!L 
HOR 18"U4 '4 Ihl,O,OVR,GIL 
UPPERT 003000 768 RW,D,OIlR,GI5L 
ISTOR! 0140P10 311'12 RW,O,QYlt,G8L 
SVSf "060"'1'1 t ~u., "1II,O,OVI1,OBI. 
ST'RT 1!I]1IJ014 6150 Ihl, D, 0'1", GBI. 
STORE nleC'l0 61 4 4 RW,O,OYR,GBL 

TOTAL SPACe: ALLOCATED e S 14664 lq674 

,LP.eUP!:RT8 
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'O~TRAN IV.PLUS v~Z.!lD PlG! 1 
BVAlUE.rTN ITRIALnCKS/WR 

C 8VlLUE.,TN 
eeml SUBROUTINE 8VAlU! (IT,NQWCP,NQ,N8FPTC,NSTREM,NHlX,NPT,NPRINT,NELEH 

+,NSELEM,NST[OY,LNPT,N8PTC,NH80NO) 
C·.·····-.····-~.·······.-······4 .... -.••........ -.. -.•... ~. 
C B VAlUES ARE [STtMATEO 
c.·····-.-·----.-----············-···-·~·-·-···-····-·.-.. -.-.-.•.. -.. ~~ 

0a~2 COMMON IPOINT/IPTR1,tPTR2,IPTR1,IPTR4,JPTR!,IPTR6,IPTR7,IPTR89 , 
+ IPTR10,IPTRll,IPTR1Z,IPTRI3,IPTRI4,JPTR1!,lPTR16,IPTRl7,IPTR18 

~e01 COMMON/1RAC!/NPROGI,NPROGI,N8AND,NPR03I,NPROG3,NSUB3 
lee4 COMMON/!lEMlT/NN,NE,MM,NH!AO,AREl,SUMQW,NOO(20),ZY(21),XIOL!M(2'), 

• XtJCO~(20),CIC20,21),pPIJ(le,2a) 
eee, COMMON I~XYZI XK(!0),YKC!.),ZK(!I) 
ee~6 OIMENSION BIVF(128),STREAMC126"NFLUXC768),LENGTH(?68',ILIY(?6&), 

+NOnA'(128),Z(2'6),B('~48),H£lOC2S6),8IV('6a),BIyp('6a), 
+to£NT('68),NOO!(2048),SUMQ(2'61),Q(1'8),HEADO(21),NOD8(168) 

0a~7 EQUIVALENCE (L!NGTH,NOOB),(ELEV,BIV),(SUMQ,Z),(Q,8IVP) 
0e~8 CALL DPR (I~TRls,e.,N~ROG1,~.) 
e00q CALL OPR (IPTR1,17.,NQOE,le48., 
est0 CALL OPR (IPTRI,te.,IOENT,768.) 
0111 CALL CPR (IPTR',9"N'LUX,?61.) 
0012 CALL CPR (IPTR7,26.,Nooe',128.) 
0e13 CALL nPR (lPTR7,l7.,BIV',2!6,) 
0014 CALL DPR (IPTR,,0.,~ODB"68.' 
0015 I' (NST[OY.NE.0) GO TO 108 
0816 CALL OPR (IPTR7,!.,BIV,768,) 
0017 GO TO til 

c·······------.······--··············--······-··-----·-•••.•.•.•••.•.. -~ 
C SINC[ SI~ULATION 'OR CHANGE IS DO~E SIV IS READ ONLY 
e IF TH~RE IS VARIABLE HELD B.C. 
c····--··.-····························.··········-··· .•..••.•.••••..... 

lal8 lee IF (NHAONO.EQ,0) GO TO 120 
0019 WOROS • N8PTC*2. 
0~2~ IF (IT.EQ.l) CALL OPR (lPTR7,3 •• BIVP,wOROS) 
0a'l IF (Ir.GT,I) CALL DPR (IPTR"tIT-')*6.+1821.,BIYP,WOROS) 
e02' CALL OPR (IPTR5,(IT.l)*6.+1B21.,BIV,WOR08) 
0023 no t10 1.1.NBPTC 
ea24 SIV(I) • BIY(I)-SIVP(I) 
0025 110 eIVP(I). 0, 
0026 120 IF (NPRINT.LT,!) GO TO 130 
0027 WRIT! (6,.' 'NOD81NBVALUE',NBPTC,CNOD8(1),BIVCI),I.I,NBPTC) 
ee28 W~IT! (6,*) 'NB,PTC;,NBFPTC,(NODB'(I),8IY'(11,r."NB'PTC) 
ee29 130 NRH~. 0 
0a30 NMAWH • 256 
08]1 AORH • 2~. 
0e3a CALL OPR (IPTRS9,AORH,H!lD,!ti.) 
lal) GO TO (170,140,150), NQ 
01]4 '40 AOR. 14~1. 
1035 00 TO t6R 
1036 I" lOR. CIT"I)*6 •• '401. 
0131 16e CALL OPR (IPTR5,AD~,g,I!]b.) 
0038 l~ (NPRINT.GE,I) PRI~' 490, (I,Q(I),I.I,N8!l~") 
0039 17' GO TO (219,181,190), NQ~tP 
0041 Ise AOR. I. 
0e4l GU TO ~0~ 
0042 Iq0 ADR. (IT-l)*'~.+I. 
0041 l00 CALL OPR (lPTR~,AOR,SUMQ,5120.) 

9-64 



.... 

... 

... 

FORTRAN IY-PLUS V02-510 uueUI'5 
8V'LUE.FTN ITRIALOCKS/WR 

1111/144 
0045 
0046 
011)41 
0048 

"04. 
e1!1591 
Be51 
0952 
'053 
111/154 
0055 
1105, 
811157 
111058 
0"59 

0860 

""1 011162 
IIIGJU 
0864 
0065 
0066 

'''@IT 111068 
1110"9 
0eTA 
8071 
09'1'2 
1113 
lUlU 
0075 

110" 01'1'7 
007'8 
111019 

111080 
0081 
010112 
0083 
I0A4 
0e85 
0!'l16 

c······ ......... ····.· .. ··.······.···········.---.··· ........... ~ ...... -
C START OF fL!ME~T LOOP 
c~··---.--.---.-.· .. -.-.·-·-······-·-······-···-·--···._ .. -_._ .. -...... . 
211 00 330 IX.l,NEL[H 

lOR - tIlI-1)*7. 
CALL DPR (I~TR",.D",NN,1748.' 
I' (SUMQW.NE.III.e.ANO.NPRINT.Nt.I' PRINT *, 'NE',NE,;SUHg~',SUMOW 
IF (NST[OV.Eg.0) GO TO 240 

c··------.~-.·-.~···.· •• ·-····-·.······-.·-·-·---·----~-.•.. -.••.•..•. -. 
C FOR TRANSIENT CASE THE ASSOCIATED HEAD VALUES AR! REAO 'ROM DISK c··-·--·--.-.. --P ......... -...... -.~ ...... --.......... --........ ~ ...... ~ 

00 t.lJ0 I-l,NN 
I( • ~DO (I) 
NRH - (M.')/NHA.~ 
t, tN~H.~Q.NRHH) GO TO 220 
AOR" • 20.+NRH*2. 
CAll OPR (IPTRS9,ADRH,HEAD,512., 
NRHH • NRH 

228 1(1( _ M-NRH*NHAXH 
HEADO(r) - HfAD(I(K) 

13111 CONTINU! 
'01 r, (NHEAO.fQ.I) GO TO IS0 
c····----.····.~··-·.· •••• ··.······.-..••.•... -.-.-••.•...••••.•...••.• _ 
C !LE~ENT HAS HELD POTENTIAL NOD!S c··-·····.··.----·· •. · •••• ··••·•· .••.•.••..... · ...........•...•••. -••..• 

DO 270 I-l,NN 
NRQ - NO"(I) 
00 ~"" k.l,NBPTC 
I(K a NOD8(K) 
I' (NRQ.N!.KK) GO TO 260 
"IV!) • 8IV 00 
tHIl - BlVD 
00 250 M.l,NN 

'50 ZyeH) _ ZV(M).CttM,I)*8IYD 
GO TO 27ta 

'till CONTINUE 
In CotlTlNlJf 
280 00 3'0 I_\,NN 

I( _ NOO(!) 

00 2ctl!! J-l,NPT 
IF tl(.NE.NOD£(J)' GO TO 190 
GO TO 30111 

U0 CONTlNIJE 
(;0. TO ]70 

31'10 PIJ _ 0.'" 
r. •• --.--__ •• _._._ •••••••••••••••• ~ ••••• ~._ ••• _.-_._. ___ • __ • __ •••••• _._~_ 
C TRANSlfNT CAS! • TEAMS ASSOCIATED WITH PREVIOUS TIME STEPS 
C CAl.rULATEO ANO BROUG~T ON RIGMT M.O SIDE 
c····--· .... ---.···.----.--.• ·.··--·--.. ---.... ------.. -.. -.. -._._._ .. -. 

Ir rNSTfOv.EQ.~) GO TO 320 
DO 310 Lat,NN 
'lJ a PIJ+PPIJCI,L)*HEADO(Ll 
IV(I) - ZV(I)+PIJ 
tr (NE.GT.999) GO TO 3l~ 
IF [NQ.EQ.l) GO TO 510 
IV(r) • IV(I)+Q(Nf'*KIOLEMCI) 
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FORTAAN tV-PLUS v~2-~10 PAG! ] 
8VALUE,FTN ITRI8LOCK8/WR 

lin 
0088 
0"'9 
ern0 

'''' IIIn2 
009] 
CIIn4 
0095 
1111" 
1111119, 
1IIfJ98 
0n, 
11110111 
11tH 
'U2 
01P1] 
0104 
"'1 Ill,! 
0Ulft 
01"" 
0UR 
111 10 If 
0110 
0tll 
uta 
It13 
ell4 
I!Il 15 
011. 
0111 
lilli'S 
el19 
eull.! 
eUI 
0122 
tllln 
1124 
IUl'! 
0121) 
01n 
uu 
1I1ilf 
0130 
el3t 
Pl13a 
0133 
0134 
eus 
eUft 
IIIU1 
lIua 
IIIU. 
e14111 
01 4 t 
IIIt42 

19111 

401 
4U' 
428 

45. 

GO TO f340,]!!III,]!I1I), NQWC' 
IF (SUMQW.[Q,0,0) 00 TO ]1)0 
IV(!) - ZV(I)-SUMQWiWIJCOS(I) 
GO TO lblll 
Ivrt) _ IV(I).SUMQ(IW)iMIJC08CIJ 
8(J) a B(J).ZVCll 
CONTI NUl! 
IF (NPRINT,GE.a,ANO,IW.LT.6) PAINT t, ~zy ',(I,ZY(ll,l-t,NN) 
eONTINUE 
tF (NPRINT.GE.2) WRrT! ,.,t) '8 "TER [LEMAT' 
IF (NPRtNT.GE.!) WAIT! (',4SII, (B(I),I-t,NPT) 
IF CNS'PTC.!Q,I) GO TO 421 
00 410 lat,NSFPTC 
K a NOnBF(1l 
00 Hili Jal,NPT 
IF (K,£Q.NOOI(J)) GO TO 401 
CONTt~UE 
GO TO 4101 
8(J) a B(J).8IVFCI) 
CONTINUE 
IF (NaTR!M.!Q.') GO TO 4" 
CAll OPA (IPTA2,0.,WK,J •• ,' 
CALL DPA Cl'TRT,tl.,L!NGTH,T",) 
CALL OP~ CIPTRT,lS.,!L!V,tSJ'.' 
CALL DPR (IPTAS.,II.,HIAD,'ll,) 
CALL OPR CIPTA],,,.,,Z,512.' 
NMM a 8 
00 4U hl,LNpT 
IF (NFLUX(I).EQ.IIJ) GO TO 4'0 
J • lO~NT(l) 
00 430 !(at,NPT 
I' (NOn!(K).EQ.J) GO TO .48 
CONTINUE 
GO TO 46111 
"1M a (J.lJ/NM~1C 
IF (NM.EQ.N~~) GO TO 4'0 
NMM a NI1 
~OR • NMt2, 
CALL OPR (JPTA8.,AOR+ZI.,H!AD,5t2,) 
CALL OPA (IPT~1,lDA+60.,Z,!12.) 
M • J-NI'4."II1U 
HEAO(M) • HElO(M) 
IF (HEAD(H).L!.!L!ycr» GO TO 468 
g, a L!NGTH(I).ZK(t)*(H!AO(M).!LIVtl)/(!LEV(I).Z(M) 
IF (Q'.LE.0,') GO TO 4" 
IF (NPRINT,GE,I) WRITt (6,!11) I,H!AO(M),ELEVC!),g',LENGTH(!) 
8(1C) - B(K)-gl' 
CONTINUE. 
CALL OPW (IPTA15,1.,B,4096,) 
I' (NPAINT.GE.I) WAIT! (6,511) ("(I),r-I,NPT) 
HSlI"! • S 
CALL OPW (IPTR18,0.,NPROG1,6.) 
I' (NPAINT.NE.I) WAITE (2,i) '8 F.ST1MATIO"l DON!' 
R(TIJRN 
FORMAT (12E10.!) 
FORMAT (8(14,GI0.]» 
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FORTRAN tV-PLUS v~2.'tn 16110105 PAGE 4 
8VALU!.~TN ITRI8LOCKS/WR 

1143 500 FORMAT (' NODf',I,,'HI40.',F11,2,; £LEV •• -,'10,2,; g,.;,F10,2,' L 
+ENGTH',U) 

0144 510 'ORMAT (; 8 VALUES AFTER 'LUX CONDITIONS CONSIDERED'I,12Iel!!10,31 
+11) 

8145 ENO 

PROGIUI1 SECTIONS 

NAME SIZE ATTRIBUTES 

SCOOEt U47U 1253 Rw,I,CON,LCL 
'POUI 1191216 9' Ifw,o,eON,LCL -. Ilona 1808544 118 'hl,D,COl'4,L,CL 
SYAQS 105512 17853 Rw,O,CON,LCL 
STEMP S ""Ui'! If RW,D,CON,LCL 
POINT 1!10V1042 11 Rw,O,OVR,GBL 
TRACE 111"'0014 (, RW,D,OV",G8L 
ELEMAT GJIIJ66!1IJ HOI "1o/,O,OI/R,GSL 
KICYZ "till 130 3"1 RW,O,OVR,GlJL, 

TOTAL SPACE ALLOCATEI) • IUUIt 2U!9 

,LP.-eVALuE 
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~ORTRAN tV-'LUS VP2.510 UIll141 PAGE 1 
8ACKSU.rTN JTRI8LOCKS/~_ 

0111111 
01112 

lell 
11101114 
e.e'5 .. 

* 
* 
* nee. 

00C1t7 
00"'8 
",,,c, 
001111 
111011 
111012 
'IIU 
0014 
011llS 
RIII'e. 
Ben 
Iflt8 
0"'19 
102~ 

0111!?! 
0912 
1023 
01324 
011'<''5 
0026 
00n 
"~28 
"0~CJ 
9030 
""!I 
IU2 
0033 
e134 

llUS 
011136 
09H 
(111338 
011139 
1111114~ 
004t 
(11042 
01143 
Clt044 
0M'5 
004~ 

1'1"'47 
00118 
0",IIQ 

C !UCICSU.'Ttoi 
SU~ROUTINE aAC~SU CN'RINT) 
COHMON I POINT/IPTR1,IPTRi,IPTRJ,I'TR4,JPTRS,JPTR.,I,TR1,IPTRI9 

+ IPTR1I,YPTRll,JPTR11,IPTR1J,IPTR14,IPTRIS,IPTR'6,IPTRI1,IPTRll 
COMMON/TRACE/NPROG1,NPROGI,NBAND,NPROJI,NPROGJ,NSUBJ 
INCLUDE ·HOR.FTN~ 
COHMON/HOR/LNPT,NTT,NBPTC,NB'PTC,NSTR!M,NPT,NSELEM,NELEM,NODMAX, 
'NONZER,NQO,MATtoI,~TYP!,toIHA.,NSTI"NTtM!,N'TOR!,NDUM.TITLt(21), 
'OPI,nPl,OP3,OP4,DP!,DP.,DP1,DPS9,DPI0,DPII,DP12,DPIJ,DPI4,DPl!, 
'OPt6,DPt7,OPlI,NT'UR',NIIUR' 

COHMON/UPPERT/AA(2S."NNCOLCZ5a),NC,MAXCOL,HINRDW,N,AKI 
COHMONJ8STORE/IPIVDTC1.1),IOPROWC'.S),CO"C168) 
DIH(NSION a(204I"BA(2141) 
CALL OP~ (IPT~tl,."NPROG1,6,J 
RHUII a 168. 
"Er.nAO ali'. 
CAll OPR (lPTRt,I"LNPT,91.) 
CALL OPR (lPTR1S,I"8,40c,b,, 
RAlL a NflM! 
~AlL a BALL*RMA.X.NSTOR! 
IF (NPqlNT.GT,tJ ~RIT! (6,*' , B ALL IN BACKSU',8ALL,'NS·,NSTORE, 

+~T' ,NTlME 
I' (NPRINT.GE.2) WRITE (b,*, , B ReAO IN 8AC~SU8',(8[I"Ial,NPT) 
REAnn a AM A 1111 
NTYJ1" a NTIHE+l 
ou ta~ ITllat,NTlH! 
Al1nQ! a 6ALL.(lTII.1)*R~AII. 
IF (AMORf.GT.RHAVX) AMOAE a RHAIIII 
AOR a tb.+(ITX-l)*RECORO 
CALL OPR (IPTRtS,AOR,tPIVOT,RMAXX*4.) 
00 tl~ INat,AMORF. 
H a IPIVOT(IN) 
"'''' a I"PIlOW lIN) 
tF (M.eQ.MI1) GO TO lR9 
8(HI1) a A(MMJ.~(I1'*COEF(IN' 
1;0 TO tl QI 

100 ~CM) a K(Ml/COE'CIN) 
, 10 CON T1 NUE 
1<!1IJ COtHIN'JE 

I' (NPQINT.Gf.~' WRIT! (b,*' '8 A,T!R "'~RA. IN 8ACIC',(8(I"X a t,N, 
+TJ . 

no ,'5~ Iat,NPT 
AOR a {I-I).'. 
II a NPT+I-I 
CALL OPR (lPT~t3,AOR,AA,7~R.) 
A8 • h(MTNNOW) 
DO t4~ Ja"NC 
NN • NNCI1L(J) 
tF (NN.E~.MA.C"L) GU TO tl~ 
88 a 8R-RA(NN)*AA(J) 
r;n Tr'I '''~ 

t3~ IJ. J 
140 r:(HHINUE 

RAPHltCOl) " f\A 
1501 un! n NIJ~. 

c: A I I I) p,~ (1 p r ~ , 'i , VI. , ~ A , IHI q ~ • ) 
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~ORTRAN tV-PLUS V~2-~ln UilI/JI41 PAGE 2 
9ACKSU.FTN ITRI8LOCKS/wR 

'''''5 f/J C110"il 
IF CNPR1NT.EQ.2) WRITE (~,.J '8 AFTER 8ACKSUB',(Blll,1-l,NPTJ 
NSIJ1'I3 _ 6 

005C! 
011J53 
0054 
00'13 

PRllGR P' 

NAME 

SCOnEt 
spnll A 
UIlA T, 
SVARS 
lITEMPS 
POINT 
TRACE 
HOR 
UPPERT 
"STORE 

CALL UPW (IPTR18,CII.,NPROG1,6.J 
IF (NPRtNT.NE.0) wRITE (i,.) 'BACK sue COlliE' 
~ETIIRN 

FNn 

iIIECTI(JNS 

StH 'TTqI~UTeS 

",~u.~QI 45" RW,r,CON,LCL 
91~"')1i1 " " Rw,Il,CON,LCL 
1/I'1I~~14 30 Rio! ,'l, CON d .. CL 
Dl4D1~'"!,, 1!~15 Ih.,rJ,CO"l,LCL 
0~~t'lte /I Ih.,O,CON,LCL.. 
"H10Ml 11 RW,I),O~R,G"L 
OIl/1a~11l f.I RW,O,OYR,r;IH. 
'1104'1214 <14 Rw,O,QYR,GRL,. 
QlI1I3""'''' 71.8 Rw,n,QVR,Gf31. 
"'14~"'~ 39'12 R ... ,O,OYR,GRL 

TOTAL SPACE ALLOr4H.n _ i1Jb1544 U1;t2 

,!'p.-SACI(SU 
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FORT~AN IV~PLUS v~I.51~ PAIi! 1 
HWRtTE.fTN IT~IA~OC~S/~R 

001111 
0001 

9003 
"'lQl4 
1111'" • 

• • .. 
001'!6 
00~1 • 

• 
1lJ1Il08 
11I0f1ca 
"lUI 
00tt 
00'2 
0013 
0014 
00t5 
00U 
pe11 
0018 
0019 
0020 
0011 
111022 
00U 
0124 
00i'5 
0026 
8011 
9028 
01!l2ca 
01ll:JPI 
lIIe31 
"0~i! 
0033 
IIt034 
1111135 
111036 
01131 
0038 
Gl03ca 
0041 
0041 
0042 
0043 
0044 
lIIe4'J 
0046 
0047 
0048 
004 ca 
0050 

C .tI •• HWRfTf.FTN 
SUA~OUTINE ~wRIT! (NPRI~T,IT,NOIG,D!~TAT,NCON5,TTIM!,NWRIT!,NSI1' 
CO~~QN IPoINT/IPTR1,IPTR2,IPTR3,IPTR4,IPTR5,IPTR6,IPTR1,IPTA89 

• IPTAllll,tpTRll,IPTRI2,IPTRI3,IPTRI4,IPTRI5,IPTRlb,IPTRI1,IPTRIS 
COMMON/TRACE/NPROG1,NPROG2,N8ANO,NPROJI,NPROG3,NSU83 
INCLUO~ '~OR.'TN; 
COM~ON/HnR/LNPT,NTT,NRPTC,N8'PTC,NSTAEM,NPT,NS!L!H,N!LEM,NOOMAX, 
'NONZEA,N~n,MATN,KTYPE,NMAK,N5TIF,NTIME,NSTOA[,NOUH,TITL!(20), 
'OPl,np~,OP3,OP4,np5,DP~,OP1,OPS9,OPI0,OPll,OP12,OPIJ,OPI4,OPI5, 
*OP\6,OPI1,OPI8,NTSUA',NESUR' 
IN~LUDf -P]l.,TN· 
COHMON/P11/NST!OY,ITOTAL,NQWCP,NQ,MNTRY,ITT,NHBONO,N'0UH,TT(?I), 
'O!TAtLf2~) 

COMMON IPRINT/NUR(2,I~l4) 
~J~EN5tON NOUE(2~4e],NVMBER(2'60),Z(2560"H!AD(2'60"A(2e4') 
fcwtVALENCE (NnoE( I), NUG (l,t)) 
eAlL OPR (IPTRI8,1.,NP~OQI,6.) 
CALL OPR (IPTRI,0.,LNPT,9~.) 
CALL DPR (lPTR1,1"NU~8fR,2S60.) 
CALL OPR (lPTRI,t1.,~OOE,2048.) 
CALL OPR (IPTR3,0.,Z,5120.) 
CALL OPR (lPTRt5,a.,A,40~6.' 
I~ (NSTfnY.N£.0) GO TO 110 
IF (NP~lNT.GT.0) NPP • 1 
CALL OPR (IPTRI4,0"HEAD,NTT*l.) 
00 It'10 hl,NPT 

10e HEAOCNOO!(I»). A(I) 
CALL OP~ (JPTRt4,ll.,HEAO,NTT tl 2,' 
IF (NPP.N!.IIJ) wlflT! (6,2n) 
GO TO UIlI 

ttl' NPP. 1'1 
IF f NPQINT.N!,0.ANO,NW RIT!.EQ.t, fIIPP • I 
CALL nPR (IPTR~9,20.,~fAD,5120.] 
00 t 20 hi, NPT 
I( • IHlOE (Il 

121 HfAn(K). A(I)+HfAO(K, 
r.ALL OPw (IPTR8~,20.,H!AO,5t~0.) 
I' (NWRITE.EQ.l) CALL OPW (IPTRI4,JT.20"HEAD,5120,l 
IF (NWRITE.EQ.l.AND.NCONS,!Q.l) IT • IT.' 
I~ (NPP,EQ.q) GO TO 221 
IF" (NSTEOV.!Q.0) GO Tu t]~ 
WAtT! (&,240) IT,TTIME,O!LTAT 
WRITE f2,.) 'TtM!8TEP',lT,'!LAPS!OTIME~,TTIME 

130 ~D 14 0 I.l,~~Q8 
t40 NunElI). 0 

NSN • I!I 
no t50 hl,NTT 
N • mJM81!R (I) 
rF (N.LT.10~1!I) NSf\! • NSN+l 
IF (N.LT.liIJ~0) NUGCI,NSN) • I 

15A Nur.t2,NS~). NUGt2,NSN)+1 
WRITE (fI,lSi') ,TITL.E,nETAIL 
~PAG • t~'N/4 
IA~M • N!N-NPAr.*4 
IF (rRFH.GT.~) NPAG • NP'G+I 
PRI~tT iHC1i 

9-70 



FO~TRAN tv.PLUS V~l·51" tlJIlIU55 PAGE 2 
HWRrTE.fTN ITRI~~OC~S/wR 

0051 N~tNES • tq 
00~l no ~t~ JPAG.S,NPAG 
005] JS • (IPAG-ll.4+1 
0054 tNUM • 4 
0055 IF (ru~M.GT.0.~Nn,IPAG.!Q.NPAG) tNUM • lRfM 
~056 IMW • MAW(NUG(~,rS"NU~(l,IS+l),NUG(2,tS+2),NUGC2,IS+3)) 
~051 IF rNLrNFS.I~X.L!.5') GO TO 110 
00~8 NLINfS • 14 
~059 IF rrPAG.Nf.l' PRINT 160 
0060 t60 FORM~T ('HI) 
0061 PRINT l5~, TITLE, DETAIL 
0~~l PRINT P10 
00~3 110 r.ONTJNUf 
0064 NLr~ES • NLINFS+tMX+2 
00&~ 00 2A~ J.1,IMW 
0~~b 00 t80 t.l,INUM 
00~1 ISPAr. • 1+(1-1'.33 
006R ISS. NUG(i,JS-l+I) 
00&q IF (J.~T.I8S' GO TO tR0 
0010 INO •• NUG(l,IS-l+I)+J·l 
e011 PRTNT 2&~, NUMAER(INnX),ZCINDX),H!AD(INOX) 
00'1'2 S 80 CONTI NilE 
0013 PRINT tq0 
0074 1'0 FOP~AT (tH 
0015 200 CONTINUE 
007& PAtNT ~7~ 
0011 210 CONTJtJIIF.: 
0018 IF rN S1EOy.EY.0) GO TO 220 
00H 220 NSllR3. 7 
~~80 CALL OP~ (IPfRt8,0.,NPAOG1,6.) 
O",111 RETIIQN 
~082 230 FOqMAT (IH111,1~w,'STEAOY STATE SOLUTION',II) 
~083 240 FORHAT (llilll,t~~,'RESULTS OF HEAD ESTIMATION AT TIME STEP~,I4,· 

+ELAPSE~ TIME',G12.4,' OElTAT.',G12,411) 
0'10'184 l~~ FORHAT (1ISX,20A4,1110X,20A4111l8C··'),llf5,'NOOE',T12,·OEPTH',T25 

+,'HF.AO·T38,·NODE',T45,'O!PTH"T'8,·H~'OfT11,;NOOf·,T18,'O!PTH',T91 
+,'HEAooTI04,'NODE',Tlll,'OEPTH-,TI24,'HEAO'11128('-#) II) 

008~ 260 FO~~AT (IH+,clSP'C~M,IX,15,\X,Gll.4,IX,Fll.cNOIG») 
0036 ?1~ FO~~AT l/) 
B0117 F,Nn 

PROGRAM SECTIONS 

NAME SIZE ATTlf18UTES 

ICOOFt I1'02?4/t "iQ'5 'hI, I,CO~,LCl. 
IPIlA TA ~QI"'tHb 31 RIo/, I), CI)~,LCL 

SIOAU 0fd0b34 ?""b AI<j,Il,CON,LCL. 
SVARS 102040 H,Qt2 Rw,O,CO~,LCl 

HEMPS ~00Y110 4 RIo/,O,CO~,LCL 

POH~T 0~At442 17 Rw,O,aVR,GAl 
TRACE 000014 " RIII,O,OVR,GFlL 
HOR 000214 ca4 RW,O,aVR,GRL 
P31 Gjlljlll';'10 PHI RW,I),OVR,GRl 
PRJNT QlH'I000 ;»91411 Rw,o,aV~,G8L 

PORTIUN IV-Pl,US v",?-'un 16110155 t3-SEP .. 19 PAGE J 
HWRITE.trTN IT'H elOCKS/WR 

TOTAL SPACE A~LUCATED • 116412 ael~l 
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9.6 OTHER SUPPORTIVE PROGRAMS, PROGRAM LISTINGS 

FORTRAN IV-PLUS v~2.~10 1611111~ PAG! 1 
PLOT!L.FTN ITRIALOCKS/WR 

C PLOTfL.FTN 
c·--------·---····---··-···-···-······-~-----·----··-· .. -... --..... ----. 
C ~AtN T~ PLOT THE NOO!8,!LE~!N'S,LOGS, ANO HEAD 

c·----·---·---------·--·~.·-·-··--····-··--·----·-·--·--.-.. -.. ~.--.-.--lees RVT£ INUUT(1~8) 
00~1 OIMENstON WT(168),TITLE(16),VO(2),XQ(I),FILE(1) 
000) wRIT! (2,.) 'H!An TO 9£ PLOTTED (I.VES,0 a NO) ,NPRtNT' 
00'4 REAn (2,.) NHEAo,NPRINT 
00" IF (NHEAO.EQ.1J CALL HReAO (WT,ZMAX,B'S!,TITLE,NPRINT,INOUT) 
00~6 WAITE (2,.) 'ENTER PLOTTING OEVIC! 0aTG laXV 2aOISK' 
A0a1 REAO (2,.> JOEv 
0008 IF (tOF.Y.EG.0) CALL ASNLUN (),'TG',0,ISTAT) 
00~' IF (IOEY.Ey.t) CALL ASNLUN (3,'XV',0,ISrAT) 
0010 IF (tO~V.NE.i) GO TO 100 
0011 CALL ASNLUN (3,'OP',0,IITAT) 
0012 WAtT! (2,.) 'ENTER PLOT FILE NAME' 
0013 REAO (~,tt0) FYLE 
0014 N a ICHR(FILE) 
0015 OPEN (lJNtTa3,NAM!.FI~E,TYPE.'NEW',FO~~.'UNFORMATTEO') 
~91~ t0~ CALL PLOTS (0.,0.,3) 
0011 CALL LINES (.,t,t,a,Xo,YD) 
001S CALL NUMRER (~,VP,SZNOO,A~,0.0,.t) 
0019 CALL SV~BOL (X'Y',.11,15,I.A,-t) 
0~20 CALL PLMAIN (NHEAO,WT,NPRINT,INOUT) 
~021 STOP 
~~~2 110 FOP~AT (20A4) 
A0~3 END 

PROGNAM SECTIONS 

NAM! aIlE ATTRIBUTES 

SeOU!1 .0044~ 144 Rw,I,CON,LCL 
SPDATA 00~22~ " ~w,O,CON,LCL 

SlOAT A '0.~12 ~9 RW,O,CON,LCL 
IYAAS 001btb t9ql RW,D,CON,LCL 

TOTAL SPACE ALLnr.ATE~ a 0101t~ 22T' 

NO ~PP INSTRUCTIONS GENERATED 

,LPI.PLOTEL 
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FORTRAN lY.J'LII!J Yt";I-C;lll IitaltIJ9 PAfir 1 
PLMAtN.FTN IT~t~LnC~5/wR 

0151'11 

tl0P'2 
"'Nn 

'" 011111 

I'lIlJAS 
009'6 
9001 
001118 
001'19 
iliA'" 

Q1011 
0012 
0013 
0014 
0015 

0016 
"011 
0018 
1'1019 

PLMA J~j.FTN 
!JU(\POllTtrJf: PLiU 111/ (NI4E AD, t'BO,NPRINT, l~lnU'Tl 

r.~.-•• - •• ~-.-----.-~-•• -.---.-•• - •• -.--.-----•• ----.----•••• - •••• - ••••• ~ 
~ TO PAUVJ~~ Mt~~IS TO CHECK CORRFCTNFSS Of III/PUT DATA USED IN THREE-
r OH'FNST()/UL FORMIILJlTJON OF LARGE MltL 1 TLAYf:r.>EIl GROUND wATrR SYSTEM 
C THIS PIIUr.PAM J~ OEVELnl't;l) TO PLUT 
r: 
( t. NODF lUCATION8 
C 2. TWO olMEN~lnNAL SURFACE ELEMENT 
C 3. VF~TJCAL LOGS AT EACH NnD~. DUTTED PART Of THE LOG REPRESENTS 
C LnCATIUN OF ~EO IN 8E4. 
~ VARIOUS HVUROLonIC lINtTS FNCOUNTERED ARE MARK~O 8V HORIZONTAL 
r TTC~ MAQK ANO INTEGER VALUE!J RETwEEN TJCK MARK~ IS THE 
r lOENTJFICATJON NUHRER OF THE MATERIAL. 

c.· .. ----.•. ---.·· •.•••...•• •· •. -.·-.••.• --·.· •.•• ----.• -.---_.------... 

C 

~YTE INOUT('681,TITL~ 
nJ~ENSJON XX(768),VY(J68"NODlt6"JN(t~"MJXNOO(IJ),ZZO(20), 
+wMJn(5~01,VMID(5~~),NAME(500',HCC(?),LL(20),ZZ(20),YO(2),A(2), 
+ CVNC~N(~0),FILE(1"XD(2),~EAD(7~8),LIST(400),LOGST(400) 
~EAL NTN~3?,Nl!llEA 

COM~ON 18QXI XMIN,YMI~I,XMAX,VMAX,SF,LOGS,ISO,ZH4X,FACTZ,TITLE(80) 
W~ITE (2,.) -PLOTCONTQULFILE' 
~EAn (2,6Q0) FILE 
!II a rcHR(FIL~) 

OPOI (Il~Jl T -4, !II A filE .F lL!, TV PE. a' ULI) -, RE AOO~IL V] 
READ (4,&Q0) FNAME 

c·-------.----··_--·_·_-_···--··-----·_·-····--·_-·_·--......... ---... --
C TH'~ FJLf IS TME SAME A3 USED FO~ 3-0 FINITe ELEMENT SOLUTION 
c-----------····--···------··--····----·-------··---·-... -~-.--.---.-.--

REAO (4,6Q0) FILE 
!II • rCHRCFIL!) 
OPEN (UNrT a5,NAMEaFIL!,TVPEa'OLD',READONLV) 
R!An (4,690) SIZ!S 
R~AD (4,.) ~OEX,NEL!MP,NnEL,SZ!llon,SZFLE,KELEM 

c--···_-··-·-----·_--·_·-·_·------·-----_···_·-·_··_·-.--.---_ .. --------
C FlCTOR a CONVf~StON FACTOR IN A~"ITION TO ".'CONV· FOR W- AND Y. 
e CQOROtNAT!S. 
C FAtTl a CONVEqsrON FACTOR TN AOOITION TO "leONV" FOR VERTICAL 
C CQOQOINATE8. 
C FACTOR AND FACTZ SHOULD B~ ASSIGNEO TO FIT THE PLOTTING! o~ 
C AvaIlABlE OEVICES. 
c N~L,MP • FLAG FO~ PLOTTING THt ELEMFNTS 
r _ ~ NO ELE~ENTS ARE PLnTTED.PROVIDED FOR CHECKING ONLY NOD~ 

C LOCATIONS OR TO DEVELOP THF. ~LEMENTS. 
Cal PLOTS THE SURFACE FlE~EN'S. 
C LOG~ a FLAG FOR PLOTTING THE VERTICAL LOGS. 
C - ~ NO LOGS ARE PLOTTfO( MAY AE USEO FO~ CHECKING ELEM~NTS 
C ONLY). 
C a I PLOTS veRT1C Al LOG!J. c ______ ._ •••• ___ -. _____ • _____________ • ___________________________ •• _._.~ 

REA~ (4,b~~) FlCT 
READ (0,*) F1cTUA,XKMIN,VYMIN 
~EAn (~,~9~) DLOGS 
REAIl (0,'0~) LnG!J,MSL,lSO,ISgU,FACTZ,ZMINUS,P!~,YIIP,LAVEP~ 
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FO~TRlN rV·PLUS V02-~lO PAGE 2 
PL~ATN.~TN ITRI~LOCkS/~Q 

0P.e I~~ FOR~AT [~I5,4~t~,3,t5) 
~0al IF CYUP,EQ.~) VUP • t,5 
00~2 REln (O,~~~J FP~~S 
r1ll2! A~ln (4,.) NPF.Nl,NPEN~,NPfN3 

0024 ~EAO (4,b~~) su~n 
0r25 REA" (4,15~) LSURO,N8fGM,NTOTAL,NOLOGS 
002& IF CLsuan.EQ.0) ~o TO 130 
0021 IF (NTnT&L.EQ,0) GO TO '10 
~028 REAn (a,.) (LI~TrI),I.l,NTOTAL) 
0029 tl~ 1F (NSEGM.fQ.~) GO TO 150 
003~ no t?~ 1.I,NSer.~ 
00'1 READ (G,*' NSTART,NSTOP,INC 
'032 00 12~ J.N$'ART,NSTOP,lNC 
0033 NTOTAL • NTOTAL+' 
0034 1?0 LIST{NTOTAL) a J 
00J5 130 y, (NnlU~s,EQ.~) GO TO 1&~ 
003(' REAO (4,(,90) OIlM~V 
(!Ii!I31 ~E A 0 (4,.) NSEGM, NNL0r,S 
003R IF (NNLOGS,N~.0) REAO (4,., (LOGST{l),J.l,NNLOGS) 
0039 IF fNSEGM,EQ,0) GO TO 'b0 
00G~ 00 150 ral,NSEGM 
00GI REAO (4,., NSTART,NSTOP,INC 
0042 00 140 JaNSTlRT,NSTOP,INC 
0f43 NNLOGS a NNLOGS+t 
0044 140 LOGST(NNLOGSJ. J 
0045 150 CONTlNUf. 
00G~ t~0 SZLOG. SZNOO.~.5 
0041 FACTV • FACTOR 
~04e IF CtSO,E~,0) GO TO l1a 
004~ IF (P3~.~Q.0,P' P!0 • 3,la/~, 
0050 COSPJ0 • C08(PJ0) 
0051 SJNP3r. a SrN(P30) 
0052 IF (ISQU,EQ.l) FACTY a 'ACTQR.YUP 
0~5! 11~ 'IV~@ a 5,/8. 
0054 CALL N'WP~N (NPEN2J 
00~5 NINF.J2 • q./!Z, 
005. X~IN a 10~~0. 
0e51 VMIN a 100~0. 
005~ RfAO (S,&A5) TITLE 
005~ REAn (5,100) N1ELEV,KTVPE,PERCON,XVCONV,ZCONV,HCONV,NSEA 
006~ I' (NPRINT.NE,"') PAINT 100, NZELEV,KTyPE,PERr.ON,XVCONV,ZCONV,HCONV 

+,NS~A 

006' l' (WVCO NV,EQ,0,) XVCQNV • I. 
00U 180 Rf.ln (5,110) NSEC 
0063 TF (NP~INT,NE.0) PRINT "~, NSEC 
0064 IF rN3EC,NE,0J GO TO 19~ 
006~ REAn (5,13~) DUMMY 
0066 GO TO lR~ 
00&1 '90 AEAn (~,720) NSfC,K,~,V,ATT,8~O,NRR,LMlX,(LL(J),lZ(J),J.I,LMAX) 
0068 IF (NP~JNT.N£,0) PRINT 1~0. ~SEC,k,.,Y,WT'.BEO,NRB,LHAX,(LL(J),lZ( 

+J) ,J.l.L~4k) 
0069 IFrN1ELeV.E~.I)Gn TO IqA 
0010 ISUM • ~,~ 
0011 DO tqZ J • 2,LMAX 
0012 lSUM • ZSUM - ll(J-t' 
0013 I~? llrJ) a l~UM 
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.... 

FO-,RAN IV-PLUS V~2-'ln llllUl4~ 

PL~AIN.~T~ ITRIALOCKS/wR 

0014 

"""5 0016 
un 
0018 
007ct 
0010 
0Ul 
8M2 
0Q.18] 
r/lf/!84 
0085 
111118~ 
0081 
00~1I 

0089 
0090 
0091 
0092 
0093 
Q1QJU 
e0'~ 
11109f> 
0091 
~f1ICl8 
IIlIn 
0U0 
011l1t 
0102 
01V1S 
0!fIO 
0lPJ5 
"'U~ 
01U 
liH~HI 

e109 
0"", 
etll 
!(lIla 
rl'1l1 
0114 
1I1t5 
1116 
0111 
01SS 
01lct 
elU 
"'121 
011a 
01 P3 
1124 
IIIU5 

lZfI) - I:II.~ 
198 l~ (NSEC.NE.0) Gn To 35~ 

I~ (MTY Pf.EQ.2) READ (5,131:11) (CONCEN(J),J-I,LMAX) 
IF (LSUBO.[Q.0) r.O TO 230 
IF CLsueD.GT." GO TO 210 
00 20' l-l,NTOTAL 
IF C(.EQ.LIST(I)] GO TO 191:11 

UI:II CONT rNIlE 
GO TO HPI 

~10 00 ~2'" I-l,NTOTAL 
IF (K.F.~.LIST(t» GO TO 230 

niJI CONTINUE 
1';0 TO 19" 

230 IF (NPRINT.NE.~) PRINf *, 'NOVE',~ 
CALL NFWPEN (NP!N2) 
IF (LOGS.EQ.0) G" TO 270 
LY!S - I 
IF [NNLOGS.EQ.I:II) GO TO Z50 
ou ~40 1-1,hNLOGS 
IF (~.NE.LOGST(l» GO TO 240 
LV~S - , 
en TO 171:11 

2110 CONTINUE 
lSI I'(MSL.EQ.~)GO TO 258 

no ~52 J - 2 , LMAX 
2~2 lZOCJ) - Zl(J) " ZZ(J-t) 

ZlO(t) • 0.0 
lZ(t) - "".1Il 
00 ~S4 J - 2,LMAW 

?~4 ZZ(J). ZZO(JJ*'ACTZ+ZZtJ-l) 
GO TO 2701 

,,8 00 2b0 J.l,LMAX 
~b~ ZZfJ) - (ZltJ)-ZMINUS)*FACTZ*ZCONV 
210 IF (NPRINT.Nf.~) PRINT 280, K,.,Y,LMAX,(LLeJ),ZZ(J),J-l,LMAX) 
l8~ FO~~Af (' K',I4,' .',G10.3,' y·,r.10.~,; LHAX',I3,'LL+IZ',/10(15,F7 

+.1 )] 
x - (x-xx~IN)*XYCONV*'ACTOA 
Y _ (Y-VYHIN)*XYCONV*FACTY 
I' (~Pql~T.NE.0) WRITE (Z,*, 'K,.,Y',~,X,y 
IF rlSo.EO.0,OA.tSO.!Q,2) GO 10 29~ 
x- COSP3~*tl(·Y) 
v • SINP30*(X+Y) 

~90 NTT - ~rT+l 
U(I() - II 
YY(I() - v 
YF (lIMAX.LT,.) X~AlI •• 
IF (Y~AX.LT.') YMAX - Y 
IF (XMtN.GT.lC) XMIN • X 
IF (YMTN.GT.Y) YMIN • Y 
IF (LOeS.EQ,~.OR.LY!S.fQ,0) GU TO 330 
CALL PLOT (XX(K),YV(K),l) 
IF (lZ(1,.eQ.~.0) GO TO 3a0 
YD(~) • Yv(K)+IZtl) c--------__ ._._. ______ .. __ .. ·· ____ ._· ________________ .---.--------------. 

c rNCLun~ OPTIUN FOR SLANrIN~ LOGS 
c---_··_·.-·----····-····----····-·-··----·_·------------.--------------
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FORTRAN IV-PLUS V02-51~ 11141149 PAGE 4 
'LM_IN,fTN ITR'~~OCKS/wR 

0t26 VOtt) • Vy(~) 
0111 XOCt) • XX(K) 
01'8 WDf?l • XX(K) 
0129 CALL LIN!S (l,l,t,2,xO,VO) 
0130 IF (Zzrl',;r,0,0) C_LL ~~OT (XXC~1.YY((1,3) 
t131 ~~~ vorl). YV(Kl+IZtLM,.) 
8132 CALL PLOT (xX(K),YO(I),2) 
'135 X • XKfKl 
'134 Y • YY(K) 
'135 XP • x+,~55 
'11. ZOt~ • (ZZ(I)-ZZ(L"AX» 
8157 r~ (lMAX.LT.zot~) IMAX • lOI' 
'138 00 1?0 Lat,LM&. 
0139 LK • LMAX+l·L 
0140 VP • Y+ZZ(L~) 
0141 CALL SYMBOL (X,YP,,~1,15,a.~,·I) 
01 42 I~ (LK,N~,11 GO TO 310 
0143 tF (NOfX,EQ,0) G~ TO 32a 
0144 x • X+,1 
0145 &L a K 
014b IF (llfLM_X).r.T,~,0) yp • Y 
0t4T CALL NUM~ER (.,YP,8Z~OO,AL,0.0,.I) 
0148 GO TO ]20 
0t49 310 IF fLAVE~'.fQ.~' GO TO 520 
el~0 LJ • LL(LK)/100 
015t aLJ a LJ 
8152 yp • YP.0.5*(ZZ(LK).ZZ(L~-\» 
'1~5 CALL NUMAER (XP,YP,SILO&,ALJ,0.0,-t, 
8154 120 CONTINUE 
0155 GO TO 190 
'l!& 5]0 I. xXrKl 
0157 Y • YYfKl 
0t58 IF (NO~X.E~.0,ANn.NHEAD.EQ,~, no TO 190 
~159 call SYMROL (X,V,.I7,1,J.0,-I) 
0t~~ IF r~D~X.EQ.~) G~ To 340 
0161 Al • K 
~t&a x • X+,"5 
01 fl3 CALI,. Nt) MAE to! (X, y , SZ NOn, A l , 0,1:'1 , -11 
0164 34~ IF tN~E'O.EQ,~, GO TO 190 
01b5 IF ftNOUT(K),EQ,0) GO TO 191:'1 
1:'116b AL • H£AO(K) 
0167 12 • X+SZNQO*] 
0168 rF fNO!~.EQ,0' Xl • I~(K) 
01b9 Y a YVCK) 
0170 CALL NF.~PEN (NPEN]) 
0111 CALL NUM~ER (Xa,Y,8ZNOO,AL,0,0,tl 
e'72 GO TO 190 
It1] ]50 r, (NELEMP.EQ.0) GO TO 680 
0114 J60 REAn (5,11~) N~F.C 
GIl n IF (NSEC.EQ.~) GO TO JU 
111& IF (NSFC,EQ,3,OR.~S!C.EQ,4) GO Tn 3b0 
0177 IF rNSEC.E~.6) GO TO 680 
0178 00 ~6~ IE.t,1~~~0 
1179 CALL NewPEN (NP~Nt) 
0te~ x • 0.~ 
0181 Y • 0.1:'1 
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I!I1U 
IUU 
'184 
0185 
01e& 
0l~' 
rat ee 
fJln 
0lIJ'lI 
0191 
0192 
0193 
0194 
0195 
lin" 
0197 
0198 
01.9 
U!II0 
0iH" 1 
021112 
0211)] 
021114 
11215 
QI~0t. 
02011 
III i! IIJ8 
0209 
0219 
(lI~tt 

0ZU 
02U 
0i!t4 
11215 
UI6 
111217 
112l1J 
0i't9 
02U 
0221 
fJi??'2 
022] 
02i!~ 
0225 
0226 
0227 
0228 
0229 
0i3~ 

0231 
0232 
0233 
0234 
0235 
023& 
0i?H 

31H'I 

420 
430 

IJ50 

1.170 

IJlI0 

Il'HI 

DO 310 J.l,U 
NOr)(J) - 0 
REAn (,,740) NSEr.,NE,Nl,NN,(NOD(J),J-l,NN) 
IF (NpQrNT,NE.0) P~lNT 740, NSEC,NE,Nl,NN,(NODeJ),J-l,NN) 
IF CNS!C.NE.0) GO TO ,70 
IF rNl.t~.I/)) R~.n (5,75~) CMIXNOr)CJ),J-l,O) 
IF (~F.lEM.EQ.l' ~EAO (5,380) X~,VK,ZK,SC 
FOR~_T (8F10.111) 
I~ (LSU8n.~Q.0) GO TO 430 
00 4Zl1J 1-1,"1"1 
JJ • Nouru 
t~ (LSUB~.GT.0) GO TO 40~ 
00 3'0 J.t,~rOT.~ 
IF fJJ.EQ.LlST{J)) GO TO ""0 
CONTIII/IlE 
GO TO 1.1211) 
00 ijt0 J-l,NTOT_L 
IF (JJ.EQ.LtST(J) GO TO 420 
CONTlNUl 
GO TI] 6&0 
CONTINUE J _ 1 

IN(J) • 11/00(0 
IF (Nr)I](.) .EQ,III) GO TO 4413 

J • J+t 
IN(J} • "100(9) 
IF (NOQ(S).EQ.0) GO TU 45~ 

J • J+t 
TN fJ) • NOD (5) 
IF rNO~(10).EQ.~1 GO TO 4'~ 
J • J+t 
IN(J) • NOO(10) 
J • J+l 
INC.!) • NOO(2) 
IF (Non(lS).EQ,0) GO TO 47~ 
J • J+t 
[N(J) • "100(15) 
IF CNOO(~).EQ.0) GO TO 483 
J • J+l 
INU) • "lOO(8) 
IF (NOO(1&).E~.0' GO TO 49~ 
J • J+t 
INU) • NllO(h) 
J • J+t 
tNfJ) • /JOU(3) 
IF (NO"Cti!J .~0.1."" GU TU '5001 
J • J+t 
I>.JfJ) • NOI)(liD 
I~ [Non(~).EQ.~) GO TO 51~ 
J _ J+t 
PJ(J) • NOIl(b) 
IF rNOI')CttJ.EQ.01 GO 1U '5201 
.J • J+t 
tNfj) _ NOI)(t\) 

J • J., 
1N(1) " "101)(4) 
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023e t~ CNOn(14).EQ.~) GQ TO 530 
'239 J • J+l 
0249 tNCJ) • NOO(14) 
0241 530 IF (NOOe7).!Y.~' GO TO 50~ 
020a J • J+l 
0243 INCJ] • NUO(7) 
0104 540 IF eNoott3).EQ.0] GO TO 55~ 
0245 J • J+l 
020' INtJI • NOOel)) 
~241 550 LlST. J 
0248 J • INCL&!T) 
020q C-LL PLOT (XX(J),YY(J),J) 
0250 00 56~ l.t,LAST 
0251 J • INCI) 
e2sa C-LL PLOT (XX(J],YY(J),2) 
025] 5~0 CONTINU! 
0254 IF (NOEL,EQ.0, GO TO "0 
0255 X • 0.0 
025, Y • O,0 
02S7 00 65~ l.l,~N 
0258 ~ • NOn(!) 
I?59 " (~.!~.0) GO TO '5~ 
026. " (I.G1.4) GO TO &20 
0261 8ET& • 0.0 
02'2 M~M • Nl 
02~3 I' (Nl.NE.0) GO TO 510 
0264 MeonE • MIXNOOCI) 
0265 MCee!) • MCOOE/100 
026& MeC(2) • MCOO!/10.MCCC1,.&R 
0261 ~70 00 610 LT.t,2 
02~8 IF (Nl.EQ.0) MMM • MCC(LT) 
0a69 GO TO C5~0,590,600], MMM 
0270 580 RETA. eETA+~,5 
0211 GO TO 6t~ 
0212 5q0 BETA. HErA-e.5 
011) GO TO ~1~ 
0214 ~00 8ETA. ~ETA-FlvEe 
8215 ~t0 CO~TINUE 
121~ FACT. 8£T&*0.25 
0211 GO TO ~4~ 
0i78 b20 IF (I.Gl.S) GO Tn ~J0 
0219 'ACT. 0.5 
0280 GO TO &40 
0281 &3m 'ACT. NJNE32 
0282 &40 IF (K.LE.0.0R.K.r.T.&0~) PRINT •• 'k·,K,If,r~OO(J),J.l,NN) 
0283 x •• +.XCKJ.FlCT 
02eo Y • V+YY(KJ.FACT 
1285 ~50 CONTTNU~ 
0i8b CALL ~EwPEN (NPEN]) 
ei81 AJ • ~f 
0288 _ • ~-.l~ 

0289 JF (NE.GT.~) ••• ·.~5 
~iqA IF (NE.GT.180) X •• -.075 
0291 CALL NUM~E~ (w,Y,S7ELE,AJ,0.0,-ll 
1292 66~ eONTINuE 
029] &10 NEl~M. IE-I 

9-78 



FO_TqAN tV-PLUS V~2-51~ 11141149 PAGE ., 
Pl~AIN.FTN ITRIALOC~8'WP 

82'4 rF (NPRINT.NE.~' P~INT *, NeLE~,'TOTAL ELEMENTS' 
0295 ~80 CALL NEWP!N (NPEN2) 
0296 S~ • FACTOR 
0291 CALL OUTRell 
02'8 CALL PLOTNO 
02'9 STnp 
']~, ~8S FOQMAT (80Al) 
0101 ~'0 FnRMAT (l0A4) 
1302 1~0 FORMAT (~15,4'11.~,I5) 
a10! 710 FORMAT (It) 
03.4 121 'ORMAT (ll,14,4Ft8,2,315./5(6(,e.I,15)/)' 
0305 73~ FORMAT (1.'5,~1 
1316 740 'ORMAT (rl,14,1515/1615) 
0307 750 FORMAT ('.15) 
a3ea ENn 

PROr,Jhfo1 ~ECTtONS 

NAM! SIZe ATTAI8LJT F.S 

SCO!)EI ~12e36 2"i75 RW,I,COfll,I.CL 
'P(\A fA (,1Q11111'!16 55 RH,O,CO/ll,LCI. 
ItOHA 1II\l0551!! 180 RH,O,CUN,LCI. 
,VARS 0132142 '''''''5 R\1I,O,CON,I.CL 
Sff."PS 01011111116 ., Ih/,O,CON,LCL 
80l( 111"0160 51) RW,D,DVR,GBL 

TOTAl. SPACE ALLOCATEI'! • II1II5324 '518 
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PLMAIN.FTN ITRIALOr.KS/W~ 

SURROUTINE DUTRRW 
c·.·.-.·.---.·.···· .. ·.·.·.·.··.-.··.-.··.·.·.-.·.·.··-•••••• -.~ •• --.--. 
e ROUTtN~ TO OHAW , BOI A~OUND T~E PLOT 1 INCH ~IOER O~ [4CH SID!, 
C I T~r-H _ROVE THE TOP ANO 2 INC~F.~ BELOW THE BOTTOM, WITH LABELS 
r: A~O SCAL~. 

r--------------------_·.··_·----------_·_------····-----.. -..... -.-.----
c 

snE IT lTLE 

REAL L TWSIZ 

'~~4 cnMHON I~OII_HIN,YMI~,~MA~,yMAX,SF,LO~S,JSO,ZMAX,'A~Tl,rTtTLE(80) 

000'5 
CUI"" 
0011!1 
00(118 

011"'''' 
1iJ0t0 
0011 
00t2 
0013 
0liJto 
01015 
00U 
1!,1011 
001& 
0f!,Q 
00i!1l1 
00L't 
U22 
Ql01! 
0014 
e0~5 
f!01e1 
0021 
01!1?8 
00i!9 
e030 
0031 
0032 
02133 
0034 
0035 

003& 
0037 
UH 
0039 

C··------------··················-···-·····----··-------..• --._.-.-..... 
t.···------------·-·_·-._._·------·-·--.-·_·----·_--·-_.-------.-._-----

\0' 

t21 

121 

LTRSIZ • "'.14 
WRITE (~,.) 'S!L~CT TITLE OPTION' 
~RTTE f~,.l 'e • NO TITLE, I. US! PREV.TITLE, 2' NEW TITLE,' 
REAr! (tI,11110) I AN!IR 
1I'0R"1AT ett' 
JF rrA~SR .EQ. ~) GO TO 125 
I' rIA~SR.NE.2J GO Tn 120 
wRYT! C2,.) 'ENT!~ PLOT TITLE' 
REAn (2,11 0 ) IfITL! 
FORMAT (1II0A1) 
CQNTlNUE 
HITE • ~TRSIZ * •• ~ I 7,0 
_SPACE' (XMAX + 1,0] • (XMIN • 1,0) 
TSPACE • xSPACE • 0.2 
TF.MP • TSPACE I HITE 
MAxr;~R • TfMP 
NNN • tCHH2(ITITL!] • 
l(~N • N"'tII 
til' (N~N .LE, MAl(eH~) GO TO 125 
_Ann. (NNN - MAXeHR) • HITE 
101'02 •• AOO I 2.0 
WqtT~ (~,ll1) MA.CHR 
'ORMAT (' fITLE TOO LONG. LIMIT IS ',13,' CHAPS." 
WRITE (2,99) LTRSIZ 
FORMAT ( , LETTER SIZE IS ' ,f6,3) 
WRIT! (2,.) • SELECT OPTION· • INCREASE BOX SIIE,' 
WRIT" (2,.' , 2 • ENTER NEW fITLE ' 
WRYTE (2,.) • 3 • nfCRF.A~F. LEfTER srlE' 
RE&n Cl!,.) 1 ANSRl 
GO TO CI2l,105,t23) , IANSR2 
CONTINUE 

c·_--··---------------------··--------------------------.-.. --.~-.. -----
c····-_·--_·-------·_-_·--------·_·-----.----------------------------.--

123 

WMJN • _MIN • ~DJFn2 

.M&~ • KMAX + xOIFni 
GO TO t2'i 
CO~Tt~UE c.-.··--________ -____ · .. ·._.··. _______ ._··_·_ .. ____ ._·---.------------.-

c Or.CRf.ASE TITLE L~TTEQ SIZE 
c--------------.-·_----------_.-----.------·.-··------.-----------------
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nil! 
001111 
00115 
111011 ~ 
0041 
00118 
00119 
0050 
0~51 
tlJ05l 
1110'5] 
00~1I 
00'55 

0Q!Sf< 
I!IQ!'59 
1!J0tt~ 
1/1061 
00"2 

l1JilI6! 
0064 
0065 
QJ(IJ66 
00~1 
0068 
1!10f.19 
0010 
0011 
0012 
0f173 
001711 
0015 
007f.1 
0017 
111018 
011119 
0080 
1!l0~1 
fHHli 
01'83 
00811 

~EAn (tt, *) L rRUt 
GO TO Ii!'" 

c--~----.. ··----··---·--·-·----··-----·-··--·------------... ---.--------CORA" OIJTF.R ROlC ARQUNO PLOT. 
c·-----------------···--_·_·-_·_·_-------·_-------_·-----.-.--------... -

r:ONTJNIJE 
.MIN • )(MIN-l. 
YHfN • YHIN-Z. 
IF (LOGS.EG.1) VMIN • YHIN-ZMAX 
IF (tsn.~Q.~) YMIN • yMIN+l 
CALL PLOT (.MIN,VMIN,3) 
YI'1_ •• Y"1U+1. 
CALL PLOT (lMIN,YMA.,2) 
lCMAX • )P4A)(+l. 
CALL PLOT «(MAX,YMAX,2) 
C'L~ PLOT (XMA~,YMIN,2J 
CALL PLOT (XMIN,YMIN,l) 
CALL PLOT (0.,111.,3) 

lIM)(P2 • liMA" 
YMNM2 • VMIN 

c--··----.------------._-·_·_--------... ---------------------.--~-.---.-
C O~AW LAB~LS. r.-------- __ . _______ . ____ . ________ ... ___ . ______________ --_.-. ___ ... _____ _ 

131}1 

IF (lANSR.f~.Ml ~O TO 130 
NNN • rCHR2(lTITLE' 
IF (NNN.LE.l1 GO TO 130 
CALL SVM~OL (~~IN+0.2,VMIN+I}I.4,LTRSIZ,ITITLE,0.0,NNN) 
CONTINUE: 

c~--·-----·---···-·--·--··--·---·--·-------·------------.-.-----.. -.-~ .. 
c··-----------_·---··-.-•. --------···_--.---···----------._--._--------. 

CALL SVM80L (.~KPl·l.5,YMIN+l.1,0.t,'SCALE',~.~,5) 
FPZ • "'.A 
FP9 • 1.I}I/SI" 
FF"2 • 2*FPS 
V1P5~ • t,55+VMIN 
ViPS. 1.5+YIotIN 
ViPII • 1.IIHMIN 
NOTG • -I 
I~('pS.LT.10.)NOTG • 2 
rFtFPS.LT.l,lNOIG • 3 
IFrrpS.LT •• llNnIG • II 
CALL NUM~ER (.M~P2·2.4,Y1P55,~.I,FPl,~."',1) 
CALL PLOT (W MlIP2-2,II,Y1P5,3l 
CALL PLOT (K MlCP2-2.4,V1PII,2) 
CALL PLUT (XMlCP2-t.4,Y1P4,2) 
CALL PLUT (XMX P2-1.4,Y1 P5,2) 
CALL NUH~ER (lCMKP2-1.45,Y1P5',0,1,FPS,0.~,NDIG) 
CAll PlOT (J(MlCP2-1.II,YIP4,3) 
CALL PLOT (MMxP2.0.~,Y1PII,21 

CllL PLuT (X MXP2-0.4,Y1P5,2) 
CALL NIJM~ER (~M~p2-0.5,Y1P55f~.1.FPS2,0.0,NOtG' 
IF CFACTZ .LE. "" qeruRN c-------------.. ·--------_____________________________ ---.- ____ . _______ _ 
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c······· .. -···.·············-_·······················-.............. --.. 
00" 
11Mb 
G1087 
0088 
008. 
'e91!1 
'''1 
lieu 
0093 
UCJ4 
0n, 
U'6 
011!CJY 
00'8 
00~1f 

0lee 
011111 
0Ut! 
0103 
0104 
8111!5 
0106 
etl1l1 

PROGAAM 

NAM! 

SCOOF.l 
SPOATA 
uonA 
lyAlU 
STfM'" 
80X 

CALL SYM~OL (KMK~!.1.15,V~IN.l.e4,8.1,·YEAT. SCALE;,0,~,11) 
'Pl • 0.13 
'FI~ • t.""fAcn 
"P!I~ • 2*FPS 
YPl!q • r1J.81f+YMIN 
YP84 • 11I.84+YMJN 
VP14 • 0.14+V"'JN 
NOIG • -, 
t'CFPS.LT.le.)NOJG • 2 
If("S.LT.t,)NOlr. • ] 
r'(FPS.LT •• 1JNOIG •• 
CALL NllMlleA (J(M)(1I2-2,4, YP8~,CIJ.l ,FPl,e.0, 1) 
CALL PLOT (XM.P2-2.4,YP84,3) 
CALL PLOT (X"'.P2-2.4,VP'.,2) 
CALL PLOT (x",_P2-1.4,YP74,2) 
CALL PLOT (X"'MP2_1,4,VP84,2) 
CALL NU"'8EA (MMXP2-1,45,ype.,~.t,FPS,0.I1I,NDJ~) 
CALL PLOT (XM_P2-t.4,Y"4,]) 
CALL PLQT (X"'.'2.0.4,VP74,2) 
CAll PLOT (x"'_P2-0,4,y P84,2) 
CALL ~U~~EA (XMXP2-•• 5,vpe',I,t,FPS2,0.0,NDIGJ 
RETlJlOJr~ 

fl:Nn 

SECTIO~S 

SIZE ATTAnUTE~ 

11102126 147 ItW,I,CON,LCL 
1!1005U 173 Rw,O,CON,LCL 
1'1110502 Ul AIII,D,CON,LCL. 
1'l01!1t2b 43 "1Ij,O,CO~,LCL 
f1U0l4 10 Ih',D,CUN,LCL. 
"0~1"~ '5b IiIw,O,ov~,GflL. 

TOT~L SPAC~ ALLOCATE~ • ~~4514 1190 
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C HRFAOPL.FTN 
00~1 SU8RnUTINE HREAO (WT,lMA.,BASE,TITLE,NPRINT,INnUT) 
0002 8YTf. IIIII)IIT(1I:1I.1) 
0001 OIMENSTO~ HEAO(25&e"""UM8ER(25~0,,IOENT(11:18),WT(7&8),FILE(1), 

+TITLECt6),OETAIL(20) 
00~4 WRYTE (2,.) 'NAHf OF SINARY FILE HAVING HEAO OATA' 
00~~ REAO (~,140) FILE . 
000& WRITE (2,.) 'HAT.( REGIONAL TUP OR BOTTOM - 0)' 
0001 WRTTE (2,*' 'NTO' (Ill. TOP ANO t • ~OTTOM) OF SELECTED MAT'-
0008 REAn (2,*) NMAT,~TOP 
0009 N • tC~R(FILE) 
0010 OPEN (UNtT.l,NAM!.FtL!,TY~!.'OLO;,FORM.'UN'ORMATTEO·,~EAOONLY) 
001t REAn (1) (DETAtL(I),Ia,,23),LNPT,(IOENT(t),I·l,LNPT) 
0012 REAO (t) NTT,(NUM8ERCl),HEAD(1),I."NTT) 
0013 WRIT" (2,143) DETAIL 
0014 ClOS~ rUNIT-l, 
0015 JF (NPRIII/T.GE,t) ~RINT 1511l, LNPT,(IOENT(I),I-l,LNPT) 
001& IF (NPRINT.GE.I) PRINT '&0, (NUMRER(I),MEAD(I),I."NTT) 
0011 ~ASf • 1.0E10 
~~t8 1MAW • -1.0fla 
00\q no 1~0 I.t,~NPT 
~0~0 100 wrCI). ~.0 
0021 no '20 I-l,LNPT 
'022 N • IDENT(I) 
0023 If (N.EQ.0) GO TO 120 
0024 NN • N+2A 
0025 If CNPRINT.GE.t) WRITE (2,*, 'N.·,N,'LNPT.~,LNPT 
0026 00 110 L.N,NN 
0021 NO _ NUMRER(L) 
0028 LLl • N0/100~ 
00aq N8UQ • MDU{NU,1000) 
0030 IF (NSIJR.NE,Il GO TO 120 
0031 IF CLLL.LT.NMAT) GO TO lt~ 
0032 IF (LLL,EQ.N~AT) INOUT(I) • 1 
0033 WT(I) • ~EAO(L) 
0~~4 IF (NTOP.EQ,0,ANO,NMAT,NE,01 ~T(t) • HfAD(l-i) 
0035 IF (NPRINT.EY.Z) pRINT 130, I,NUM6ER(L),HE40(Ll 
00]& IF (8ASE.GT.wTCt)) BASE a WT(Il 
0037 IF (lMA_.LT.wrCI1) lMAX • WT(I) 
00'A GO TO 12~ 
f110]q 110 CONTINUE 
0040 120 CONTINUE 
0041 RETURN 
0e42 130 FUR~AT (' SURFAC! NOOE',l5,' NOO~ S!LECTEO·,I5,' H!AO',GI0.3) 
004] 140 FORHAT (20A4) 
0044 150 FORMAT (' LNPTa',15/200(2015/») 
~045 160 FOP~'T (' HEAD VALUES READ FRUM nIS~'I,a00(8(1~,G10.3)/)' 
004& FNn 

PROGRAM SECTIONS 

NAME: SIlE AlTRl~UTES 

SCOIlEt I'I~ 11Q!~ ""1 "W,I,CON,lC~ 
IPOAU ~0Q1~14 10 Ihl, 0, erIN, lCL 

FORTRAN IV-PLUS vl1l~ .. 51n 16112152 U-SEP .. n 
HREAOPL.FTN ITIf'ALOCKS/WR 

SI I,. " 001l1]0;J 9& RIII,O,CON,LCI. 
IVAIIS 041202 ""It3 Rw,O,CON,LCL 
ST~MPS 0011l00~ 2 Rw,n,CON,LCL 

TOTAL SPACE 4LLOCATEn - 04]&24 9162 
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'ORTRAN IY.PLUS Y~~.~lD 1~lllle, PAGe 1 
GRIOIT.,TN ITRI~LOCKS/~R 

e·-··-·.-.···············-·-~-·-······-········--·-·-·--..•. -...• -••.. ~~ 
C THIS PROGRA" USES TH! INPUT nECK 0' THREE-OIMENSIONAL FI~ITE ELEME 
C GROIINO WATER MOO'L, FOR ESTIMATInN OF LOCAL conRDINAT!S nF EACH GR 
C POINT. 
e 
C FOR A ~IVEN PROKL!~, THIS PROGRAM IS EXECUTED nNLY ONCE. USING THE 
C ~!NARY OUTPUT 'ILE 0' T~lS , GRIDH,GRIDY AND GRIDIN PROGRAMS 
C ESTIMATE THE GRID VALUES DF THE PARAMETER 0' INTEREST, 
C 
C IJST~G APPROPRIATE YALUE 0' "FACTOR" TO CONVERT COORDINATES TO 
C PLnTTING ~EYICE USER CAN oEVELOP DI'FERENT INTENSITY 0' GRID 
C 
C THF. PRnnUCT 0' W. AND Y. GRIDS SHOULD BE LESS THAN 6T'~, 
C 
e IMPORTANT TO NOTE THAT THIS PROQRAH CAN HANULE DNlY LIN!AR 
C ELEMENTS. I' THE RIYEN PROBLEM HAS BEEN DISCRITIZED IN TO HIGHER OR 
C OR MtX'-D ORDER ELEMENTS, USING THE NODE LOCATIONS of THE MODEL 
C THf GIVEN REGION 0' INTEREST HAS TO BE R!D!~I~EO BY LINEAR !L!~ENT 
CALL OTwER IN'ORMATION CAN Bf LEFT I~ THE SAME FORM. 
e-·-·-·-·--·----·-·--·--···-·-···-··--·~·--·--·-------.--.............. . ~A~l eYT! FILE(4~) 

00~2 DIHF.NSTO~ X(168),Y(168),NOO(4),X~(4),YQ(41,HH(4),CONCEN(2~), 
+LL(!A),Zl(2~),SCC(4 •• ),ETT(400).LIST(40e).LNOO!I(J68), 
• NXy(~~Al, NYY(68.) ,Z(1~8"NUMe!R(168),~Mt(1" 

00~3 IA~ FORMlT (80Al) '.'4 WRITE (2.*) 'CONTROL 'ILE WITHOUT ~!XTW PRO; ATTlCHES ~G~O"' 
00~' RE1Q (~,100) FILE 
~0~6 ~ • IC~R('IL!) 
0001 N • N+t 
00~8 'llE(N) • '.' 
000' 'ILE(N+l) • "i 
8010 'ILf(~+21 • 'H' 
.011 FIlE(N+Jl • '0' 
eel2 OP'N (UNIT.4,NAME.FILE,TYPE.'OLO·,RE1DONLY) 
0011 FILF(N+1) • '0 4 
0el4 OPEN (UNtT.3,NAME.FIL!,'ORM.~UN'O~MATTEO" 
00t' FILe(N+l1 • 'N' 
~0t6 'ILE(~+21 • '0' 
0~t1 FILE(N+31 • '0' 
0018 "PfN (UNJT.l,NlM!.FILE,TYPE.'NEW','OAMe'UNFORMlTTEO') 
0019 REAn (4,100) FINPUT 
0020 RElO (4,\0A) fILE 
0021 N • rCWR(FILE) 
0022 OPEN (U~IT.S,N'ME.'lLE.TYPE.'OLO',RE'DONLY) 
0023 RElD (4,*) LSU~U,LSEGH,NTOTAL 
ee24 IF (LsueO.E~.0) GU TO lJ0 
0~29 IF (NTnT'L,!Q,0) GO TO 110 
002~ REAn (4,.) (LISTtt),I.l,NTOTALl 
0021 tl~ I~ (LSfG~.fQ.0) QO TO 130 
eelS 00 12~ let,LSEGM 
0129 ~fln (0,*) N~TA~T,NSTOP,I~C 
1010 no t20 J.NSTART,NSTOP,INC 
0031 NTOTAL • NTUTAL+l 
0032 ll~ LI~T(NTnTAL). J 

~----------.--.. -.--.-.--------.----------------------------.-----------
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0035 
003" 
0037 
0038 
fJl!IH 
0040 
"'0 4 1 
0042 
0043 
1!104Q 

0045 
01/14~ 
011\41 
IH'l118 
0049 
M'501 
0051 
00"12 
00'H 
0.10';4 
111055 
11105& 
0051 
00'18 
00t;q 
00b0 ° PI 61 
00,,2 
00&3 
0(('1fi4 
00*" 
006& 
00"" 
0he 
0~lflq 

Glial", 
00 1 t 
q""., 2 
011113 

C SINrE NlHHIAI.LV II1Il(EO O~OER O~ "InliER ORDER ELEI1ENTS ARE USEO FOR 
C 51 Ii!)!. AT ION UJO FM PLoTT I NG IIURP(lSF.S THE Gt VEN REG I ON HAS TO BE 
C REnfFINEn IN LINEAR ELEMENTS, T~ROUGH THE FLAG "NFIL!" THAT fILE 
C CAN ~E R~AO OJRECTLV. If "NFl!.!" • 0 IT IS ASSUMED THAT THE INPUT 
C FILF. FOR SIMULATION CONSISTS OF LINEAR ELEMENTS AND NO NFIL! IS 
C ASI(En ~nR. 

c--·-----·--·-··-·------·-·-··-··--·---~·--·-·----·--·---.. ---.~---.----t30 REAn (4,t~~) DUMMY 
REA~ (4,*) NFILE,KELEI1,FACTOR 

c·-----·-------~·-··-··-----·--·-·-·--··-··---~----·--.. -.-------...... . C 'ACTOR IS THE CONVERSION fACTUR OF X • AND y. COOROtNATES , 
C PROGRA~ 'EARCHES THE VALUES AT CORNER OF EACH INTEGER VALUES 
C tHROUGH 'FACTOR',TH! INTENSITY OF GRtO IS C~ANGEO. 
t~---~-------·~---·-·-·····-··-·-·····--···--·~·-·--··.-.. -.....•. _ .. _--

IF (NFILE.EQ.0) GO TO 140 
Run (4, trl)0) FII.! 
ClME (UNIT_4) 
N • tCIiR(FlLE) 
n~EN (UNTT.4,NlMf.'ILE,TY~E~'OLO',ReADONLY) 

LN • " 
140 tF rNrt!.~.!Q.0) LN • ~ 

NTT • ~5"0 
WRITE (2,*) 'NPRINT' 
qfA~ (~,*) NPRrNT 

c-···--·--··-·--·--··-.---··-···-···----~--····-----·· ....• --..... -.. ---
C CHANGE THIS ~U~B~R AS PER THE NUMBER OF TOTAL NODES 

c·--------------------_·-···--······-····-------------------.-.-~-------REAO ('5, l5") I}UMMY 
150 FOR~AT (A4) 

RE.n (5,t&0) NPPP,NZELEV,KTVp~,PERCON,WYCONV,ZCONY,HCONV 
160 'OR~AT (15,I3,r2,1F10.~) 

WYCnNV • wYCONVtFACTOR 
l(t1fN • t .01!lI!I 
Yl1t'" • 1.!.'IEU 
IIM'I( • "'.0 
'l'MAl( • 0.0 
00 lOJ" 1.1,3~0 
REAl:' (5, 17111) N~EC 

110 'OR~AT (11) 
180 'OR~AT (r"I",4FI0.2,315,/2(~(F8.1,lS)/)' 

IF (NSEC.NE,0) Gn To 200 
REAO (~,150) DUMMV 

190 CONTINUe: 
?00 p~r~T 2l~, NSEC 
210 'ORMAT (' NSEC -,12) 

NonES • !!I 
00 2~0 I~OOE.l,300~ 
R!AO (5,\80) NSEC,K,XX,VY,WTT,AEO,N88,LHAK,(LL(J),ZZ(J),J.l,LHAX) 
IF (NSEC.Nf.0) GO TO a1~ 
tF (I(TVPE.E().2) PEAO (5,&90) (CONtEN(!), ta, ,LMAX) 
If (LSUAO.EQ.0) GO TO 25~ 
IF rlSUAO.GT.0) gO Tn 23111 
00 22~ I_t,NTOTAL 
IF (1(.F-Q.LtST(T)) GO TO 2~~ 

22'" C(JNTtNI.IE 
GO Trl ;J5'" 
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"12114 
"15 
101., 
un 
II1lU 
0019 
0UI!! 
IIIIH 
012182 
0083 
0084 
11085 
0086 
0087 
0088 

00'" 11090 
fl09\ 
0092 
un 
0f1l'h 
0n5 
0096 
0091 
"098 
009' 
1!Jl011J 
01111 \ 
01"'2 
010] 
11104 
IU5 
lUI. 
01011 
11108 
01n 
0lUl 
011 I 
Itt2 
It 13 
11114 
1Il1I~ 
01h 

23111 

240 

250 

H0 
140 

350 
3&0 

00 240 1-1,NTOTAL 
tF (K.EQ.LISTtYl' GO TO 250 
CONTINUE 
1:0 TI1 ~"I'I 
l(X _ )(UlIYCONY 
n _ Yhl(YCONV 
IF (1(1(.LT.I(~lN) )(~lN • 1(1( 

IF (YY.LT.Y~IN' YMIN • YY 
IF (~)(.GT.XHAX) )(HAl( • 1(1( 
IF (YY.GT.YMAI() YMAX - YY 
)( (I() - I()( 
V(II) _ YY 
NOIlF,! _ NOOES+l 
LNOn!S(NOoESJ - K 
WHITE Cll K,)((K},Y(K"WTT,8EO,LHAX,(LL(J),ZZ(J',J-l,L~AX' 
CONTINUE 
IF (NS!C.NE,l) an TO 2'11 
REAl) t5,2811) FI'1T 
FOR,.." (UlU) 
REAl) ("FMT) (~,I_t,NTT) 
I' (KTYP~,N~.2) GO TO 3~0 
REAl) (~,280) 'MT 
REAl) (~,'MT) (e,r.l,NTT) 
IF rNSEC.NE.l) GO TO 3Z11J 
00 313 1-1.1111011 
REAl} (~,1!0) NSEC 
IF (NS~C.NE.0) GO TO 320 
CONTI NilE 
IF (NSEC.NE.3) GO TO 340 
no 330 1-1,1000 
R!AI) (S,t80) NSEC 
IF (NSFC.NE.I'I) GO TO 340 
CONTINIJE 
IF (NSEC.NE.4) GO TO 360 
00 3'50 181,1('10\11 
~E41) ('5,180) NSEC 
IF (NSEC,NE.I) GO TO 360 
CONTINUE 
IF (NSF.C.NE.5) GO TO ~10 
PRINT ~1~, .MAX,.MIN,YHAX,'MIN 
NI(MIN _ TNTtXMIN' 
WMAW - XMA~~NX~IN 
N_M,. _ tNT(XI'1AX.0.5).1 

c---------·--------------.--~----------.~---.. --.-.---_ ... ---_.---_.----
c.--------------·-~--· .. ·----·--.. -----.. ---.-.. ---.-.--_.---_._._._ .. -. 

YHI"I - YMIN 
NYMl"l _ I"IT(YHIN) 
YMAX • YMAX.NY~IN 

e·---------------------·_·-------------·_·---------------.----._--------C NYMAW IS SHIFTED ~Y I,. 
c·_·-----_-·_·_·-·-··--·_·_·-······-·-····_·_·-----···---.----._._------

1120 NyMAX _ INT(YHAX+0.5'.1 
0121 WRITE (3) N.MA.,NX~IN,NYMAI(,NYMIN,NOOES,(LNODESlI),I-l,NnDES) 
0122 " rNpql~T.NE.~) PRINT &60, N)(MA.,NXMIN,NYMAX,N,MIN 
012] W~tTE C~,&8~) NXMAX,NWMIN,"IYHAX,NYMJN 
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111124 
IIIU5 
012& 
01 i'1 
0128 
0129 
11113111 
011t 
0131 
01H 
flU4 
0lJ~ 
0136 
0137 
"'138 
9tH 
0140 
0141 
01 4 2 
01 11 ] 
QJt 44 
1'!14-3 
0P!!> 
0141 
0148 
~149 

I'!t"" 
01'5, 
0152 
015] 
0194 
01'55 
01!16 
~1'H 
0158 
01 '59 
PIt MI 

0161 
0162 
01"3 
01"4 
01"5 
01~6 

1111 I! l' 
rIl168 
01~' 
0170 
0171 
0172 
rIl173 
0174 
0115 

IF (NFIL~.NE.0) CLOSE (UNITa'S) 
CLO!lf (UNITal) 
~O ~q~ Ilal,10"''''''' 
~E.n (LN.ft5~) NSEC,NE,Nl,NN,(NOO(IJ,lal,NN) 
IF (NPRINT.NE."') ~RITE (a,.) NF-
tF (~SF.C.NE.~) GO TO 600 
IF (~ELEM.EQ.l) READ (5,280) 00 
IF (NN.NE.4) GO TO 630 
IF (II.LT.10.lNO.NP~INT,N!.0) PRINT 310, NE,NOO 

]7~ FORMAT (. ELEM ',1],' NODES',BI!) 
fF (LSUR".E~.0) GO TO 420 
nn 4U11 Iat ,NN 
JJ a NnlHU 
IF (LSVen.GT.III) QO Tn 390 
00 ~~~ Jat,NfOTAL 
IF (JJ.E~.~IST(Jl1 GO TO 590 

3lI~ CONTINIJE 
r,r) Tn 4201 

3q~ 00 4010 J.l,NTQTAL 
IF (JJ.E~.llST(J) GO TO alO1 

40111 CONTJNUE 
;0 TO 59QJ 

410 CONTlN"! 
4291 ITII4E. ~ 
43~ no 4a~ J.l,4 

JJ • N01)(J) 
I((HJ) • w (JJ) 

441 ,Q(Jl a V(JJ) 
450 0 a C~q(t)+.U(~).XQ(J)+MQ(4»*~.~! 

On a ('W(1)+Y~C~'+V~(3J+YQ(Q)J*0.25 
A • CMQ(tl •• Q(2).XQ(J).XQ(Q»*1II.25 
4A • (YQ(I)~YQ(l'·YQ(3).YQr4')*~.25 
~ • (J(iHtl.I((H~)·XQ(3)-IIQ(4)).0.25 
RB a (YQ(1).'Q(2).YQ(3)·Y~(4».~.as 
C • rXQ(t)·~Q(~)+II~(J)-IIQ(4»*~.?5 
CC • rVQ(1)·,gC2)+YQ(3)·YQ(4»).0.25 
~t a .. CC-C .. , 

C W~ITE(~,.)·o·,n,~oo·,nOI·A·,A'·A.·,AA,'B',~,·nR·,BA,C,CC 
L1NF.4Q • '" 
TF rAl.eQ.~ •• ANO.C.Eq.0.I'!.AN~.CC.EQ.0.0' LINEAR • 1 
IF. rAl.N~.~.OR.lrNEAq.E~.l) GO TO 460 
lIQ(~l a WQ(~)+.0~01 
'uCa) • ,y(2J+.~0I"'1 
r.O TO 1~'5'" 

4&0 Rt. A.~~~AA.R-C.OO+CC.O 
Ct • RR*O.IUllfJ 
Ai? • 't*~.'" 
A', • r.r:*R-"~*r. 
R~, • r.c*n-c.n"+"*~A-A.~~ 
r:Cl a AA.,(,-h[)1) 
tIm:T a !" 

IF (AA1.fU.0.~1 LINE' • I 
GQ Tn Il'H" 

c-·--------------·--------··-·----------~-----·----------.-_ .... --------C NEXT SFCTIO~ I~ NOT npE~ATEO AT PRESENT 
c----------------_····----_·_-----------------_·-··_-----.-------.. -----
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~l'b 165 ITtM!. tTIM!+' 
e111 I~ (ITIME.GE,4) RO TO 411 
'S'8 N8AV! • ~OO(l) 
fl" NOnes) • NUO(a) 
el80 Nonc~) • NOD(]) 
,,8t ~nn(1) • NODC4' 
'182 N~n(4' • ~SAV! 
118] GO TO 4]~ 
01~4 .,0 PRINT 48~, N!,Cl,8,A~ 

PAGE 5 

1185 lSI 'ORMAT C' ELEM',J5,' CI .',El~.3,· 8 .',EII.3,· 88 ',Ele.3) 
018& GO TO ~q0 
01~1 'Q0 CALL POI~TS (N!,WQ,YQ,I,NWX,NYY,NPOINT,~PRINT) 
0'~8 I' (~POINT.EQ,A) GO TO 5'~ 
01S, no ~80 LZ.l,NPOINT 
01" ET • 0.~ 
~lql NX • N~X(LZ) 
01q~ Ny • NVYCLZ) 

C rFfNX.LT.NX~lN' NXMIN • NX 
01'3 cz • CI+A.NY-8~.NX 
0S'4 81 • 8t+Ct~Y-CCtNX 
019' B~~ • A81+NytC-CC*NX 
019& CC~ • CCt+AtNY-AA*NX 
01'1 I' (LINF,AR.EQ.l) GO TO '10 
IIq8 SIGN • S.~ 
01qq ITIME • 0 
0200 IF r_2.E~.0.) WRIT! (2,*' 'L',LINEAR,'A2',Al 
0l~1 ~P0 ac. (-8?+SIGN*SDRT(~2t82-.,*AI*C2)"A2 
'apa IF (A~~(SC).LF..I.0000S) GO TO 54' 
02P1 rTJ~E • ITIME+1 
0104 IF (tTt~!.eQ.2) GO TO "0 
0205 8tr.N • -1 
02~b GO TO ~00 
0201 ~10 ac. -ellS2 
0208 I' (AAS(SC).LE.I.01001) GO TO 5!~ 
02~' GO TO "~ 
0it~ 520 !T. -r.C~/8Ba 
021, IF (A8S(~T).LE.l.00A~t) GO TO !30 
021a r.O TO 51~ 
02t3 530 IF (~T.GT.'.~) !T • ,.0 
0114 IF tET.LT,-1.0) ET •• 1.0 
~ll' GO TO '6~ 
02t6 540 DIV. A~+SC.CC 
021T NFLAG • ~ 
0218 IF COIV.NE.~.' GO TO 550 
0219 WRITE (6,*) ·OIY.0.,n~NE·,N!,·8B·,BA,'SC·,SC,·CC',r.C,(NODCI),XQ(I) 

+,YQCI),t.S,4) 
02~0 OIV •• 000~'1 

0221 
022a 
02i3 
0Z~4 
0225 
0226 

c···.··---·--·······----·---··.··.-··.··.··----·.·.·· .. _-.-..... -.------
C THIS IS OONE TO AYOIO DIVISION BY ,.e NEEO FURTHER IMPROVEMENT 

c------·-------~·-····-······------·--·--·---·---·-·-·---.---_ .. -----.-. PRINT ., ·NX,NY,OD,AA',NX,NY,DO,AA 
NFLAG • , 
£T • (NY-OO-SC*AA)/arV 
IF (NFLAG.E~.I) PRINT -, 'ET AFTE~ SETTEING OIV •• ~~001',ET 
IF ('AS(F.T).LE.I.~00~') roo TO 5~0 
SIr.N • -I 
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~227 no TO ~0~ 

01l& 56~ NX. NV.t-NXMl~ 
~229 ~Y • NY+l-NYMIN 
0230 wRTTE (31 NK,NY,NOO,SC,Ef 
0211 GO TO ~8~ 
0~!l '7~ I' (NPqtNT.NE.~) PRINT 66~, NE,NV,NY 
0233 '580 CONTINUE 
0234 59A COMTtNIJE 
0235 600 CONTINUE 
02~b GO TO 7~0 
0237 610 PRINT ~l~ 
0238 62~ 'O~MA' (. PROGRAM STOPPED ~.'" THERE W~S NO lNSfC .5J IN DECK') 
023~ GU TQ 1A~ 

0240 ~30 PQT~T &40, NE 
0241 64~ 'OR~'T (. PROQRAM STOPPE~ SINCE FOR ELE" ',15,' NOOES ARE MO~E 

• THAN 4'11,' FOR THIS P~OGR'M LINEAR ELEMENTS ARE REQUIRED') 
0i42 65~ FOP~AT (11,14,15T5'1615) 
024J ~6~ 'ORMa, C' CONVERSION NOT ACHIEVE" TN ELE~ENT',I5,' NX',I5,' NY',15 ~ 

+) 
0244 ~70 'OA~AT (. XMAX.',FtA.l,' XMIN.','lA.t,' YMAX.·,Ft~.l,· YMIN8',Fl0 t 

+1) 
0245 680 'OAMA, C' NKMAX.~,I~,' NXMtN",15,- NYMA.",r~,' NYMrN",I~) 
~~4b 690 'O~~.T (~£1~.31 
0241 7~0 STOP 
0~48 F.Nn 

N_IU: 

SCOIlEt 
,pOATa 
IIOaTa 
,yARS 
ST!MP 15 

SllE 

0t1/l15~ 
91Q10i2& 
!!!ltt24 
045476 
1'101/)(.142 

21111" 
75 

298 
qt.3t 

11 

"TRIBUT~S 

"W,I,COI'4,LCI. 
R\II,D,CON,I.CI. 
Rw,O,COIII,I.CL 
"w,D,tON,LCL 
IhI,D,CON,LCL 
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0001 S(JR~nUTI~E POINfS C~f, •• ,YY,INCN,NWX,NVy,NPOJNT,NPRINT) 
00~2 DIMENSION XX(4), VV(4J, A(4), RCO), Y8(4), NXXC~~0)f NYY(6A0), 

+ .L~4X(4), XlMIN(O), VLHAV(4), VLMIN(4), VSPTR(4) 
00~3 INT!GER W, Y 
~~~4 00 1~0 I.". 
00~5 II • 1+' 
00l'lfl IF (1I.F!~.5) II • , 
00~1 XXX. V.CII)-.X(l) 
0008 IF (.X~.NE.~,0' r,0 TO 100 
00~9 A(ll • 1.~~8 
0010 ~(I' • 1.0E8 
'011 GO Tn tt~ 
001~ t00 YYV. YYCII'-Y'CI) 
0013 A(l] • YYV/ ••• 
0014 ACI) • ,Y(I)-A(I].XX(I) 
00t' II'" .L~IN(t). X.(I) 
00t~ IF (XX(lt).LT,xXCll' XLMI~(r] • XX(II) 
0~11 WLMAX(IJ • KXCI) 
0018 IF C •• Cll).wT,XX(I) XLMlX(I) • XX(II) 
0019 VLHIN(I) • 'YCI) 
~0~0 IF (VV(It),LT,V'(I» VLMINCI) • 'V(111 
0021 VLMlXCI) • YY(I) 
0022 IF (VY(II),GT,YYCI» YLMlXCI} • V'(II} 
00~3 ta0 CONTINUE 
t'P4 XGHAX • -t.eE8 
0PP5 XGMtN • 1.0Ea 
002& VQMAX • ·t.~E' 
~0~7 VG~t~ • t,0ES 
00le nQ ,'0 1.1,4 
~029 IF (.XCI1,LT.XG~rN) .GMIN •• X(I) 
0'3~ IF (.XCI).GT.XGMlX, XGMlX • XX(J) 
00Jt IF ('V(I).LT.YGMIN) VGMIN • 'VCI' 
0032 IF (VV(l).GT.V~MlX) 'GHl •• VY(l' 
,,3) 130 CONT T NI/~ 
00J4 MINX. XQMIN+,999' 
e03~ MAXX •• ~MlX 
0~3& MINY • YQMIN+,9999 
003, MlXY • YGHAX 
0038 N~OlNT • 0 
~0J9 no ~2~ •• MIN.,MAXX,INeR 
f040 NN • ~ 

m04' ~o lSI 1.1,4 
0042 II • I-I 
0041 I' (l89(X-.LMIN(I').LT,1.~!.4) GO TO 140 
0~44 IF (A~S(.-XLMA.(1)'.LT,I.0F!-4) GO TO 140 
0045 IF C •• LT.XLMIN(I» GO TO 15~ 
004& IF CX.GT.XLMl.Cll' GO TO 150 
0041 140 IF (A(t).EQ.t.~!~) GO TO 150 
0048 NN • NN+' 
0049 Y8(IIIN) • A(I' •• +~(I) 
0e5~ V~(~N) • Y~tNN)*t.0E2 
00~1 Y~(NN) • INT(YS(NN).0,5) 
0052 Ve(IIIN) • y8(NN"l,0E2 
0053 V~~TRCNN' • I 
0054 IF (NN.LE.I) GO TO t50 
00'5 If ( •• ~~.XLMIN(I'.ANO.W.E~.WLMA.(II).AND.A(II).NE,I,0!4) NN • NN-l 
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0P1'5b 
fJ0'57 

''''~8 
1'11'1'59 

006111 
Ql061 
006l 
0111&3 
ItQIU 
01'!~'i 
00H 
01'1111 
0"'b8 
Ql0&9 
0010 
0011 
1P01Z 
0013 
0014 
IH'I15 

01'l1~ 

10n 
flue 
(lJQlH 

110U 

""'''1 001Jl! 
0083 
011'1114 
008'5 
008~ 
00'11 
0088 

00119 
009~ 

PRnQQ,M 

Ni~e: 

'CODfl 
IPOAT A 
SIOHA 
IViR' 
'T!MPS 

IF r~.£Q •• lMA.CIl.ANn ••• EQ •• LMtNCII).AND.A(II)."'~.1.0E8) IIIN • "''''-I 
IF CI.N!.4) GO TO Uill 
IF ( •• fQ •• LMINr".ANO.X,!~.XLMAX(I'.ANO.A(4'.N!.!,IEa,'NO.A(t).N!, 

+1.fE8) NN • IIIN-I 
IF ( •• EQ.~LMAX(4),ANO.X,!Q.XlMIN(11.ANO.A(4).Nf.I.~E8.ANO.AC1',NE. 

+1.~F.8' NN • NN-l 
151'1 CONTTNll! 

NN'4 • NN-l 
no "0 J-I,NfIIl1 
00 lU 1-t ,NNI1 
IF (YR(Il.LT,Y8(l+1)1 ~o TO '~QI 
STME • 'faCI) 
YfHIl - v~ (I+11 
y~(I+l) - STOlt! 
STORE • Y~PT~CtJ 
YAPTlteIl • Y8PTRCI+ll 
Y6PTR(r+l) - STORE 

1M' CONT INIJE 
17~ CONTINU! 

~O 211'1 Y.I1INY,~A.Y,I"'CA 
110 ,,,~ 1-1, NN 
r~ (A(Y~PTR(IJ',!Q.I.~!4.AND.Y.GT.YLMIN(VAPTRcr".ANO.V.LT. 

+YLMAWCY~PTR(I») GO TO 200 
l~ (vSrll.EQ.Yl GO TO i00 
IF (YSCI),LT.V) no TO 180 
nr:t:TS • I-I 
GO TO 1~(II 

III'" CONTINUE 
tIIECTS - IIIN 

tq~ IF rISECTS/2*l.!a.IS!CTS) GO TO 21111 
l0~ "'POINT. NPOINT., 

NlClI (II/POIII/T) • It 
NYV (IIIPOINT) • Y 

211 CONTINuE 
U9J r.ONTJIIIIJI! 

IF (II/PQlNT.G!,Z) PRINT *, 'NI',N!,i, OF POINTS',NPnrNTs,'MAx,MIN', 
+WG~ •• ,xQ~IN,YGM.lt,VGMIN,'N.X',(NXX(tP),IP.l,NPOINT),'NYY',(NYY[lP) 
+, JP.t ,NPllINT) 

ReTURN 
ENO 

SECTIONS 

SIZe: ATTIUBUTE5 

11103 I.} 5 III 788 Rw.l,CO"',t.CL 
"'''DI~fl4 j:!b RW,O,CO\j,LCL 
,,,,011'50'1 20 Rw,D,CON,LCL 
Q1002f1& 91 RW,O,CO'l,LCL 
PI""'~i\!l I) Rw,O,CON,~CL 

TOTAL SPACE ALlOCATF.n • ~035t2 933 
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~O~T~AN IV~PLUS v~2.~lo Utt41Z11 
GRtDIN.FTN ITRIALnC~S/w~ 

11001 
000i! 
01P13 

111131114 
11011115 
00111(, 

1210Q11 
Ql0Q18 
0~Ql9 

'010 
0"'11 
0012 
11101 t3 
I!f11I4 
leu 
001. 
un 
0018 
01UII 
00211 
"'0il 
0022 
0f1123 
IIJ0 2 /I 
0025 
002(' 
00n 
uu 
00~9 

1110301 
0031 
1'J0H 
0033 
1Il034 

003' 
003(, 
0G1H 
1303A 
1110H 
0040 
1/113111 

C GRI~IN.FTN 

c.··.·------.·.····.··--·-----·----------·.·---·--·------.-.. _ .. --------
C THIS PPOGRAM EST'"ATES VALUES AT R!GULA~ GRID OF INPUT PARAM!TERS 
C LIKE TOP, BOTTOM, OR THICKNESS OF ANY GIVEN HYDRUGEOLOGIC UNIT. 
e 
C BINA~Y FILE •• ~nD OF GRlotT,FTN ARE USED 
C 
C 81NAQy OUTPUT FILE "VALUE- CONTAINS GRID VALUES TO BE PLOTTED, 
C 
c-----····---···---············--··---············-------.----.. -._._.--

t0r!! 

INT!GE~ SCl, ETA 
8YTE INOUT(\12I00',FIL!C40) 
OIMENStO~ LL(1),ZZe,),WTClI00),VALUE(('1S0),NOD(4),SCA(4), 

+ !TAt41,TITLEC1(,),X(168"Y(16') 
OATA SCA/I,-t,-t,t l 
DATA ETA/1,1,-1,-11 
WRITF. (~,*) 'OUTPUT FILE OF GRID ~lTHOUT EXTENTION PROGRAM APENOS 

_ "*.GRO" AND "*,mRO"' 
REAn (~,te0) FILE 
FOIl'1AT (4011) 
N a IC~1f (FU.E) 
N a N+, 
FIt.F.:(~) • '.' 
FILF.(N+l) a 'N' 
'ILE(N+Z) • 'n" 
!'ILl!: (N+31 • 'D' 
OPE~ (UNI'.l,NAM!aFILI,TYP!.'OLD',FORMa'UNFORMATTEO',REAnONLV) 
'ILE(N+ll • 'Ii' 
FILE (N+c) - 'R' 
FILF. (N+31 • '0' 
OPEN (UNtT-3,NAME.FILE,TVP!-'OLD','ORM-'UNFO~M'TTEO',READONLV) 
WRITE fi,.) 'FQRWHOL!OOMAINTHJCKNESS~AT'-0' 
WRYTE (2,.) 'NFLAG-0NOR~AL.tFORUSIN~NE'RESTNOOEVALUE' 
WRUE (2,.)' • 
W~ITF. (2,.)'~PRINT,MAT'.NTOP(0.T,l-BOTTOM,2.T~ICKNESS"NFLlG(0,1)' 
~EAQ (~,*) NPRINT,N~A"NTOP 
FU~P.: • 1.~E1W'l 

ZM" •• -1000. 
00 t'5~ r-l,lQlr/lQl 
~E'O ("P.:NOa160) ND,X.,YY,W,9EO,LHA.,(LL(J),ZZ(J),J'l,LMAX' 
IF (LNPr.Lr.NO) LNPT a NO 
X (NI)) a lIl( 

"(NO) • yY 

00 t4" Jal,L"'U 
LLL • lL(J)/liclQl 
IF tNM'T.NE,~, GO TO 110 

c-···-···.--··~-·-·---------·-----··---~··-------·---·-----._.--C MAT~RIAL N~M8E~ IS ZERO 
c·_·_·--------··-·-····-------·_·-·-·--·_·_·-------------.------IF (~lTnp.EQ.0) oIT(l) a utI) 

I' (NTnp.EQ.l) ~T(r) • ZZtLMAX) 
IF CNT~p.eQ.~) WTCl) • lZ(l,-ZZ(LMAX) 
INOiJT(1l • 1 
liO TO ,'SQI 
IF CLLL.~f.~M.T) ~O TU 14~ 
IF rLLL.~r~.~IHH) INOIJT(1) • 
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'O~T~'~ IV-PLUS V~l-~IO 16I14U8 
GRJOtN.FTN ITRI~~OCKS/w~ 

111142 
fIl043 
~0Q4 

017145 
004" 
0047 
0048 
0049 
0~'50 
00'51 
"'0'5~ 
tII~'53 

(110154 
fIl0S5 
fIl05" 
0051 
0011i8 
fl059 
Ql060 
00'" 
00"2 
0~-'3 
01'1"4 
10~'5 
00f)6 
10'" 
10~8 
00&~ 

1!10 "" 
0011 
0011 
0015 
flI!I74 
001! 
01P& 
0017 
0018 
13019 
0080 
0081 
UU 
1IJ0B 
"084 
0085 
0086 
0081 
0088 
0089 
1090 
e09t 
13092 
009) 
00911 
0095 
e09" 

IF (NTOP.NE,2) GO TO 120 
WT(~O) • ZZtJ-l'-ZZCJ) 
IF r~TrNO).LT.010J wT(NO) • 010 
r,0 TI] !llll 

120 WTCHn). ZZtJ.l' 
IF (t.lTOF'.E~.1) WT(NO) • ZZ(J] 

13171 t, C~'SE.r,T.wrc~O') BAS! • WT(NO) 
IF (ZM'x,~T.Wr(~n» ZMAX • wT(ND) 
1;0 TO t'~ 

t40 CONTINUE 
1511J CONTINUE 
t&0 CLns~ rU~IT.l) 
c ZMA~ - INT(ZMAX+!0) 

IF (NPHtNT,NE.IIJ) P~INT ., ~AS~,ZMAX 
~EA~ (]) NXMAX,NXHIN,NYMAX,NYHIN 
NeE~ • NXH'K*NYMAX 
IF (NEEO.LT.&750) GO TO 170 
WRITE r?.*) 'NXMAX*NYMAX.~750.PROGRAMSTOPP~O,' 
W~JTE (2,*) ·REOUCESCALESIZEINrILEft •• G~OftANDRERUNGRIDIT' 
STOP 

ITA DO ~'0 INOD!.l,9~'~ 
REAO (3,!NO-i2~) NW,Ny,NOD,SC,ET 
IF (NPRI~T,GE.2) PRINT l8~, INOOE,NM,NY,NOO,SC,ET 

18~ 'O~~'T (0 INOD! •• 7!~.aEI2.]) 
SUM • 0. 01 
rnAG _ rlI 

'JO t9~ J-l,4 
tq0 IF (INOUf(NOO(J)l.!~.l) IFLAG • IFLAG+l 

IF (IrLA~.LE.I' ~o TO 211 
no ~0I0 J.t,4 
K _ NOl)(J) 

SUM. SUM+.15.Cl+SC.SCA(J»*(I+!T*ETA(J».wTCK) 
ue CONTINUE 

YALUE((NY-l'*~XM'X+NX) • SUM 
110 CONTINUE 
1~0 tLOSF. (UNI'-5) 

Ir rNFLAG,!~.0) r.O TO 240 
1'10 ,30 hl,I.NPT 
'F tX(rJ.!Q,'.I.ANO.Y(I),!Q,I,0) GO TO 210 
NX • INf(X(I)+~.~).NXMIN+l 
~Y _ INT(YCl)+~.5)·NY~IN 
tJ _ NU"IXMU+NW 
Y'LIJ~(JJI • WHO 

?3111 CONTINUe. 
2q~ lMA~. -',0EI0 

Z~JN - I.E10 
DO 2~~ l-t,II/YMU 
NPLUS • (I-ll*NXMAX 
no ~'3OJ ,J_""'l(MAl( 
VAL - VALUE(NPLU9+J) 
I' (VALILT.lMIN) ZMIN - VAL 

?S0 l' (VAL.GT.ZHAW) ZMAX - VAL 
IF (NpqlNT.NE,.) PRINT 26~ 

26~ FORMAT Co R!~OrNr, OF ,II.! 2 COMPLETEO'/) 
IF (NPRINT.LE.t) GO TO 29~ 
"0 271.:'1 hi, NW~1A)( 
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FORTRAN IV-PLUS V~~.510 tbllllli!S PAGI!: 3 
GRlotN.FTN ITRIA~~Ck9/WR 

"I!IIJ 1 
11098 
Gl099 
GIl" III 
f1Ut 
Utili 
Ill/IJ 
etU 
IUS 
lilt ~6 eu., 
"lU 

.. ~1~9 

NSTART - (I-I)*NXMAX.l 
NST~P - NSTA~T+NX"AK·l 

2.,0 PRJNT ISIII, I,(VALU!(J),JaNSTART,NSTOP) 
180 FOR~AT (/15,1~Gt0,3,/2~~(5X,10Gt0.3/') 
P'0 WRJT~ (~,*) 'NWMAK,NYMAW,ZMIN,IMAX',NKMAX,NYMAX,ZMIN,ZMAK 

IF fNPRINT.NE.III) PRINT *, NXMIN,NXMlK,NYMIN,NYMAX,Z~IN,ZMAK 
OP!N (liN IT -1, NAM!:a' V A~UE', TYPh N!W", FORM -' UNFORMA TT!:O" 
"0 '1/11/1 Jal,NYMAIC 
NPI.IIS a (J-O *NICMU 

31!1111 WR!TE (I) (VAI,.U!CNPLUS+l),tal,NKMAK) 
CI,.O!,F. (UNITal) 
STOP 
fNI) 
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'ORTRAN IV-PLUS vgZ-'10 12151112 PAlil! I 
GRIDH.'TN /TR'SLOCKS/WR 

001113 
0Q.H'I4 

00"'5 
0006 
0001 
021011 
011l0q 
011H0 
0011 
0012 
0013 
0014 
001"1 
t!l0t6 
1!I011 
0018 
0019 
0020 
0021 
0022 
1Il0i3 
00"11 
;1025 
U2& 
nl1 
011J28 
0029 
0030 
"0~1 

e GRIDH.'lN c····.·.----··.········.·.·.·.····.············-.··.·· .....•••.••••.•.• -
C TMIS PROGRAM I!STIMATI!S VALUES AT REGULAR GRID 0' HEAD AT TO' OR 
C 80TTOM VARIOUI HYDROGI!OLOGIC UNITS, 
C 
C 8INARY 'ILl! 0' PROGRAM GRIOIT IS USED 'OR IDt~TI'YING 
C TM" ELEM!NTS ASSOCIATED wITH THI! GIV!N GRID AND ALSO THI! LOCAL 
C COOROINAT!S 0, GRID POINT AS RELATED TO THE GIVI!N EL!H!NT, 
C 
C USER SPECI'IES T~E INPUT 8INARy 'ILl! CONTAINING HEAD VALUES, 
C 
C 
C 8INARy OUTPUT 'ILE ·VALUE" CONTAINS GRID VALUES 'OR PLOTS. 
C 1. NXHAXCWInTH IN X DIRI!CTION),NYMAX(WIOTH IN Y-OIRECTION), 
C NUMBI!R 0' CHARACTERS IN TITL!,TITL! 
C 2. NUMBER 0' NYMAX RECOROS EACH CONTAINING NXMAX VALUES 
C e·--·····_···························_················ .•.. -.....••...••• 

BYT! INOUT,,zLf 
COMMON/A/N'LAG,NPRINT,NXMAX,NXMIN,NYMAX,NYMIN,N,r,NTOTAL,wT(T68), 

+lMAX,'ASE,TITLEC1""ILE(40"LtST(168),NEI!D,INOUT(T68) 
WRIT! (2,.) 'GRIOIT 'ILl! HAM! (WITHOUT".!XT"" 
READ (2,100) 'r~E 

lmm 'ORHAT (80Al) 
N • rCHR('ILE) 
N • N+l 
nL!(N) • '.' 
nLE(N+l) • 'G' 
PIL.I! (N.2) • 'R' 
'IL! (N.!) • '0' 
nPEN (UNIT.3,NAM!.'IL!,TYPE.'OLD','ORM.'UN'ORMATT!D~,R!ADONLY) 
FILE (N.!) • 'N' 
FILE(N.2) • '0' 
FIL!CN+31 • '0' 
OP~~ (UN!T.T,N'M~.'IL!,TYP!.'ULD',FORM.'UN'ORMATT!O',R!ADONLY) 
~E'O (3) NXMAx,NXMrN,NY~AX,NYMIN,NTDTAL,CLTST(t),I.t,NTOTAL) 
N!'-~ • NXMAX*HVMAX 
~JFLQ • 1 
til' (NEED.GT •• '!!) N~LQ • I 
CAL.L HRUD 
GO TO tlt0,120', N'LQ 

110 CALL GRI" 
GO TO 13111 

120 WRIT! (i,.) 'FYLE Q OIIK' 
REA" c~,., IUN 
CALL ASNLUN (l,'OP',tUN,ISTAT) 
CALL Dp,tLE (If'PLOT',!1~,,IPTR1) 
CALL IOROFLGI 

130 STOP 
!NO 

PROGRA'1 SECTIONS 

N'M~ SIll' ATTRlFlUTES 
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I'ORTIUN IV-PLUS VU-!lD UI!ZU2 
CRJDH.HN IT" IBLOCKIlIiI" 

ICOD!S UI!T2 In RW,I,CON,LCL 
IPOATA 1101106 S5 "w,D,CON,LCL 
IIflATA ~IIIlU 41 "W,D,CON,LCL 
IVARS "'114 6 RN,O,CON,LCL 
A lila."" ,ns ".,D,DVIt,IBL 

TOTAL SPACE ALLOeAT!O • 111641 1114 

NO ", INST~UCTIONS GENERATED 

,,-OCTe.,. 
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'OATAAN IY-PLUS V~2-!lD lIl!6"1 U-OCT-n PAlO! 1 
HAEAO.'TN ITAI8LOCKS/WA 

c H"EAD.'TN 
SUBROUTINE HRUD 0001 

0Ui . 
1Il0n 

8nl! INOUT, nL! 
COMHON/A/N'LAG,NPAINT,NXMAX,NXMIN,NYHAX,NYMIN,NPT,NTOTAL,wT(168), 

+WMAX,HMIN,TITL!(16l,'ILEC41),LISTC16S),NE!D,INOUTC16') 
001114 DIMENSION HEAD(2!61),NUMBERC2560"IOENT(T6S),DETAILC20),'ILE2(20) 

C ••••• - ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• --. 
C YERTICAL LOG DATA ASSUMING UNIFORM LOG IN THE REGION 
e •••••••••••••••••••••••••••.•••••••••••••••••••••••••••••••••••••• 

110! WRIT! (2,.) 'NAMEO'8INARY'ILEHAVINGHEAODATA' 
0006 RElD (2,16') 'ILl!a 
1101 WAITE (I,.) 'NPRINT,MAT.,NTDPCI-T,I.S),N'LAQC00Rl); 
0118 AEAD c".) NPRINT,NMAT,NTOP,N'LAG 
0009 N - ICHA(,ILE2) 
0010 OPEN (UNIT-l,NAME"ILE',TYPE-'OLD'"OAM,'UN,ORHATTEO',AEADONLY) 
0011 AEAD (t) (DETAILCI),I-',10),LNPT,CIDENT(I),I-l,LNPT) 
0012 AEAD (1) NTT,(NUM8ERCI),HEADCI',t'I,NTT) 
0013 WAITE (a,110) DETAIL 
0014 CLOSE (UNIT-I) 
001! I' (NPAINT.GE.I) PAINT 181, LNPT,(IDENTCI),I-l,LNPT) 
0016 IF CNPRINT.GE.l) PRINT 'ge, (NUH8!ACI),HEAOCI),I.l,NTT) 
0011 HMIN - S,0110 
0018 ~MAX • -t.0E10 
001~ DO t00 1-1,168 
0~20 101 WTCI]. 0.0 
00~t DO 140 X-',LNPT 
0022 N _ IOINT(l) 
00l] IF (N,EQ.I) GO TO 140 
0024 NN - N+2! 
002' 00 lSI L'N,NN 
00~6 NO _ NuMBeR(L) 
0027 LLL - ND/1101 
00lA NSUA • MoaCND,1001) 
00e9 Y' (NSUR,fQ.I) GO TO 1'1 
0030 I' (NMAT.NE.I.OR,NTOP.N!.,) GO TO 140 
0031 WTCI) - HEADCL-l) 
0032 INOuTCt) - 1 
0033 IF (NPRINT.IQ.2) PRINT 150, t,NUMBERCL-l),WTCI) 
0034 GO TO 120 
0035 110 tF (LLL.LT.NMAT) GO TO 130 
003b til' (LLL.lGl.NMU) tNOUTCI) -
0131 WTCt) • HEAD(L] 
0038 I' CNTOP.!Q.0.AND.NMAT,NE.0) WTCI) • HfADeL-I) 
0039 I' (NPRINT.I~.2) PRINT 150, I,NUM8IRCL),WTCI) 
0040 120 I' (HMIN.GT.WT(I» HMIN - WTCZ) 
0041 til' (MHAX.LT,WT(I)' HMAX • WT(I) 
0042 r.O TO 140 
0043 130 CONTTNUE 
0044 t40 CONTINU! 
0045 RE TuRN 
104b 150 FORMAT C' SUA'AC£ NODE',15,' NOD! SELECTEO',I5,' HEAO',610.3) 
0041 160 'OAMAT (20A4) 
0048 110 FOAMAT (20A4) 
0149 180 FOAMAT C' LNPT-',I!/200(20I!/)] 
0050 19' 'ORMAT (. HEAD VALUES READ 'ROH ~ISK·I,200(8(lS,G10.3)/) 
00~1 END 
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'Ol'TIUN TV-PLUS V02 .. 51D 12156131 U .. OCT .. n "AGE 2 
HRUD.II'TN IT III ULOCKS/Wlt 

"ROG'''" nCTlONS 

NAM! SIZI! ATTRUUTI!S 

.COO!S 001U6 .q!l IIw,l,CON,I.CL. 
'PDnA 011J1II116 H RW,D,CON,I.CL 
IIDAlA 1Il0QJi!OfJ II] RW,D,CDN,U:L 
.yARS 111412ft6 8539 IIW,D,CON,L.CL 
lTEMPS ecUJ0fJ4 2 RW,D,CON,LCL 
A ~126n U!IJ IIW,O,DYR,G"L 

TOTAL SPAC! ALLOCATeD • 156416 11'11 

,LF'.HRt:AD 
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... 

.... 

... 

FORTRAN IV-PLUS V~2.!lO 
ORID.,TN ITAIBLOCKS/WA 

0001 
1002 
l'HIJU 
e0U 

0005 
001116 
10"7 
1008 
1009 
0I/Jl111 
0011 
0012 
0013 
0014 
"'015 
0016 
0017 
00\8 
0019 
0020 
0ell 
00Z2 
00113 
00U 
0ell'5 
00P.6 
002T 
eus 
1/!0~9 

0030 
0031 
0032 

0033 
0034 
0015 
0036 
0037 
0038 
003ca 
0040 
0041 
0042 
0I!l43 
01/J44 
IU4! 
0046 
"'047 
0048 
0049 
01/J50 
0051 
0052 

C GRrD.FTN 
SUI'AOUTlNI! GAID 
INTI!GEA SCA,ETA 
I.'YT! INOUT,'II.! 
COMMON/A/NFI.AG,NPRINT,NXMAX,NXMIN,NYMAX,NYMIN,NPT,NTOTAL,WT(?68), 

+ZMA.,BASf,TITLE(16),'IL!(40),LIST(T •• "NEEO,INOUT(?68) 
DIM!NSION VALUEC'T!ll,NOD(4),SCA(4),!TA(4) 
DATA SCA/1,-I,-1,11 
nATA !TA/1,1,-1,-11 
00 11/J1! I-I,NE!!) 

100 VALUEC!) _ 0. 
00 140 INOOE-l,91ee 
REAO (3,fNO-151) NW,Ny,NOD,SC,!T 
IF CNPAINT.GI!.3) PRINT Ill, INOOI!,NX,NY,NOO,IC,IT 

110 'ORMAT Co INODE',?I!,2!12.]) 
SUM • 1!l.0 
Il'LlQ _ 91 
"0 \20 J-l,4 

til/) I' (INOUT(NOO(J)',I!Q.I) I,LAG - I'LAG+l 
IF (I'LA;.L£.21 GO TO 141 
00 130 J.l,4 
K - NODeJ) 
SUM. SUM+.2SeCl+8C.SCA(J),*el+!Tt!TA(J)'tWTCK) 

In CONTINUE 
VALUECCNY-lltNXMAX+NX) - SUM 

140 CONTINUE 
150 CLOSE tUNIT-3) 

IF (NFLAG.!Q.I' 00 TO lTe 
00 160 l-l,NTOTAL 
READ (T,fND-1TI) K,X,Y 
NX _ INTCX+'.')-NXMIN+l 
NY • INT(Y+0.!)-NYMIN 
IJ • NYtNXMAX+NX 
" (NPRINT.GE.l) WRIT! (.,e) 'NOO!',K,iAV,HEADi,VlLUE(IJ),'NODI H' 

+,WT(I<) 
160 VALU!CIJ). WTCK) 
tT0 IMAX. -1.0Ell 

lMIN - I.EU 
1)0 1II1II I-l,NYMU 
NPLUS - (I-lltNXMAX 
00 180 J-l,NXMAlC 
VAL. VALUE(NPLUS+J) 
I' CVAL.LT.ZMIN) ZHIN - VAL 

180 IF (VAL,GT.ZMAX) IMAX • VAL 
I' tNPAINT.NI!.01 PAINT 190 
WRITE f2,t) -RElnlN;OFFILEPOINTSCOMPLETED" 
OPEN CUNIT.!,NAM!-·VALU!",TYPE-·NEW",'ORM.·UN'OR~ATTED·) 

19m 'ORMAT CO REAOINm OF 'ILl! "POINTS" COMPLETED'/) 
IF (NPRINT~LE.t) GO TO 220 
DO i!1210 I-lrNYMAX 
NSTAAT • (I-1)tNXMAX+l 
NSTOP • NSTART+NXMAX-l 

203 'RINT Zl0, I,CVALUECJ),J-NSTART,NSTOP) 
Zit 'OAMAT (/I5,10G10.3/,20(5X,1IGl0.3/)' 
~20 IF CNPAINT.NE.0) PRINT *, 0 POINTS IN X-OIRECTION",NXMAX,- Y-DIREC 

+TInN·,NYMAX," MINIMUM VALUI! OF THE PlRAMETER-,ZMIN," MAXIMUM VlLUE 
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FORTRAN IV-PLUS V~2.!10 1'15614' 
GRID.,TN ITAIBLOCKS/WII 

·',ZIoIAX 
00!3 WRYT! (2,.) 'NXMAX,NYMAX,ZMIN,2MAXi,NXMAX,NYMAX,ZMIN,ZMAX 
00~4 ~O 2]0 Jtt,NYMAX 
00~5 NPLUS t (J.')tNX"AX 
00~~ 1]0 WRtT! (5) (VALU!(NPLU.+Z),Ztl,NXMAX) 
00~T CL~S! (UNIT.!) 
00~8 RETURN 
00'9 !NO 

PR~GRAM SECTIONS 

NAME tUl! AHIIIBUTU 

SCODEl 002214 !82 Ih/,l,CON,LCL 
SPDAU ~00i?'5f1 n RW,D,CON,LC\. 
UDUA Ql1tl0162 !T RW,D,CON,LCL 
IVARS- Qlb4T02 U!3T RW,D,CON,LCL 
A 0126U an3 RIf,D,OVR,GBL 

TOTAL SPACE ALLOCATED t 1023'1 "116 
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... 

•• 

~ORTRAN IY-PLUS Y02-,tD !2151t13 
GRDFLQ.FTN ITAIBLOCKS/WIt 

00el 
01211112 
1210121] 

0004 
121121 III 5 
121006 
00"" 
001'1" 
0009 
1Il01111 
I!JIIlIl 
1012 
0013 
1Il12l14 
1')12115 
00,., 
0011 
0018 
0019 
002D1 
13021 
CIJII122 
111023 
0024 
0025 
'H112, 
Ql021 
011.128 
£11029 
1'1030 
00~1 
00J;! 
012133 
0034 
0035 
0016 
Ql031 
1Il0le 
111039 
"1214111 
0041 
I!l 121 42 
0043 
lieu 
0045 

0046 
004 , 
0048 
lIleo. 
121050 
0051 
0052 
005] 

C GRD'LQ.'TN 
SUBROUTINE GRD'LQ 
8YT! INOUT,FIL! 
COM~ON/A/NFLAG,NPArNT,NXMAX,NKM!N,NYMAX,NYMIN,NPT,NTOTAL,NTC'6S), 
.ZMAX,8A8!,T!TL!(16)"!LE(40',LIST('6S),NEED,INOUT('~S) 

INT[GER SCA,UA 
DIMfNsrON NOO(4),SCA(4),ETA(4),YALU!CZ56e) 
DATA SCA/I,-I,-I,11 
DATA ETA/l,I,-l,-,' 
CALL n~R (IPTR1,1.,YALUE,!121.) 
NAA - 1. 
on 140 INODE-l,.00B 
READ (!,ENO-1SI) NX,Ny,NOO,SC,ET 
IF CNPRINT.GE.J) PRINT lee, INOO!,NX,NV,NOD,8C,ET 

100 FORMAT C' INODE',7I!,ZE12.!) 
SUM - 0.0 
I'LA!; - I!J 
no 110 J-l,4 

110 IF (INOUTCNOO(J),.EQ.l) I~LAG - I~LAG+I 
IF (IFLAG.LI.2) GO TO 141 
00 ,20 J-l,4 
I( - NQO(J) 
SUM _ IUM+.25*Cl+SC,SCAtJ»*tl+ET.ETA(J».WT(K) 

1 i!0 CONTINUE 
NR _ l+tNY-l)110 
IF (NR.EQ.NRR) GO TO 130 
CALL DPW (IPTRt,(NRR-ll*20.+I,VALUE,5121., 
CALL DPR CIPTR1,CNR-l)*21.+1,YALUE,5120.) 
NRR • NA 

130 1(1( _ (NV-(NR-"*10.)*i56.+NX 
VALUE(U, - SUM 

140 CONTINUE 
150 CL08E tUNIT-') 

IF (NFLAO.EQ.0) GO TO lS0 
00 t'0 I-l,NTOTAL 
READ (',END-lSI) K,X,y 
PRINT ., 'K,X,V',K,X,V 
NX _ INTCX+0.5)·NXMIN+l 
NY • INTCV+0.5)-NVMIN 
NR • l+NV 11111 
PAtNT *, 'NX,NY,NR',NX,NV,NR 
tF (NR.EQ.NRR) GO TO 160 
CALL OPW (IPTR1,t+CHRR-l).21.,VALUI,S120.) 
CALL OPR (IPTR1,1+CNR.l)*2~.,VALUE,!t20.' 
NRIII • NR 

160 NK _ tNY-CNR·l'*10'*2!'.~X 
I~ (NPRINT.G!.l) WRIT! (2,*) 'NOD!~.K,~AY.HEAD',YALUE(KK),;NDO! H' 

+,WT(K] 
110 VAlU!(KK) - WTCK) 
180 CALL O,w (IPTR1,(NRR-l).20+t.,VAlU!,!120.) 

ZMAl( • -1.0!10 
ZMIN - I.EU 
00 190 J-l,NVMA)( 
CALL CPR (IPTAt,CJ-I].Z+1.,YALUE,512.] 
00 19121 I-l,NXMU 
VAL - vALUEeJ) 
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0054 
11I01!~ 
015, 
115' 
'8S8 
0159 
00fl11 

0111U 
111062 
00'1 

PROGRAI4 

NAM! 

ICODEI 
'PDAT A 
1I0ATl 
IVARS 
ITlMPS 
A 

In 

200 

!, (VAL.LT.ZMIN) ZMIN • V4L 
I' fVAL.GT.ZMAW, ZMAW • VAL 
I' (NPRI~T.~E.') ~RINT 1'1 
WRIT~ tl.*) 'READING 0' FILE POINTS COMPLETED' 
'DRMAT C- READING 0, FILE "POINTS· COM'LETEO'/) 
I' (~P.INT,LE.l' ao TO 211 

ZlI !F tNPRINT.N!.~] P~INT ., , POINT. IN X-DIRECTION',NXHAW,' Y-OIRtC 
.TION·,~YMAW,' MINIMUM VALUE 0' TME PARAHETER',ZMIN,' MAXIMUM VALUE 
.·,IMAX 

WRITE CI,.) 'NXMAW,NYMAX,ZM!N,ZMAWi,NXMAX,NYMAX,ZMIN,ZMAX 
RETURN 
END 

SECTtmJS 

SIZ! ATTRUUTU 

~el5tl1l 'h IIIWtI,CON,LCL 
11101310 llJi11 IIIw,D,CON,LCL 
11Iet11144 50 RW,D,CON,LCL 
1124112 ~U., "H,a,CON,LCL 
"0""'04 Z RW,D,CON,LCL 
0!l6llJ2 215] RW,D,OVR,G8L 

TOTAL SPACE ALLOCATED. 842114 8138 

tc:p', -GRD'I.Q 
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.... 

... 

FORTR.N IV-PLUS V~2.51D 12151131 
PLO,8C.~TN ITRI8LOCKS/W_ 

00111 
£1002 
e0l!l3 • 

* • • 
0004 
eus '" 

• 
000b 

0001 
0008 
II'ln9 
0010 
0011 
0eu 
0013 
0eu 
0el!! 
00U 
0017 
0018 
00U 
0020 
0021 
0e22 
0023 
0024 
£I02!! 
002& 
0el!? 
0029 
0029 
13030 
0031 
13032 
0033 
0034 
C"035 
003& 
0031 
0038 
£1039 
0040 
004 t 
00112 
0043 
0044 
0045 
004& 

C PLOT8C.FTN 
c·········-······························.········· __ · ..•....•.•...•.•.. 
e T~IS PROG_AMS PLOTS TME BOUNDARY CDNDITIONS SP!CIFIED FDA 3D MODEL 
C-·N----.... -....... ---.. -.-.-.. -.... -..... -.--~ .. --.. -.~.~ ...... _ ..... . 

REAL NIN!32,NINE8 
INCLUDE -r311,3JHDR,FTN' 
COMMON/HDR/LNPT,NTT,NBPTC,NBFPTC,NSTREM,NPT,NSEL!M,N!L!M,NODMAX, 

.NONZER,NQD,MATN,KTYPE,NMA.,NITIF,NTIME,NSTORE,NDUM,TITLE(Z0), 
'OP1,OP2,OP3,DP4,~P5,OP6,OP1,OP8q,OP10,DPtl,DP12,DPt3,DP14,DPt5, 
*OPI6,DP1',OP18,NTSURF,NE8UAF 

INeLUDE 't311,1IP3I,FTN' 
r.O~MON/P'I/NSTEOV,ITDTAL,NQWCP,NQ,MNTRy,ITT,NHeOND,NFDUM,TT(10), 

.OET A IL (20) 
DIMENSION XX(tZ80),YY(1280),lZe1280),YDC!),Ae2"NOD8eTb.), 

tBIV(168),CO NCtN(1),'IL!(1),WDtZ),TDATAC20),IDENT(T.8), 
+NUM(25b0),TIME(4' 

DATA TIME/'TIM!',' STEt,"~ ',' ~I 
WRIT! (2,.) 'PLOT TITL! MAWIMUM OF 80 CHARACT!RS' 
R!AD (2,t80) TOAfA 
WRIT! (2,.) 'ENT!" FILE-Q OISK UNIT­
RUO u,.) IUN 
l~ (IUN,NE,S) CALL AIN~UN (t,'OP',JUN,I'TAT) 
CALL DP'ILE (1,'OESCRIP·,25.,IPTR1) 
CALL D'R (IPTRt,0"LNPT,92,> 
CALL DPR (IPTR1,1.,NUH,25b0., 
CALL DPR (lPTR1,11"IO!NT,7~8.) 
CALL O~'ILE (t,'OTANOQS',OP5,IPTRS) 
CALL OPFIL! (t,'BOUNDCONO',DP7,lPTR1) 
CALL DPR (I~TR5,e.,NST[DY,188.) 
IF (NH80NO,[Q.0) GO TO 100 
WR!T! f2,.) 'VAR!AaLE H!LD8C- PLOTALLC-') OR SPECIFICC-TIM!STEP)' 
AEAD (2,*) IST!PS I' (ISTEPs.eQ.0) ISTEPS - ITOTAL 

100 CALL DPR CIPTR1,0.,Nooa,7bS.) 
CALL DP~ILE Cl,'XYZCOR',DP3,IPTR3) 
CALL DPR (IPTR3,0.,ZZ,2560,) 
CALL DPR (IPTR3,10.,MX,25b0.' 
CALL OPR (IPTR1,40.,Vy,2560.) 
WRIT! (2,*) 'PLOTTING ICAL! • Ct)HORJZONTAL (Z)V!RTtCAL' 
READ (Z,*) 'ACTOR,'ACTZ 
WRITE (2~*) 'ENTER PLOTTING DEVICE 0-TG I.XY I-DISk' 
R!An (2,.) IOEV 
I' (IOEV.EG,0) CALL ASNLUN (!,'TG',e,ISTAT) 
IF (IO!V.EQ.1, CALL ASNLUN (3,'XY',e,ISTAT) 
t, CID!V.NE.2) GO TO 110 
CALL ASNLUN (],'OP',0,I8TAT) 
wRIT£ (2,.) 'ENT!R PLOT~IL! NAME' 
AEA" (Z,180) FILE 
N _ IC~R(FILE) 

OPF.N (UNIT.3,NAME.FIL!,TYP[-'NEW','ORM.'UNFORMATTEO') 
110 FIveS - 5./8, 

NINE!2 • 9.132. 
CALL PLOTS (0.,O.,3) 
CALL N[WPEN (NPENZ) 
WRIT! (2,.) 'N8PTC',NBPTC 
18EG - 1 
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004? IF (IST!PS.NI.I) IB!; • IST!P! 
0048 00 t71 Ir.I8!Q,JIT!P! 
0049 IF (NHSOND.!Q.t) CALL DPA (IPTR5,(IT.l,*6,.1821.,SIV,N8PTe*Z.) 
0050 IF (NHSOND.EQ.I) CALL DPA (!PTR7,3.,IXV,NSPTC*I.) 
0051 LAST • qq9 
0052 NRR • , 
0053 MAX • 1281 
0054 .MIN • 1.!18 
0055 YMIN • 1.E18 
00!6 DO 140 I.1,N8PTC 
0057 J • NODS(I) 
0058 IF CJ,,.Q.0) ;0 TO 150 
0059 NA • (J-l)/MAX 
0061 IF (NR,!Q.NAR) GO TD 120 
0161 ADD • NR_,0. 
0062 CALL OPR (IPTA1,e,.ADO,ZZ,'!61,) 
006] CALL OPR (IPTR1,Z',.ADD,XX,256I,l 
0064 CALL DPR (IPTR3,4 •••• DD,VY,Z5.'.) 
0065 NAA • NR 
006& 120 N. NUM(J) 
00~7 JJ • J-NR*M •• 
0068 ADO. lZ(JJ)-F.CTZ 
00&9 •• XX(JJ)*FACTOR 
0070 V • YVCJJ)*FACTOR+ADO 
0071 IF (X,LT.XMIN) XMIN •• 
1071 IF (Y.LT,YM!N) YM!N • Y 
0173 NP • MOD(N,1011) 
00?4 IF (NP,NE.LAaT) GO TO lSI 
00?' CALL PLOT (XIAvE,yaAvE,S) 
0076 C.lL PLOT (x,Y,Z) 
P0?? tll xaAvE. X 
e0?a YSAV! • V 
0179 CALL SVM80L (x,Y"I?,I,I.I,-l) 
008~ AJ • N 
0081 X • X.,08 
00el C.LL NUM8ER (X,Y,,01,.J,0,0,-I, 
0083 X • X+0.3 
~~84 AJ • SIV(I) 
00h5 CALL NUMBER (X,V,.ll,AJ,I,0,1) 
01!6 L.ST • NP 
0081 140 CONTINUe 
0088 15~ N. ICHR2(TDAT') 
~0e9 VMIN • YMIN-l,1 
0090 CALL SVM80L (XM!N,YMIN,,11,TDAT.,I.I,N] 
0011 IF (NH80ND.!Q,I, GO TO 1~0 
~1'2 CALL SVM~OL (XMtN,VMIN-.2,,11,T!M!,e,I,9' 
119] AL • IT 
1194 CALL NUM8ER (1,0,YMIN-l.,.I?,AL, •• I,-1] 
0095 161 CALL PLOT NO 
10~6 171 CONTINue 
0091 aTOP 
0098 181 FORMAT (20A4) 
0099 END 

PROGRAM SECTIONS 
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'ORTIUN JV-PLUS VU-!lO 121S1nl 16-0CT-n PAGe: ] 
pIoOTBc.nN ITRI~LOCKSlWR 

NAM! ut! ATTRUUT!S 

SCOO!l 1111112 n III U& Rw,t,CON,LCL 
SPDAU GI 111111 5'2 181 RW,D,CON,LCL. 
nOUA 000562 1n RIoI,D,CON,LCL. 
'VARS 064420 13448 "w,D,eON,LCI. 
lTEMPS 1lI01!l01l14 2 Rw,D,CON,LCL 
HOlt 1!10I/l i!J1l 94 Rw,D,OYR,GIIL 
PH 000'510 188 Itw,O,OVR,GI!IL 

TOTAL SPACE ALLOCATED 8 0714)4 14734 

,L"18PLOTBC 
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'ORT~AN IV-PLUS V02-510 111,111' PAG! 1 
PL'LUX.FTN ITRI8LOCKS/WR 

C PL'LUlC.FTN 
C··~·····.···--······~-···--·····-~··-·······---·-··-· ....•....••......• 
C PROGRA" TO PLOT SURFACE AND PRESCRIBED FLUX RATES IN VARIOUS LAYER 
c·····--··~--·-~······-····························--· ..•.••..••.......• 

0001 REAL NtN!32,NINEI 
1002 CO"MON/HDR/LNPT,NTT,NBPTC,NBFPTC,NSTREM,NPT,NSILIH,N!LIM,NODMAX, 

+NONZER,NQ1,MATN,KTYPE,NHAX,NSTI"NTIME,N8TORI,NOUH,TITLECII, 
'103 DIMENSION •• (~e')'YY('II),NOO(16),JN(16"MIXNOD(.', 

+XMID(501),YMIOf511),NAMI(SII"HCC(I"LLCY),ZZCY),YOCI"ACI), 
+ CONCEN('),'lL!(",XD(I),Q(411),DETAJLC21) 

el04 WRITE f2,.) 'TYPETITLIO'PLOTHAXIMUMO'IICHARACTERS' 
0015 READ (Z,450, D!TAIL 
010~ WRITE C2,.) 'SUR'ACEFLUXCel)ORELEHENT'LUX(el)' 
0el1 READ (P,., N'x 
00~8 I' eN,.,!Q •• ) GD TO 121 

C PLOTTING THE SUMQ VALUES 
00P9 OPEN (UNIT.4,NAM!.'STRESS,CRD',TYPE.iOLO',REAOONLY) 
0010 WAIT! (2,.' 'NY!AR,NMATCleGLACIAL,leMAmOTHY" 
001t READ (2,.' NYEAR,N"AT 
01'2 no tl0 Ke l,NYEAR 
1011 REAn (4,111, Q 
10t4 IF (NY!AR.EQ.K.ANO.NMAT.EQ.t) GO TO 131 
0015 1~0 REAO C4,111) Q 
10t6 aD TO 1]0 
1011 11' 'ORHAT C12F'I.I) 
0018 128 WAIT! C2,.) 'ENTER THE FI~!.Q DISK UNIT' 
0019 RIA~ (I,.) IUN 
00?0 IF (tUN.NE.l) C4LL AIN~UN Cl,'Opl,JUN,ISTAT) 
~021 CALL DPFfL! (1,'DI8CRIP',2!.,IPTRI' 
0022 CALL OPR (IPTR1,e.,~NPT,sa., 
0011 CALL OP,tLE (l,'DTANO;I',tJlt"IPTR!) 
0024 CALL OPR (IPTR5,1111.,Q,.tl.) 
0025 130 WRITE (2,.' 'ENT!R INPUT 'ILE NAMr~ 

c-··---··-·--····-·····.·-.··.·-··-·-·-·.-····.·~.··· •....•..•.••..•..•. 
C THIS FILE 18 TM! SAMI AS USID ~OR J.D 'INIT! ELEMENT SOLUTION 
e·--····-.·······--.··············-·-_··.·.··········· •.•.•..•.••.•...•• 

002. READ (1,.'1) 'IL! 
102T N • ICHA(FILE) 
101A OPEN (UNIT-5,NAM!e'ILI,TY'I.'OLD',REAOONLY) 
A0Z' WRtTE (2,.) 'NPRINT(I,I),NEL!MPCleNO,l.YIS,' 
0030 READ (2,., NPRtNT,NELEMP 

e--····-·----·--·-----·-~·····-·-------·.-·-----·----· ... --........... -. C FACTOR • CONVERSION 'ACTOR IN ADDITION TO "XYCONV" 'DR x- AND y. 
C COORDINATES. c.-··_·-----.-··--·_·-.·_·---·····_----.. -------·_·-_·---. __ ._ .... _--.-. 

0111 WRIT! (2,*' "ACTOR' 
0132 REA~ C2,.) 'ACTOR 
0033 WRITE (2,*' 'NPEN1,NPEH2,NPEN1' 
e014 REA~ (~,., NPEN1,~P!N2,NPEN3 
0035 PRINT *, • HORIZDNTAL 'ACTOR.·,'ACTOR 
00!6 WRITE f2,.) 'ENT!R PLOTTING DEVICE m.TG l-XY 2'DISK' 
0037 poo (t',., IOEV 
0038 t, (IOEV.!Q.0) CALL ASNLUN (3,'TG',0,ISTAT) 
0039 If (IDEV.EQ.l) CALL ASNLUN (3,'XV',0,ISTAT) 
0000 IF (IO!V.NE.2) GO TO 140 
0041 CALL ASNLUN (3,'np',0,I8TAT) 
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0042 WRIT! (2,1) 'INTER PLOT FIL! NAM!; 
0043 REAO (2,450) FILE 
0044 N * ICHR(FIL!) 
0045 OPEN (UNIT*3,NAM!*FIL!,TYPE*'N!W',FORMa'UNFORMATTED') 
0046 t40 FIY!S * s./a. . 
0041 NIN~32 * ',/32. 
0048 CALL PLOTS (0.,O.,3) 
0049 CALL N!W'!N (NP!NI' 
eeS0 VO(I) _ FACTOR-.91Ie.1 
ee51 CALL PLOT (YD(I),YO(l),!, 
0152 VD(21 * FACTORtllseIA. 
0053 CALL PLOT (VO(2),YDel),I) 
00'. YOel) * 0.0 
0155 CALL PLOT (YO(I),YOel),I) 
e056 YDCI) - 0.0-
e0" CALL PLOT (YD(2),YO(I),I) 
00S8 READ (5,450) TITLE 
00~9 R!AD (5,4&0) Nl!LEY,KTVPl,P!RCON,XYCONY,tCONY,HCONV,NS!A 
0060 150 REAO (5,.,1) NIEC 
0061 IF (NS!C,N!.0) GO TO 160 
0062 REAO (5,490) DUMMY 
0063 GO TO 150 
0064 l60 A!A~ (5,480) NS!C,K,X,V,WTT,8ED,N88,LMAX,(LLCJ),ZZ(J),J*1,LMAX) 
0065 IF (NIIC.NE.0) GO TO 181 
0066 IF (NPRINT.NI.0) PRINT 111, K,X,Y,LMAX,CLLCJ),ZZCJ),J-l,LMAX) 
00&1 110 FORMAT C' K',l.,· X',FI,I,' V',F ••• ,' LMAX',IJ,'LL+ZZ',11CIS"a,l) +, 
0068 IF (KTYPE,!Q,2) READ CS,.'0) (CONC!N(J),J-l,LMAX) 
0069 XX(K) * XtXYCONVI,ACTOR 
0e10 YVrK) • VtXYCONVI'ACTOR 
0e71 NTT * NTT.l 
0072 GO TO 160 
0073 181 ~EAO (5,410] NS!C 
0014 r~ (NS!C.!Q.0) GO TO ,al 
00T5 IF (NS~C.!Q,J,O~.NIEC.EQ.4) GO TO 180 
0016 DO .31 IE_l,lee,. 
00?1 CALL N!WPEN (NPENt) 
~0?8 X * 0.0 
e07, Y * 0,0 
0A~~ DO 1'0 J-l,16 
00~1 1'0 NOD(J) * 0 
00A2 READ (5,500) N8EC,N!,Nl,NN,(NOO(J],J-I,NN) 
10Rl I' fNS!C.N!.0] GO TO 440 
AI8A I~ (Nl.!Q,0) READ (5,510] (MIXNOO(J),J*,,4' 
0085 J * I 
00~6 INfJ) - NOD(I) 
0087 IF tNOD('].EQ.0] GO TO 200 
0088 J - J+t 
0089 TNtJ) - NOD(" 
0090 200 IF (NOD(5).EQ.0) GO TO 210 
10'1 J * J+l 
009a tNtJ) - NOD(S) 
~0'3 210 y, tNOD(l0).~Q.0) GO TO 220 
0094 J - J+t 
0095 INCJ) • NOD(10' 
0096 121 J - J+t 
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0091 INCJ) • NOO(2) 
009a IF (NOD(15).EQ.0) GO TO 231 
1099 J • J+l 
"'!Pl0 INU) • NOO(15) 
01"'1 &'30 IF (NOO(R).EQ.0) GO TO 240 
0U2 J • J+I 
0103 INfJ) • NO~ (a) 
01011 P110 tF (NOD (U) .EO.") GO TO 250 
011/15 J • J+l 
01"'6 IN(J) • NOO(16) 
011111 ;!S0 J • HI 
0108 INCJ) • NOO(3) 
0U9 III' ,(N00(12) .EGl.0) GO TO 2U 
0lU J • HI 
0111 INtJ) • ~OO(12) 
0112 260 tF (NOO(ft).EQ.0) GO TO 210 
0113 J - J+l 
0114 IN (J) • NOD(ft) 
0115 27111 IF rNOO(11).!Q.I) GO TO 2n 
011(, J • J+' 
0111 tNfJ) • NOOUo 
0118 280 J • J+l 
0119 JNfJ) • NOD(4) 
0120 IF (NOO(14).EQ.0) GO TO in0 
0121 J • J+l 
"'In INeJ) • NOO(14) 
0123 nil IF (NOO(1).£Q.0) GO TO 301 
0124 J - J+l 
01t15 INCJ) • NOO(1) 
"'12ft 300 IF (NOO(13).EQ.0) GO TO ]UI 
0121 .r • J+l 
01i'8 INCJ) • NOO(1]) 
"'129 3H1 LAn. J 
01'0 CALL N!WPEN (NPEN]) 
0131 J • INfLAST) 
0132 IF (NELEHP.!Q.0) GO TO ]30 
0133 CALL PLOT (xxtJ),YY(J),]) 
0134 DO 320 I-l,LAST 
0135 J _ INO) 
0136 CALL PLOT (XX(J),YV(J),2) 
013'7 320 CONTINUE 
0138 He no 420 I-l,NN 
0139 I( • NOnCI) 
111140 11" (1(.!O.0) GO TO /l2D.! 
0141 IF U.r.T.4) GO TO 391'1 
"'142 8ETA • 0.0 
0143 I0IlI0IlI0Il - Nl 
111144 IF (Nl.Ne.l) GO TO 340 
1/1145 MCOOE • MIXNOO(I' 
01 4 6 MCt(l) • MCODE/I1110 
01 41 MCC(2) • MCOOE/la.MCC(1)*10 
Pll118 340 no 380 Lohl,2 
0149 I~ (Nl.EQ.0) MMM • MCCCLT) 
01'50 GO TO (1'50,160,310), MMM 
01~1 350 8ETA • BEU+'.'5 
01~2 GO TO 3M! 
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015] ]~0 8ETA. 8ETA.0.5 
0154 GO TO 38~ 
0155 370 BETA. BETA.FIV!S 
01~~ 380 CONTINU! 
0157 FACT. 8ETA*0.25 
01'~ GO TO 410 
~15~ ]~0 r, (ttGT.S) GO TO 400 
01~0 FACT. 0.5 
01~t AO TO 410 
01~2 Q00 FACT. NtN~]2 

U-OCT-n PAGE 4 

01~3 410 IF fK.LE.0.0A.K.GT.~00) PAINT *, 'K',K,IE,(NOOCJ),J.l,NN) 
0164 X • X+XX(K).FACT 
0165 V • V+VV(K).'ACT 
016& G?0 CONTINUE 
el~7 CALL N!WPEN (NPENZ) 
0168 AJ • N! 

C X • X - .15 
C I'(NE.GT.9)X • X -.05 
C r'(NE.GT.18e)x • X •• 075 

0169 CALL NUMBER (X,V,,15,AJ,0,0,.I) 
0111 IF CQ(NE),EQ.I.0) GO TO 4J0 
0171 QJ • Q(NE)*36500 
0172 IF CNFX.NE.I) QJ • Q(NE) 
011] Y • Y-.l 
0114 CALL NEWPEN (NP!N2) 
0t15 CALL NUM8ER (X,Y,.IT,QJ,0,0,1) 
0116 430 CONTINUE 
e117 440 NfL!M. If-I 
0178 PRINT ., N!LEM,'TOTAL ELEMENTS' 
0179 N • IC~A2(DETA!L) 
0180 CALL SYMBOL (.e,.2,.07,DETAIL,I.0,N) 
1181 CALL PLOTNO 
0182 STOP 
018] 450 FORMAT (l0A4) 
A184 460 'ORMAT (215,4'10.1,15) 
0185 470 FORMAT (11) 
0186 4S0 FORMAT (ll,14,4F10,2,315,/2(6('8.1,15)/») 
0187 490 FORMAT (16'5.0) 
0188 500 FORMAT (11,14,1515/1615) 
0189 510 'ORMAT (tbI5) 
0190 END 

PROG~'M SECTIONS 

NAME SIZ! ATTRIBUTES 

SCOOEI 0054'" 1431 RIrI,I,CONd.CL 
SPDA" 001l1e.fJ4 eu RIrI,O,CON,LCL 
SlOAU 1'11'10576 \91 Air/,O,CON,LeL 
svu~ fl!270J6 5903 RW,D,CON,LCL 
STEMPS 0111000i! 1 AW,O,CON,LCL 
HOR 010"164 '58 Rw,n,OVR,GRL 

TOUL SPACE ALLOCATE.D • 03&364 761112 
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10.1 GENERAL 

10.0 SIMPLE ILLUSTRATIVE EXAMPLES OF INPUT DATA AND 
EXECUTION OF FE3DGW 

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, user1s 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 II.PRP) and PRI (designated 
with extension II.P3I II ) 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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tELD P01BfTIfL ( • m 

o. I£I..D POTENTlfl. cue FT) 

SCflLE 
1.1 21 qm 
I I I 

VERT. SCALE 
0.0 200 ~0 
I I I 

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 DP1:[311,3JPROG1/TASK= ••• PRl 

MCR)INS DP1:[311,3JPROG2/TASK= ••• PR2 

MCR)INS DP1:r311,3JBAND/TASK= ••• BND 

MCR)INS DP1:r311,3JPROG3I/TASK= ••• P3I 

MCR>INS [l"Pl :[311, 3JPROG3/TASK= ••• 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 4·004) 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.P31 (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.P31 (Table 10.7) in P3I and then executing PR3 (Table 10.8). 
Because TRANSIENT.P31 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. 
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TABLE 10.2. One Linear Element (LINEAR.PR1) 

LINEAR ELEMENT II LAY~RS WITH HfLD 8.C. U t SURFACE AND ,US[ , III '.o 1,~ ',0 1,0 
0 1 IMAGINARY MATEQAtL wITH ALL P~OP£RTlfS E~UAL TO liNt TV 

1.PI 1,0 1.0 .25 ,00"1'101 0.0 • "'001t'10t 
13 2 tHAGINARY MATE~lA~ WITH ALL PROPE~TI~S [~UAL TO UNITY 

1.111 l.t!! 1,111 .25 ,01110"''''1 1'1.0 , Q!01110'l1l 
13 J IMAGINARy MATEQIAL wITH ALL '~OPERTIES EQUAL TO UNITY 

1.111 1.'" 1,0 ,a, ,1IGJ01U11 0.0 .nt.,,,,,,,,! 
0 Q tMA~rNARy M4TERIAL WITH ALL PRUPE~TIES EQUAL TO UNITY 

1,0 I,ll! t.0 .25 .01'1011101 01.0 • 30C!!11I01 

'" 5 IMAGINARy MAT~QtAL WITH ALL PQOrERTIES EQUAL TO UNITY 
t.0 1,0 1. ill ,25 ."'1111''''01 0.0 ,(lI00001 

t 'SWITCH FOR NODAL OA" AND END OF PROPETlES 
0 1 01,0 11I • .cl 0,11 0.0 1 5 1111 

4Q!0,11I 0102 3(;1~,0 ?Ii!03 U",3 uu 1011,0 tII4 0 III 0.0 
0 2 10G1.1 '1.',0 0,0 e,C!! 1 5 1111 

41110.0 Qlt~2 ]DlOI,GI Dl203 2001,0 Ql3111Cl 100.0 011010 t'I,('l 

:3 101'1," 1 I!IOI ,I!l ot,0 0,0 1 '3 01 
40"',0 0102 ]i1'0!,0 IIJ2 03 "0t:11, 0 GlU4 100 ,II t!l4f.l0 0.(/1 

0 4 0,e 1~~.0I 0.'" 0,P! 1 5 1111 
400.0 0102 30Q1.0 111203 2111~.'" 0384 I0C1l , III UI1II/1 0.01 

2 

1 4~DI.0 

? UIl'I,r 
J 4010,fI\ 
4 1100.0 

1IJ411101 III.' 
04002 111.0 
ullin 0,0 
'4094 0.0 , 
III II 3 4 
6 

,0afill"001 

.0111o",,11101 

,1111/100001 

, t'J00030t 

.~"00"'l/It 

TABLE 10.3. PROG31 Input File (HSTEAOY.P3I) for Steady State Simulation 

~lLE NAH!_ HST!Anv.p~J 

, ~I PILE •• STEAnv STATE ~LOW •••• 9U~FAC~ ANO FLEMENT FLUX • 0.01 
ROG 0 III 1 1 ~ 0 0'NST!~y,ITOTAL,NQW~P,NQ,MNT~y,NH80Nn,NTExp 
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TABLE 10.4. Interactive Execution of Steady State Using LINEAR.PR1 
and HSTEADY.P3I 

MCR>PRl 
ENTER FILE-Q DISK UNIT 

2 
ENTER INPUT FILE NAME 

LINEAR.PRl 
NPRINT(O,S),NPINCH(O=MISSING MATERIAL BY WEDGED ELEH,1=OTHERWISE' 

3,0 
NEW PROBLEM(=O) OR INPUT MODIFICATION(=1) 

o 
••• PRI STOP 

MCR>PR2 
ENTER FILE-Q DISK UNIT 

ENTER PllINT OPTION (0,1. 2) 
o 
••• PR2 STOP 

MCR>BND 
ENTER FILE-Q DISK UNIT 

2 
ENTER P~INT OPTION(0,1,2) 

o 
••• [lND STOP 

MCR}P3I 
ENTER FILE-Q DISK UNIT 

2 
ENTER INPUT FILE NAME 

HSTEADY.P31 
ENTER PRINT OPTION(O,1,2) 

o 
NEW TITLE(l=Y,O=N) 

o 
NSTEDY 0 ITOTAL 

o NTEXP 0 
••• F'3I STOP 

MCR>PR3 
ENTER FILE-Il DISK UNIT 

o Nowcr 1 Nil 1 MNTRY 

PRINT OPTION (NORMAL= 1, FOR DEBUG = 2 , NO OUTPUT=O) 
NBEGIN(NORMAL= 1 AND FOR RESTART = SUBROUTINE IN MAIN) 
IT=TIME STEP TO START (NORMAL=1,RESTART=TIME STEP) 
NOlO = OUTPUT DIGITS AFTER DECIMAL IN "F" FORMAT 
NCONS • 0 FOR TIME STEPS READ IN PR003I 

= 1 FOR CONSTANT TIME STEP FOR COMPUTATION 

NPRINT(O,1,2),NBEGIN(1,2,3,4,5,6,7),IT,NDIG,NCONS 
101.1,2,0 

IS EXPECTED BAND WIDTH TO BE MORE THAN 252(1~Y,O=N) 
o 

NBEBIN 1 NPRINT 1 IT 1 
ELEMENT MATRIX COMPLETED 
SYSTEM MATRIX FORMED 
MREAD SUBROUTINE COMPLETED 
UPPER TRIANGLE DECOMPOSITION DONE 
B ESTIMATION DONE 
J:!,'\CIl sun DONE 

... rrn STOP 

Mcr:> 
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TABLE 10.5. PROG1 Output of LINEAR.PRI 

............... " .. , ........ ,., .. " ..... , ............... , ..... , .... , .. , ..•....•.............••.......................•• 
LIN!AR !LE~fNT 4 LAY!RS WITH NODAL 'LUX AT SUR~AC! AND HELD I.C. AT eASE ., ........... , ... , ...... , ... " ..... , ... , ...... ", .... , .. , ...... ,.,., ....... , .. " .......................... , .......... , . 

~.---------.. ----.---.-.. -.--.. ---.-.. --.--.---... --.. ---.------..... -...... ----.... -..... -....••........ ---._--.. _----

_.-.-----.----.... ----_.-.--------_.-._------... -.-._.-.--.~---.---.-.-----.--.. -.--.----.. -.--.~.----.-----------_ .. -. 
CONVERSION !'ACTOR I'OR PERMEASILITY OATA 1.0100 

CONV!RSlON FACTOR 'OR ICY-COORDINATES 1.111100 

CONVERSION 'ACTOR FOR bCOORDINATU 1.1100111 

CONVERSION FACTOR ,..o~ HEAoceOTH l~tTIAL AND e.c,) 1,08 

I(TYPI! • e 

FLAG 'OR CONTROLLI"'G THE LEVEL 0' PRINT OUTPUT. 2 

----------_.-_._------_.-._._-_.--_ .. -._-------.•. ----._-_ .. _-........ -... ------.... ----_ .•...•••...•.... ------_.--... . 



TABLE 10.5. (contd) 

PROPERTIES ~O~ M'TE~I'~ •••••••• 

IC ••• 
IC.". 
I(·Z· 
THEH. 
MEOIUM COMP~ESSlal~lT" 
F~UID COMP~ESSIBILT" 
AEFERENC! P~ESSUA! HEAD 0' THET' 
SPECI'IC STO~'GE COE". 

PROPUTIU 'OA MATERIAl. 2 ........ 
IMAlINU" M&TERUI. WITH AI.1. PROPUTt!S 

IC •• ' 
IC."· 
IC·Z· 
THETA. 
MEDIUM COMPR!SSI8I~tT" 
'I.UIO eOMPR!SSIBII.TY 
REFERENCE PRESSURE HEAO O~ THETA 
SPECI'IC STORA;E COIF'. 

PROPERTIES ,O~ MATUU~ 3 ........ 
t""QINARY '11 TI!R tAl. N ITH AI.~ PROPUT%U 

K·l(' 
lCey. 
IC .. Z. 
TIoIETA. 
"'fDIUN COMPRESSI8!I.ITY 
FI.UIO COMPR!SSIIIL.TY 
RE'ERENCE PRESSURE HEAD 0' THETA 
SPECI'IC STORA;! CO,,,. 

PROPERTlU 'OR MATERIAL " ........ 
tMA;INARY MU!RUI. IIIUt; AL.L. P~OP!RTH:S 

fC-Xa 
IC-Y. 
IC-Z· 
THn .. 
MEDIUM COMPRESSIBIL.ITY 
F~uIO COMPR!SSI8II.TY 
RE'ER!~C! P~ESSURE ~!AO 0' THua 
S'ICIFIC STORAGE COIF'. 

PROPUTIU 'OR MATUUI. 5 ........ 
!MUl!iU¥ "'Al'UtAL -ITH AI. I. PROI'UTlU 

IC.W. 
IC-". 
IC-le 
TH!TAe 
MEDIUM C~MP~!SII81~!TY 
~l.utO COM'RESSISILTY 
RE'!R!Ne! P~ESSU~! "fAD OF T~fT4 

"ECl'IC STORAGE COE~F. 
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EQUAl. 

EQUAl. 

EQUAl. 

(QUA" 

t .IIH!1000 L./T 
1.00(11Q1Q1 LIT 
1.00000 LIT 

0.250000 
3.100000E.05 1/~ 
0,10'000E_05 1/~ 

3.a0 L. 
0.100000E.0. 1/~ 

TO UNIT" 

1.30000 LIT 
I • 0 1)111 QIQI LIT 
I, ale00 I.IT 

e.i"0" 
1II,100000E.05 III. 
I.Ulleeh05 111. 

0,00 L 
e,1101100E"011 IlL. 

TO UNITY 

1.00000 L./T 
1,"0000 I.IT 
1.00 .. 011 ~/T 

0, isee0lll 
3.10a1910E.05 l/~ 
0,10000Q/£-05 IlL 

0.011 L. 
0,10ee00E-011 IlL. 

TO UNITY 

1.00000 ~/T 
1.0I11III00 ~/T 
1,00100 I.IT 

0. ,z50VJ00 
0.111l3QJ00e: .. 05 l/~ 
0-.10000eE.~ II\.-

0. ilII ~ 
0,1"0"e0£ .. ell t/~ 

TO UNITY 

l.eue" L./T 
1.110000 ~/T 
1.000110 I.IT 

II.a5e000 
e,1l11ueh05 1I~ 
Iil.Ulli/l00f-05 1/~ 

0.00 I. 
3,1080I111!l!.ell IlL. 
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TABLE 10.5 . (contd) 

. ---------------,--_._---_ .. _--_ ..... -._._._-----_.-_.-------...... ---... -------------.---------... _.-.-._-.--------._-. 
COOROI~'TES .~O OT~!~ O!T'I~S 0' EACH NOryE 

---.-.-... -.. ----.--.------._ .. _------------. __ .-._----_._---_._-.---_._-------_.-------_.---_ ..... _-._-----_._--------
INHRNAL USF.R l(-COO~O. V.COURO. Z-COORO. INITIAL TEMP C nEG RIiO XMEW CONCENTIUTION prACTOR 
r-JOOE' lIIonE¥ HEAD PPM 

I I 01.0 "'.0 401'1.0 ~.('I .. ::! 10 111 .'" 0.i!! 401'1.'" 0.0 
11 J 1ra~." h"0.~ 4~0.0 0.0 , e. 4 0.'" 1001. " 400,0 ('I.'" 

rOTA~ ~nl)ES IN SI'STEM. 20 
NUMatR OF SU~FACE NODES 4 
MA)ltI~UM ~HJMAE~ ASSIGNED TO TIoII! SURfACE IIII)I)E 4 

--------------------.--~----.. --.. -.. ------.----.-.---._-._. __ ._-.. ----... ---.-._-------_._._--.-._._.-._---..... -----~ 
TOTA~ IIIUMP!R n~ ~OOES WITH PR!SCRIBEO Q 

-.---------------------~--.-----.----.-----------------._---------------_._--_._---------.-----.-._._------------------
41'101 HF.AI) • 

. ----.--~------------.-.... --------.----.-----... -.--------------------.. -------._-------------------.--------------.-. 

-------.-----~-.-~.---------.--.. ---.------.-------.----------------------_._---_._--------------------------------._-. 

-----.---._------.--.------------------._---.. ------------------------------------_._---------------------------.--.---
MATe TOTAl. NOOES 2 J Q 1002 101'13 



TABLE 10.5. (contd) 

----.------------~-----.-.. -----.-------------------.-----------.. --------------.----------------..... _--- .. -----------
-----------~--------------.------.---------.--------------------------._--------.------------------._._-----_.---------

2 3~02 3 4 2~04 

••• '* •••••••• * ••• *j., ••• ,~ ••• ~ ••••••••••••• * •••••••••• , ••• , ••••••••••••••••••••••••••••• , •••••••••• , ••••••• , •••••••••• , 
nt~E~SI(INS TN OTHER PRO~~A~S HAVE TO RE SET FO~ FOLLO~I~G MAXIMUM VALueS 

TOT'~ NUMAER OF SURFACE NODESCNTSURf). 
H •• tMUM NUM8fR ASSIG~fn Tn SURFACE NOOeS(LNPT). 
TorAL Non~s IN THE SYSTEM (NTT). 

THE FOlLowl~G PAR'~eTeRS Aqe RELAT~D TO a.c 
TOTAL NUH8ER OF P~TENTIAL e.c. PRESCRI8EO (NBPTC). 
TnTAL NU~BER DF FLU~ a,c, PRESCRl~FD CNBFPTC). 
TOTAL NUM~ER OF STREAMS R.C, PRESCRIAED (NSTRfM). 

THE FOLLuwING T~O PARA"ETE-S ARE RELATEn TO STIFFNESS MATRI~ 

4 
4 

2~ 

4 
4 
o 

T~TAL NUM~ER OF UN~NOWN(NPT1. 16 .•.....•... , .. , .. , ...... , ...... ,., ... , .. , .. , .... , ..........•. ,.,." ..... , ................ " .... , ••.•........ ...•. , .... ' 
THE ~OLLowING PARAMET!RS ARE ASSOCIATfO WITH ELEMENTS 

TOTAL NUMBER OF SURFACE ~LEMENTS(NESURF) • 

MtXtMUM NUM~ER ASSIGNED TO SURFACE ELEMENT(NSELEM). 
TOTAL NUMBEq OF ELEMENTS(NELEM) • 
M.~TMUM NUM!ER OF NODES IN ANY ELEMENT(NODMAX). 
MAKtMUM NON-ZERO NODES IN ANY ELEMENTS(NONZER) • 

THE FnLLowING IS RELATED TO MATERIAL NUMBER ASSIGNED 
MAXIMUM ~UH8!R ASSIGNED TO ~ATERIAL(MATN) • 

1 
4 
S 
8 

5 

, •••••• , ••••••••••••••••••• , ••••••• '1."' •••• , ••••••••• ,.,." •••••••••••••••••••••• , •••••• ", •• " •••••••••••• ,., •••• , •• 
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TABLE 10.6. PROG3 Steady State Output of LINEAR.PR1 
ST[ADV ~TAT~ SOLUTION 

LJNfAR ELE"1ENT II LAVE~S WITH HflO A,C. AT. SIJRFACE AND BASE 

PROG3T FJLE**STEAOV STATE fLOW ---- SURFACE AND ELEMENT fLU~ • ~.~ 

______________ • __ • __ • _____ n. __ • __ ._._. _______ ._. _______ • ________ • __ •• __ • ____ ~---_-_--•• _~ __ • ____ ._. ______ • __ ____ •• _. __ • ___ ._. __ 

NonE Of.PTH HfAO NOllE OEPTli HEAD NnOf IlEPTH HEAD NODE OEPTH HEAO 

---------_ .. _----------.------.. -.---_._._--. __ ._------------_.--.-.--------_.--._.----_._-------... _---_._.--------------.-._-

1 /I liJI/'I. (II 
1001 J"''''.OI 
21'1'1Ji 2(',,;, • 01 
3001 t ""Pl." UI'!1 ".~""'11'" 

11(110.(110 2 1I1'!0.'" 41'10.0111 3 110P." 400.018 
3r,j".~0 10:,)2 31""". \l! 3~(II.00 UH 3,,'1"'.'" 300.00 
2""",.0111 201'12 2"'~.\l! .:!00.00 2003 201'1.", UI!.0I'J 
1"''''.091 H02 lA(l!,0 191"'.00 ]011'13 100.111 11'10,011 

I".0!!'! 4\11!!'!2 "'."'PIP'''' "'."0 4o.t03 ~.Il"HH'1 0.00 

TABLE 10.7. Use of TRANSIENT.P31 for Transient Simulation with 
Three Variable Time Steps 

FILE N.~E. TRAN~IENT.P]I 

TRANSJE~T SOLUTION 0' PRO~LEM WITH SPECIFIEO 4 TIME STEPS 
1 3 t 1 III 0 0'~ST!n',ITOTAL,NQ,NQ~CP,MNTRV,NHBOND,NTEXp 

.2,.5,t. 

/I 400.0 40O,O0 
1004 30"'.0 300."'''' 
2IIIU 21!10.8 200.180 
3004 100,0 tU.01!! 
4111!14 0.1'1000 0.00 



TABLE 10.8. Interactive Execution of LINEAR.PR1 with 
TRANSIENT.P3I and Variable Time Steps 

MCR>P3I 
ENTER FILE-O DISK UNIT 

2 
ENTER INPUT FILE NAME 

THANSIENT.P3I 
ENTER PRINT OPTION(O,1,2) 

1 
NEW TITLE(l=Y,O=N) 

o 
NSTEDY 1 ITOTAL 

o NTEXP 0 
••• P3I STOP 

" NIlWCP 1 NO 1 MNTRY 

McrOPR3 

2 
ENTER FILE-Q DISK UNIT 

PRINT OPTION (NORMAL= 1, FOR DEBUG = 2 , NO DUTPUT=O) 
NBEGIN(NORMAL= 1 AND FOR RESTART = SUBROUTINE IN MAIN) 
IT-TIME STEP TO START (NORMAL=l,RESTART=TIME STEP) 
NDIO = OUTPUT DIGITS AFTER DECIMAL IN OF" FORMAT 
NCONS = 0 FOR TIME STEPS READ IN PROG3I 

= 1 FOR CONSTANT TIME STEP FOR COMPUTATION 

NPRINT(O,1,2),NBEGIN(1,2,3,4,5,6,7),IT,NDIG,NCONS 
1,1.1,4,0 

o 
IS EXPECTED BAND WIDTH TO DE MORE THAN 252(1=Y,0=N) 

NBEGIN 1 NPRINT 1 IT 1 
ELEMENT MATRIX COMPLETED 
SYSTEM MATRIX FORMED 
MREAD SUBROUTINE COMPLETED 
UPPER TRIANGLE DECOMPOSITION DONE 
B ESTIMATION DONE 
MCK SUB DONE 
TIMESTEP 1 ELAPSEDTIME 0.2000000 
ELEMENT MATRIX COMPLETED 
SYSTEM MATRIX FORMED 
MREAU SUBROUTINE COMPLETED 
UPPER TRIANGLE DECOMPOSITION DONE 
B ESTIMATION DONE 
BACK SUB DONE 
TIMESTEP 2 ELAPSEDTIME 0.5000000 
ELEMENT MATRIX COMPLETED 
SYSTEM MATRIX FORMED 
MREAD SUBROUTINE COMPLETED 
UPPER TRIANGLE DECOMPOSITION DONE 
B ESTIMATION DONE 
BACK SUD DONE 
TIMESTEP 3 ELAPSEDTIME 1.000000 

••• PR;3 STOP 

MeR> 
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TABLE 10.9. Interactive Transient Execution of PROG3 with 
Constant Time Step 

2 

PR3 
ENTER FILE-Q DISK UNIT 

PRINT OPTION (NORMAL- 1, FOR DEBUG = 2 , NO OUTPUT~O) 
NBEGIN(NORHAL= 1 AND FOR RESTART = SUBROUTINE IN MAIN) 
IT=TIME STEP TO START (NORHAL=l,RESTART=TIHE STEP) 
NDIG = OUTPUT DIGITS AFTER DECIMAL IN "F" FORMAT 
NCONS = 0 FOR TIME STEPS READ IN PROG3I 

= 1 FOR CONSTANT TIME STEP FOR COMPUTATION 

NPRINT(0,1,2),NBEGIN(1,2,3,4,5,6,7),IT,NDIG,NCONS 
101,1,401 

IS EXPECTED BAND WIDTH TO DE HORE THAN 252(1=Y,O=N) 
o 

CONSTANT DEL TAT 
• 1 
F'nOG3 COMPLETED LAST TIME. TIllS IS RERUN 
NBEGIN 1 NPRINT 1 IT 1 
ELEMENT MATRIX COMPLETED 
SYSTEM MATRIX FORMED 
MREAD SUBROUTINE COMPLETED 
UPPER TRIANGLE DECOMPOSITION DONE 
II ESTIMATION DONE 
MCI( SUB DONE 
B ESTIMATION DONE 
BACK SliD DONE 
lIMESTEP 2 ELAPSEDTIME 0.2000000 
B ESTIMATION DONE 
BACK SUB DONE 
B ESTIMATION DONE 
BACK SUD [lONE 
B ESTIMATION DONE 
MCK SUB [lONE 
TIMESTEr 3 ELAPSEDTIME 0.5000000 
B ESTIMATION DONE 
MCK SUB [lONE 
B ESTIMATION DONE 
MCK SliB DONE 
B ESTIMATION DONE 
MCK SlIB DONE 
B ESTIMATION [lONE 
BACK SlIB [lONE 
II ESTIMATION DONE 
Mr.K SUB [lONE 
TIMESTEP 4 ELAPSEDTIME 
B ESTIMATION DONE 
MCK SUB [lONE 
TIMESTEP 5 ELAPSEDTIME 

••• PR3 STOP 

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.PRl). 

3 

SUAFRCE INFILTRATION (1 FT/DRY) 

• • t£l.D POTENTlfL ( • FTl 

SCRLE 
0.0 2. 
I I 

VERT. SCALE 
0.' 2. 
I I 

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 

HIXEO OROEA ELEMENT • FLUX(~EAO IN PffOG3I) AT TOP • ~ELO POTE~TIALS AT BASE , p ,.111 1.0 1,15 I.'" 
01 1 IMA~rNARY MATERAtL WITH ALL PRUPERTt!S EQUAL TO UNITY 

1 • ~ I." 1. '" ,2~ ."'I.'I~"'01 l'J.l'J .1'1"'11111101 ,1'1>'100001 
OJ 2 rMAGINARY MATEDIAL ~ITM ALL PROPE~TIES EQUAL TO UNITY 

1.0 1,0 1.13 .as ."'0~001 0.0 • 0011111101 ,00M11I01 
1/1 ! JMAAINARYM.TERIAL wITM ALL PROPERTIES EQUAL TO UNITY 

t,f! 1,0 1.0 .2'5 ,111130001 0.0 ,1111110001 .0~11I~0(111 

II • t~AG'NAffY MATE~tAL ~I'H ALL 'ROP~ATJ!S EQUAL TO UNITY 
\,0 1,0 1.0 ,25 .11ll'lQll'Jl'lt l'J.1II • I1\fII(,H"'" 1 .0fJfI!Ilfl!t 

III 5 tMAur~ARY MATF,DIAL W1TM ALL PRUPERTIES E~UAL TO UNny 
!,0 ,.(11 1,0 ,25 ,1ZI00AU 111.111 , Ql01H'.01 ,00"'~"'01 

1 
III 1 11',0 QI.'" 0,iil 1,111 t '5 01 

400.f! l'J10~ 5G"0.PI 111 a'" 3 20"',0 1113111. 100.", "4"'0 0.0 
21 2 1£"1'1,01 111.0 0,0 1.0 1 '5 01 

4"'~.1II l1li., 2 )III!l1.0 0i!U UQl,0 UU U'0.0 041.'10 0,111 
J !fit." UIQI.11I 01.11 1.01 1 '5 OIl 

4n.1I 010l )111".'" III u.s 20(11.' 0304 11110.0 U0~ 0.0 , 4 1.0 '111I11.t'! 0.0 1,0 1 5 01 
4~"',1 0102 .5 ~~,.Ii'! 01203 20111." \11)04 1''10.0 Ql400 0.'" 

1 0.0 0;&. O.O 1.0 1 5 01 
4~QI,0 (;1\02 30111.(11 0203 200.'" 03"'4 100.0 1!I41110 0.:1l 

0 8 10111.111 '5~,0 0.0 t.11I 1 5 01 
40"'.0 1IJ1(112 )",,,,.0 (IIi!0) 20"'.' rIIl04 100.0 111400 O,0 

9 39.2 pI.0 0.0 1,0 1 5 fill 
40"'.0 ~102 301~.0 1;\21113 U"'.' 013011 105'1.0 0400 0." 

fl 10 09.'" 01.0 111.O 1,0 I 5 01 
4"III.1'J 0102 3010.111 ~i!03 200,' 11131114 lI!I0.0 041110 0.0 

i! 

0411101 1.0 
041'J02 1. '" 
0400] 1,0 
1'40~Q 1.~ 
0411.101 1.0 
040138 1,0 
04009 lt0 
0111111''' t.0 
5 , 1 01 11/1 1 .5 4 ~ III 1 q '" 321 321 I? 1 14'1 , 

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.P31 (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 

PR!SCRIAJNG SURFACE FLUX IN PROG]1 
10120 

1,', CD~VE~SI0~ FACTOR 
1.1, IN'tLT~'TrON OF ELE~'I 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.P31 

MCR>PRI 
ENTER FILE-Q DISK UNIT 

2 
ENTER INPUT FILE NAME 

MIXEDELEM.PRI 
NPRINT(O,5),NPINCH(0=MISSING MATERIAL BY WEDGED ELEM,1=OTHERWISE) 

j ,0 
NEW PROBLEM(=O) OR INPUT MODIFICATION(=1) 

o 
• •• F'R1 STOP 

MCR>PR2 
ENTER FILE-Q DISK UNIT 

2 
ENTER PRINT OPTION (0,1,2) 

o 
• •• ~'R2 STOP 

Mcn>BND 
ENTER FILE-Q DISK UNIT 

2 
ENTER PRINT OPTION(O,1,2) 

o 
••• BND STOP 

MCR>P3I 
ENTER FILE-O DISK UNIT 

2 
ENTER INPUT FILE NAME 

OSIJRFACE.P3I 
ENTER PRINT OPTION(O,1,2) 

j 

NEW TITLE(l=Y,O=N) 
o 

NeTEDY 0 ITOTAL 
o NTEXP 0 

• .. P3I STOP 

MCR>PR3 
ENTER FILE-Q DISK UNIT 

2 

o Nowep 1 Nl1 2 MNTRY 

PRINT OPTION (NORMAL= 1, FOR DEBUG = 2 , NO OUTPUT-OJ 
NBEGIN(NORMAL- 1 AND FOR RESTART = SUBROUTINE IN MAIN) 
IT=TIME STEP TO START (NORMAL=I,RESTART=TIME STEP) 
NDIG = OUTPUT DIGITS AFTER DECIMAL IN "F" FORMAT 
m:ONS = 0 FOR TIME STEPS READ IN PROG3I 

• 1 FOR CONSTANT TIME STEP FOR COMPUTATION 

NPRINT(O,I,2),NDEGIN(1,2,3,4,5,6,7),IT,NDIG,NCONS 
1.1.1,2,0 

o 
IS EXPECTED BAND WIDTH TO BE MORE THAN 252(1=Y,O=N) 

NBEGIN 1 NPRINT 1 IT 1 
ELEMENT MATRIX COMPLETED 
SYSTEM MATRIX FORMED 
MREAD SUBROUTINE COMPLETED 
UPPER TRIANGLE DECOMPOSITION DONE 
B ESTIMATION DONE 
MCK SIIB DONE 

• •• PI~3 STOP 

MCn:> 
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3 

tELD POTENTlfL C I FTl 

o· tELD POTENTIfL CUI FTl 

SUFfa IWIL TMTICit (1 FT mtY) 

SCfI...E I.' 21 U 
I I I 

VERT. SCfI...E 

••• 211 1111 
I I I 

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 NAME_ ELMIX~C,P~l 

MIXEO OROER !L!M.~OTTOM AND ONE TOP HELD HEAO + REST SU~FACE FLUX e,c, 
1 1'1 1.0 t,0 1.0 1.0 ., I IMAGINARV MATfRAIl wITH, All P~OPERTIF.' EQUAL TO UNITV 

1.OJ 1 ,II! t.8 ,25 .080001 Il.f1. .UIle'l .IIIIH'1000 1 
0 ~ IMA&INARv MATeRIAL WITH ALL P~OPERTJfS EQUAL TO UNITV 

1.0 1,0 1.0 .25 .001')001 0.0 ,"'0111001 .00011.1001 
0 ~ JMAijlNA~V MATERIAL ~ITH ALL PROPERTIES EQU'~ TO ~INITY 

1,(/1 1.0 1.0 ,25 ,l!I0UlIl 0.0 .01110001 .11001,o1 
0 4 IMAGINARV ~.T€RIAl "ITH ALL PRUPERTIE8 EQUAL TO UNITY 

1,0 1,'" 1.0 ,25 .UIIIl 0,111 .11I0111P101 .000111001 
0 S IMAGINARV MATERIAL WITH ALL PROPERTIES !~UAL TO UNI TV 

1.0 I,'" t,0 .n , .,0111101 0,0 ,001J001 ,001/10001 , 
0 1 0,0 0,0 '.0 0,11 1 '5 01 

1I1/1f1.QI 0Ht2 ](.111'1.0 QI i! i!IJ "001,'" QlJQJ4 191 I!! ,1'1 CIIIIOlI'! PI.0 
1/1 2 10"',0 "',01 0.0 111,0 t '5 et 

/1111 01 .1/1 0102 Jill"', 0 !U0J i! U. (II 0304 10111 ,I!! CHUII!! A.II 
3 10111.0 100.0 '.0 0.11 1 '5 I'It 

OU.' 011'12 3",,,,0 111203 201'1,0 0304 Ul0.A A4U PI.I'! 
0 /I !!I ,I!! 11'1111.0 ',0 I'!.C!I 1 5 I'll 

4C!10.0 0Ui! lllJIII,0 1Ili!11!J i!JIlJ,1IJ IU04 H'I0.!II 1'I11D11!1 0,111 
1 0,0 56. 0.0 0,0 t 5 Pll 

400 • ., 0102 3"'''',91 91203 UI,' rII3 a II 10 PI ,0 QI4 Gl0 0,0 
1/1 /I 10/,11,0 55.QI 0,0 0,0 t '5 01 

4Q10.' eU2 ]!II0.0 "'203 ~01'1,' 03114 110,0 11I4Q1Q1 "'.! 
9 39,2 111.0 11.11 II ,Ill 1 '5 I'll 

41'10 •• IIlUJ! ]01'1.0 ~20J UClI,0 1!13 !II II 10O.0 0400 0,0 
0 IDI 89,18 1'I,I1J 0,0 GJ.0 1 5 01 

4IljVl,P! uea 3&H'I, OJ C!l2111] i! lUI, 0 flJU 111,0 04 QlP! l'I.1I 
2 

t 110111.0 
9 1100,0 

0411101 0,0 
04"'02 0.0 
041/1Q13 0,0 
04G'1Ql4 0.0 
04007 0.' 
04D1018 111.0 
04009 111.0 
01H'110 91.1(1 
'5 
0 1 C!I lI!I t ] 0 7 /I IJ 10 

3,H 3U 121 121 

" 
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TABLE 10.14. Interactive Execution with ELMIXBC.PR1 
and QSURFACE.P3I 

MCR)PRI 
ENTER FTLE-n DISK UNIT 

2 
ENTER INPUT FILE NAME 

ELMIXBC.PRl 
NPRINT(O,S),NPINCH(O=MISSING MATERIAL BY WEDGED ELEM,l=OTHERWISE) 

3,0 
NEW PROPLEM(=O) OR INPUT MODIFICATION(=l) 

o 
••• PRl STOP 

MCR)PR2 
ENTER FILE-n DISK UNIT 

2 
ENTER PRINT OPTION (0,1,2) 

o 
••• F'FQ STOP 

HCR>BND 
ENTER FILE-O DISK UNIT 

2 
ENTER PRINT OPTION(0,1,2) 

o 
••• [l~m STOP 

MCR>P3I 
ENTER FILE-n DISK UNIT 

:2 
ENTER INPUT FILE NAME 

I1SURFACE.P3I 
ENTER PRINT OPTION(0,1,2) 

o 
NEW TITLE(l=Y,O=N) 

o 
NSTEDY 0 ITOTAL 

o NTEXP 0 
••• f'3I STOP 

MCR>PR3 
ENTER FILE-n DISK UNIT 

2 

o Nawcp 1 NO 2 MNTRY 

PRINT OPTION (NORMAL= 1, FOR DEDUG = 2 , NO OUTPUT=O) 
NBEGIN(NORMAL= 1 AND FOR RESTART = SUBROUTINE IN MAIN) 
IT=TIME STEP TO START (NORMAL=l,RESTART=TIME STEPl 
NDIG = OUTPUT DIGITS AFTER DECIMAL IN "F" FORMAT 
NeONS = 0 FOR TIME STEPS READ IN PROG3I 

"" 1 FOR CONSTANT TIME STEP FOR COMPUTATION 

NPRINT(0,1,2),NBEGIN(1,2,3,4,5,6,7),IT,NDIG,NCONS 
lr1.,1.2,0 

() 
IS EXPECTED BAND WIDTH TO BE MORE THAN 252(1=Y,0=N) 

NBEGIN 1 NPRINT 1 IT 1 
ELEMENT MATRIX COMPLETED 
SYSTEM MATRIX FORMED 
MREAD SUBROUTINE COMPLETED 
UPPER TRIANGLE DECOMPOSITION DONE 
B ESTIMATION DONE 
flllCK SUB DONE 

••• PR3 STOP 

MCR> 
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+ POINT SOlR:E ( 2.581 CU. FT lOftY) 

•• t£LD POTENTIfl.. ( (I FTl 

SCfl..E 
1.1 21 "" I I I 

VERT. SCfLE 
1.1 2. "'" I I I 

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. LINODALQ.PR1 for a Linear Element with Point Source 

LINEAR fLEM!~T 4 L'Y!~S ~IT~ NOOAL ~LUX AT aUR~AC! AND HELD R.C, AT SAft! 

1 
o 

i! 

I 0 1,0 1,0 1,0 1,0 
1 tMAGt~A~Y MArE-,lL WITH ALL P~OPE~TIES EQUAL 

1.A 1,0 1.0 ,25 ,0A0A01 
2 IMAGINAR¥ MlTl~I'L wITH ALL pqaPE~TIES EQUAL 

1,0 1,0 1.0 ," ,0000~1 
] IMAGl~'RY MATERIAL WITH ALL P~OPERTIES EQUAL 

TO UNITV 
1'1.0 

TO UNITY 
0.0 

TO UNITY 
I.A 1.A 1.1 ,25 ,000001 0.0 

1& IMAGINARY MATERIAL WITH ALL PROPERTIES EQUAL TO UNITY 
l.p 1,0 1.0 ,25 .000001 0,0 
5 r~'GIN'RY MATERllL wIT~ -LL PROPERTI!S EQUAL TO UNITY 

1.0 1.0 1.0 ,2' ,000A~1 

1 0.0 
40'l1.\11 0102 

l 100.0 
40~,0 0102 

3 lfl~,0 
4U.Q) un 

II 0,0 
1I1!I0.0 0102 

11,0 
]Q!"'.0 

21.A 
JQ!ilI,1 
l0Q1,(IJ 
3C111:t1,0 
U0.0 
)0"',0 

'SWITCH rOR NOOAL nATA AND 
0.0 0.0 I 

020) 200,0 0304 10~,0 0400 
~.0 0,A 1 

~203 200,0 0304 100.0 0400 
1.0 0,0 1 

0203 200,0 0304 10A.0 ~I&A0 
0.0 0,0 I 

020] l00.' 0304 100.0 0400 

21.0 ,CII0001'1l 
ENO OF PROPETIE! 

5 01 

5 

5 

"'.0 
01 

",0 
01 

91411101 0.0 
04002 0.A 
041l11!1J 0,0 
1IJ4A.l)4 0,0 
4 

I is'',' 
l l5U.(IJ 
3 2500,0 
4 2500 ,III 

S 
21 4 J 4 
6 

10-21 



TABLE 10.16. Interactive E.xecution with LINOOALQ.PR1 and HSTEAOY.P3I 

MCR>PR1 
ENTER FILE-Q DISK UNIT 

2 
ENTER INPUT FILE NAME 

LINODALQ. PFH 
NPRINTCO,S),NPINCH(O=MISSING MATERIAL" BY WEDGED ELEM,1=OTHERWISE) 

2,0 
NEW PROBLEN(=O) OR INPUT MODIFICATION(-1) 

o 
••• PRt STOP 

MCR>PR2 
ENTER FILE~Q DISK UNIT 

2 
ENTER PRINT OPTION CO,1,2) 

o 
••• PR2 STOP 

MCR>BND 
ENTER FILE-Q DISK UNIT 

2 
ENTER PRINT OPTION(O,t,2) 

o 
••• BND STOP 

MCR>P3I 
ENTER FILE-Q DISK UNIT 

2 
ENTER INPUT FILE NAME 

HSTEADY.P31 
ENTER PRINT OPTION(O,t,2) 

o 
NEW TITLE(l=Y,O-N) 

o 
NSTEDY 0 ITO TAL 0 NDWCP 

o NTEXP 0 
••• P3I STOP 

MCR>PR3 
ENTER FILE-Q DISK UNIT 

2 

1 NO 1 MNTRY 

PRINT OPTION (NORMAL- 1. FOR DEBUG == 2 • NO OUTPUT-O) 
NDEGINCNORMAL- 1 AND FOR RESTART = SUBROUTINE IN MAIN) 
IT-TINE STEP TO START (NORMAL-l,RESTART-TIME STEP) 
NDIO = OUTPUT DIGITS AFTER DECIMAL IN °FO FORMAT 
NCONS '" 0 FOR TIME STH'S READ IN PR0l731 

= 1 FUR CONSTANT TIME STEV FOR COMPUTATION 

NPRINTCO,1,2),NBEGIN(1,2,3,4,5,6,7),IT,NDIG,NCONS 
1,1,1,2,0 

() 
IS EXPECTED BAND WIDTH TO BE MonE THAN 252(1=Y,O=N) 

NBEGIN 1 NPRINT 1 IT 1 
ELEMENT MATRIX COMPLETED 
SYSTEM MATRIX FORMED 
MREAD SUBROUTINE COMPLETED 
UPPER TRIANGLE DECOMPOSITION DONE 
B ESTIMATION DONE 
[lACK SUB DONE 

••• PR] STOP 

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 (~Tt - ~Tt_1 * 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 10-6 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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1.1 
I 

1.1 
I 

FIGURE 10.5. Radial 4 Elements Three Layered and 
Exponential Increasing Distance 
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... 

TABLE 10.17. WELL.PR1 for Three Layered and Four Element 
Pie Shaped Region 

'J~E NAME_ ~E~~,p~t 

R'DI'~ • £~eNE~T' T~At£ ~'VERED AND ElPDNENTIA~ INCREA'IN; DISTANCE 

1 

2 
0 

II 

'5 

I! 

1 e 1.01/) 1.00 t.a0 1,00 
tMATE~IA~ OF AQUIFER IN LAVER A 

0.110£.02 e,l~0£.e2 0.100e+02 3,1811J£.00 1/).100E.01 0.100£.01 0,100£+01 ~,200E~03 
2MATERIAL 0' AQUIT'RD (LIYER 8) 

0.10AE-0] 0,10.E.0] 0.101£.0] 1/).10~E.0~ 0.100E.01 0,100E.01 0,100E.01 0,200E-04 
]MATERIAL OF PUMPED AQUI'EA (LAYER C) 

l,lBP£.0] ~,100E.e] 0,100£+0J 0.100£.00 0,100E.01 0.100£.01 ~.100E.01 0.100E-03 
O~IT!Rrl~ 0' ,QUIT4RD (LAVER D) 

0.10PE-I/J4 0.100[.04 0.101£.00 0.11/)0E+00 0.110£+01 a.100E+01 0.10I1JE+11 0.200E_04 
5MIT£RIAL 0' AQUI'ER (LAVER E) 

0.11/)0£+02 0.10IE+02 0.10aE+1IJ2 0.111J0E.la 0.11.E+01 0.11/)0£+01 0.110£.01 1.200e.01 

1 1,IU 0.000~ 0,BII5I! .S0.fiI' • 2 
0,0 203 -20,0 JiIO .J0.' 11l11li .'11 •• 

20.92]9 lI.31127 1.01111111 .~1.00 I 2 
111.0 In .. 2i1l.18 301 .]0.1 1100 .50,I!! 

3 1.60119 0.111111118 •• '810 .51.0' /I 2 
IIJ.0 lid] .2l1.8 JIll .]111.111 401'1 -50 •• 

o 1,'523 II~ 11309 0.IIIUI'I .50.10 • i! 

"'.E' U3 .. 2111. til Jeo ·30.1! 11111 .50.0 
5 2.'18 0."'11101'1 1II.00B0 .!S0 .1i!0 • i! 

!II.0 i!t'!' .20.111 3011 -]0.0 lIa0 .50.0 
I! 2.511 t .048 lI'I.a00111 .5".01 • 2 

fI,0 1000J .tt0,(11 31'111 .30.0 11101111 .. 50.1 
., II.IIS! 0."01'10 1,18110111 .511.110 II 2 
0.0 203 .21'1.B JI'III .311.' 000 .51'1.0 

a 4.141 1.'1'5 0.0001'1 .50.00 • 2 
0.0 203 _110 •• ]1&11 .. 3B.0 1100 .51!1.11 

9 7.389 III. Pl ill 1010 0,fil11lIlI0 .50.11' 4 2 
0.0 203 .(10.'" JIoIIi .30.0 400 .50.0 

10 10.1127 2.8211) 13.'11100 -5C1.1110 I 2 
0.0 2n .. '!il.8 J011 ·J0.0 /li!lfiI .50.0 

",9 £1.000010 
21'1p9 1'1,011/1000 
]1'019 0.01!100011J 
1101/19 0.1!11I000111 

11'1 0. 11'000 1<1 i!! 
IIU 0.I!II!IPl00111 
Jeu 1.0111011J00 
4010 2-,00011101"-

I 0.111'00"'111 
""t'll 0.000000 

2 0,111111111(1100 
401'12 0.00E'00111 

3 0.1110011100 
4003 0.00"'\PI00 

0 e, •• e010 
110ell 0.U"'''0 

'5 0.8001110111 
1100'5 0.0~0111~11I 

I! e.1i!I00~"''' 
URI! 111,00001:'1" 

7 fI.iI'ueaI/J 
41'111' 0.018IQ1U 

• 0.e'U0e 
4008 21.018011100 

till 111.8001111'1'" 

2001.1.5102 
3901-t,5bl 
J002-1.'5U 
221"2.1.5102 

I 4 9 1~ 8 , 
I /I 7 e I! 5 
3 /I 5 10 II 3 
/I 0 3 4 i! 1 
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TABLE 10.18. PTRANS.P3I for Exponentially Incremented Time Step 

'IL! NAME- PT~AN8.P1I 

T~ANSIENT SOLUTIn~ WITH GENE~AT!O EXPONENTIAL TIM! STEP (PTRANS.P3I) 
1 ~ , 1 0 0 I'NSTEny,ITOTAL,~Q,NQWCP,MNTRYrNHeOND,!XP 

1,E.~ l.~ t INITIAL TIM! ANO 'ACTUR 'OR INCREASING NEXT 

TABLE 10.19. Interactive Execution of Radial Problem 

MCR)PR1, 
ENTER FILE-Q DISK UNIT 

2 
ENTER INPUT FILE NAME 

WELL.PRI 
NPRINT(0,5),NPINCH(0=MISSING MATERIAL BY WEDGED ELEM,l=OTHERWISE) 

3,0 
NEW PROBLEM(=O) OR INPUT MODIFICATION(=l) 

° ••• PRI STOP 

MCR)PR2 
ENTER FILE-Q DISK UNIT 

2 
ENTER PRINT OPTION (0,1,2) 

° ••• PR2 STOP 

MCR)BND 
ENTER FILE-Q DISK UNIT 

2 
ENTER PRINT OPTION(0,1,2) 

o 
••• BND STOP 

MCR>P3I 
ENTER FILE-Q DISK UNIT 

ENTER INPUT FILE NAME 
PTRANS.P31 

ENTER PRINT OPTION(0,1,2) 
1 

NEW TITLE(l=Y,O=N) 

° NSTEDY 1 ITOTAL ° NTEXP 
••• P3I -- STOP 

MCR>PR3 
ENTER FILE-Q DISK UNIT 

2 

5 NQWep 1 NQ 1 MNTRY 

PRINT OPTION (NORMAL= 1, FOR DEBUG = 2 , NO OUTPUT=O) 
NBEGIN(NORMAL= 1 AND FOR RESTART = SUBROUTINE ," MAIN) 
IT=TIME STEP TO START (NORMAL=l,RESTART=TIME-STEfry 
NDIG = OUTPUT DIGITS AFTER DECIMAL IN "F" FORMAT 
NCONS 0 FOR TIME STEPS READ IN PROG3I 

~ 1 FOR CONSTANT TIME STE~FOR COMPUTATION 
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.... 

TABLE 10.19. (contd) 

NPRINT(0,1,2),NBEGIN(1,2,3,4,5,6,7),IT,NDIG,NCONS 
1,101,2,0 

o 
IS EXPECTED BAND WIDTH TO BE MORE THAN 252(1=Y,0=N) 

HBEBIN 1 NPRIHT 1 IT 
ELEMENT MATRIX COMPLETED 
SYSTEM MATRIX F"ORMEII 
MREAD SUBROUTINE'COMPLETED 
UPPER TRIANGLE DECOMPOSITION DONE 
B ESTIMATION DONE 
BACK SUB DONE 
TIMESTEP 1 ELAPSEDTIME 1.0000000E-06 
ELEMENT MATRIX COMPLETED 
SYSTEM MATRIX F"ORMED 
MREAD SUBROUTINE COMPLETED 
LIPPER TRIANGLE DECOMPOSITION DONE 
B ESTIMATION DONE 
MCI( SUB DONE 
TIMESTEP 2 ELAPSEDTIME 2.5000002E-06 
ELEMENT MATRIX COMPLETED 
SYSTEM MATRIX FORMED 
MREAD SUBROUTINE COMPLETED 
UPPER TRIANGLE DECOMPOSITION DONE 
B ESTIMATION DONE 
MCK SUB DONE 
TIMESTEP 3 ELAPSEDTIME 4. 7500002E-06 
ELEMENT MATRIX COMPLETED 
SYSTEM MATRIX FORMED 
MREAD SUBROUTINE COMPLETED 
UPPER TRIANGLE DECOMPOSITION DONE 
B ESTIMATION DONE 
BACK SUB DONE 
TIMESTEP 4 ELAPSEDTIME 8. 1250009E-06 
ELEMENT MATRIX COMPLETED 
SYSTEM MATRIX FORMED 
MREAD SUBROUTINE COMPLETED 
UPPER TRIANGLE DECOMPOSITION DONE 
B ESTIMATION DONE 
BACK SUB DONE 
TIMESTEP 5 ELAPSEDTIME 1.3187501E-05 

••• PR3 STOP 

MCR> 
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TABLE 10.20. Sample Output of P31 and PR3 for WELL.PRI and .QTRANS.P31 

--.. --------_ .. --.--........ -... --..... _--... _ .. ---.... ------.--.-.-.---------~.---------.-----------------------------TRANSIENT SOLUTIO~ ~JT~ G~NEQATEO FXPO~ENTIAL TIME STEP (PTRANS.P3I) 
-.-.-.-----------------------_.--._------------------------------.-._--.--------.--------------------------------------

NSTEOY t ITOTAL 5 NQ~CP t ~Q t MNTRY 
III NTExp t 

rrU"ISTe:NT IWN OF MODE.L PRESCRIBED 

TOTAL NII'-18fQ I')F TIME !\TEPS(ITOTAL) '3 

1 TlHE STEP 0. UH'I VIE .. III 5 ELAPSED TIME 0,101110F-05 
2 Tp1£ STEP 1'1,1500(-05 [LAPSED TIME 1II.,']0Q!E-05 
3 TIHE STEP 0I.U5PE-1II5 !LAPUD TIME 0,0750E-"5 
4 TJHf STEP e,3315e:-05 ELAPSED UHF 1II.t'125E-05 
5 TJ~E ST!:P 0I,5I1ue-05 ELAP8!O TIME 0. 1319F .. ",. 

NO N[W S~URCE o~ SINK FOR EACH F.LE~ENT· IS READ IN, SO~UTION eAse~ ON SOURCE/SINK RF..O· IN P~OGRAM 1 

NO SURFAC! II'LUIC rsPRESCRI8ED 



TABLE 10.20. (contd) 

RESULTS ", HFAO lSfTHATION AT fl~E STEP 

RAOIAL /I ELEMENTS SINGLE L'Yf~ ~.PO~~NTIAL INCREASIN~ Ot9TANCE 

TRA~STeNT snLuTION wITH GENERA TEO fxpnNENTIAL TIHE 9TfP (PTRANS.P3I) 

.. -.----_.-------.---------------.---------------._-----------_.-.-----.-------------------_.----_._-.---------.-----~-----.---
I-' NODE OEPTH Ht.AO NonE UEPTH HEAO NonE OEPTH JoIEAO NODE OEPHI HEAD 
o 
1 

~ ~---.----------.--.----------.--.---~---.--.---.--------------_.-.-._._----._._-.-------_.-._._-------_ .. ---_.-_.--------------
1.0 

I ".0'-'l'lqt 0.0001111'1 i! 0,OJ0Ll1'l 0.~"'0Ll10 3 0.00MI 0.00000 4 "'.0000 0.000F10 
2C1(11' -i!0. till -0.1110"511 ~ CHI 2 -20.Q10 .O,O0954 iH"03 .. 20.00 -0.00358 2004 -20,"'0 -0.003513 
3001 -30.i'lPi -0.009511 300i! -.591,1110 .. 0.00'154 3003 -30,00 .. 0.00358 3004 -30."'0 "''',00358 
4"J~t -'5I11.Gl0 0,011100" ">'102 -50,0~ 0.0f1011J1!J UJI!I3 -50,0'" 0,00000 II QlllJ4 -5111.00 0,00"''''0 

5 0,0Q100 III ,00f111!111 b 0,0000 0,0f111'1 01 0 1 lIJ.rJ000 0,00000 II "'.0001/1 0.00000 
2"l~5 .20."1'1 .0,IIHHI1b 2006 -l0.OJI'I .. 0.00076 20,," -20.0(:'1 -0,1'1"""04 2008 -20,00 -0.1'100"4 
3"(115 -301.~0 .. 1/J,~I1I1Il1ft 311106 -3"'.00 -0.1"'1076 300T -30,00 -0.01'101114 3008 -30,00 .. 0.00004 
411'1115 -'5111.(.'1111 0,00Q11110 400ft .. 5f1.011l 1/I.01110~0 4001 -'50.00 0.1'10111210 40018 "S0.1!10 0. "0n",(/! 

, LlI.0lJ100 0.00Q!0111 1(1 0,011100 1Il,000Q10 
2f11f/1Q .. 20.(01111 0.00UVl 2010 .. 2111."111 0,00000 
301'19 .30.01 0.00P!01l 30 tIIJ .. 3f1.018 0.00000 
401(.'19 -'511J , '-"0 0.00QU'., 1I0U .50,0' 0.001110" 
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TABLE 10.20. (contd) 

RESULTS nF HElO [STIMATION AT 11M! ST~P 

RlnIlL " ELEMFNT~ ~lNGLe LAYER !XPON!NTIAL INCREASING OISTANCE 

TRANSIENT SOLUTION wITH GENERATED EXPONENTIAL TIME STEP (PTRANS.P]1) 

-._.------------.. -.. ----... _-...... _._-... -_._._._._-._---------.-._--_.-------.---_. __ ._-------_ .... --_._.----_._._-.-.-.-.--
NODe OEPTH HUO NODE DEPTH HEAO NonE DEPTH HEAD NODE DEPTH HEAO 

-----.----------_.--.-. __ .-.. _._------_._.------.-----------.-----~----------------------.. ----... --.-----.---------------.-... 

I 9I.IIHIl1'l0 o .I!II1IU" i! f,01il0P1 0.0001110 3 0.0000 o • 01110 0IIJ 4 0.09100 0.000A0 
29101 .21".0A .. 11.1111443 UIII2 -21'1."'111 -0,01443 2003 .. 20.110 -0,00144 201114 -20.00 -0.00745 
3"'01 -3~."'''' .. e.01 443 Jill!!!! -3Gl,1Il0 -0.01443 3003 -30.0" -0,00144 ]004 -30.00 -O.00745 
41'101 -50.00 "',00fIPJPI 4 0fIl i! .. 5A,1'I0 0.0A0"0 40Q13 -513.01'1 0.001/11118 40QJ4 -50.00 0,000AQI 

'5 0,00"0 0.00"'01'1 " 0.ne" 0.00000 ., 0.1/111111 0.00000 8 0,111000 0,1I!1II0A0 
2005 -20.111'" -0.1111/1~5T l~0' .20,0G1 -0,0111257 200., -20,00 -0,00039 201'18 -20.1!10 -0.00A39 
3011'15 -30.0" .111.01'1251 Hili!! -30."'0 -0,00251 ]11107 ·]0,00 .0.00039 3008 -ll.C!l0 -0,0I1H"39 
4005 .50,0111 0,000091 400" -50,ee 0.U0011J 4007 -!10,"1'1 ".00000 40A8 .!5G1.IIl(iJ 0.000111'-" 

9 0,0A0111 1lI.011J0r110 10 0,0001 "'. ~H'0"0 
2"O9 -20.00 0,00P10L'1 21l1UJ -20,1"'" 0.0",,,1110 
301119 .3A,00 0,IIJl/ltlJ0' Ut0 -3111,00 !II, "H'IA00 
4?10q .50. 111 111 "',00II11!1f1 4010 -5"',"10 0.0001'10 
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TABLE 10.20. (contd) 

RAnIAL 4 ELE~FNT~ 'INGLE LA'f~ E.pn~ENTIAL INCREASING DISTANCE 

TRAN5JFNT gnLUfION ~lTH GENERAT!D EXPONENtIAL TIME STEP (PT~ANS.P3I) 

.----------~-.-----~ ..• -.-...... -.-.-.--.. -----... -.--._----------.----_._._._ .... ----------------_ .... _------------._--.-------
NOOE DE-PH4 HEAl) NOO! IH!PTH HUD NODf DEPTH HEAD NODE I)fPTH HEAD 

---.-------------.-_.-_.-.-._._-_.-.-.. _------_.-.-----._.----.... -._-------_._-.-------_._._-----------.. ------_.-._-._--.----

I 0.000C1! 0.1/J00~0 2 0,0(;11119 3.0001110 3 "",01'100 0.00000 4 0,0000 1!I.00~00 

2"'111' -20,1110 -1II.0S8in 2002 .. 2111.111/1 -0.lIJt8~3 2003 .. ~0,00! -0.01092 2004 -2111.00 -0.0111193 
5 OJ 01 .30.0411 _1.'I.i4l112'J $002 -30,00 ·111.0111?3 301'13 .. 30.00 .0.01092 3004 -]0.00 -1II.01M3 
4"'''1 .. 50.111111 ".00f/1IH" .<'102 -5"'.00 11!.0OtOlIllQ! 4003 -'30.(;!0! 1Il.0P111!00 110M "50.00 0.00~P'!'I 

5 0.21"'''''' 0,1'101111001 b 0,0000 0,00000 1 0,0000 0,00000 8 0,0000 0.00","O 
~!IIPl5 -20.110 -P).00494 i!'9ltll" -20 • .,.0 -0.(/!0I1QIl 2007 -20.00 .. 0.00127 2008 -20.00 -0.00127 
511105 .30.1110 .111,00494 3001.1 -30.010 -0,01114Q/i 311101 -30.110 ·"'.00127 301'18 -30.00 -0.00121 
4111~5 -'51'1.1110 1/1. UIII00 UP! II -51.1121 0,1/"'1000 4007 -'50.00 0.!II0000 11008 -50,00 0,001'100 

9 0.0""0 0.Q10 01 010'1 10 0,O11100 "'.910000, 
~1Il09 -20.00 "',1110".0111 2i'l10 -20,00 111.0001'10 
30019 .. 30,0'" 0.(/\~~00111 3010 .. 30,1110 0.0"'0"'1'l 
IIQI09 -5~.00! 0.001100 4010 -50.00 0.~0000 



TABLE 10.20. (contd) 

RESULTS nF HlAO ESTtMATION AT TIME STEP 

~lOI'L 4 ELEM£NTS SINGLE LAVER EXPON!NTIAL INCREASING DISTANCE 

TRANSIENT SOLUTION wITH G"N!RAT!D EXPONENTIAL TIME STEP (PTRANS.P31) 

_._.----_. __ .-.-.. --.-.. -._._----_ .. -..... ---------_.-._---------.-----.. -_.-._------.---------.. ----.-.. -----_._.-.. -._.-._.--
NODE OEP1H HEAO NODE OEPTH HElD NODE DEPTH HEAO NODE DEPTH HEAD 

I--' .. ------------------.-_.-----..... -_ ....... --_ .... _--------------.. ----.-.---------------------------._----------------.--.---~ 0 
I 

W 
N 

1 0.00"'111 0,01!'I'IU e 1Il,00!H1 ". efJ011J0 1 0,111001'\ 0,00000 4 111.0000 0.000"''' 
2111rt -20.00 -1Il.8I2tflt ana -i0.00 -0,02161 21803 -20.00 -0.0141' 2004 -20.1111'1 -0.181415 
3"'~t .. 30.0" -0,921 U .511102 -30.1'10 -e.1il21U 311113 -30.00 -0.01415 ]0''14 ·318.00 -111.01415 
4'''~t .. 5~.0111 0,00C1J11Jfl 40C'H! .. 5111.1"0 "'.001/100 4003 .. 51ll. 0I "! 0.00000 40"''' ·,o."'0 0.""'0"1'" 

5 111.000,. 0.01'1000 b 111,1111111/111 0.0001'10 ,. 0.00011J 0.00000 8 0."'000 0.00"'1'10 
2'1105 -20.011 _0.1!IP1153 21'l0f1 .i!I!l.III0 -"'.00153 2001 "20.00 -0.013263 201'18 -a0.1Il1II -0.0£1263 
301'15 .30.1i!1!l -~."0753 1~0& -10,0" -0.210153 30tH ·30.00 -0.00263 30218 -]0.00 -0.00263 
4011'15 -50.111'" "'.1110"'1110 4~PI" -!5111.1110 0.1'1(1100111 4007 -50.00 0.00001'1 4008 -511l.00 0. "0PH'1'.! 

9 0.0 G1 013 0.001110111 tl! 0.0111"0 0.1'1001110 
209.19 .20.21111 0.01J1!l1ll0 20111 -illJ.0fJ 0. 111 IIlI1! 00 
HD19 -30.N'! .... 0;1100111 JIIIlI .. 30."''' 0.01UU10 
""'9.19 .50."'111 0,001110111 4eta .5111.11101 I!I.A1II000 
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TABLE 10.20. (contd) 

RESULTS OF ~EAO ESTt~ATION AT TI~E STEP 

~AnlAL 4 ELEMENTS SINGLE LAVEN ElPONENTIAL INCREASING nISTANCf 

TRA~SI!~IT SOLUTION ~ITH GENERATED EXPONENTIAL TIME STEP (PTRANS.P11) 

.----.-.----.-----.-----.--... ---.-... --.--~----.----.-------.. --.-._--.-.-._.--.------_._-------._._---------------------.--.-
Noof D!'TH NODE DEPTH HEAD NOD! DEPTH MEAD NODI! OEPTH HUD 

I ••• -.----------.--------.-.--.-••• --.~----.~----.--.-.--_.-_.-.--.-._--.-----•••• ----•• ----•••• _---._.-------------.---•• ---~-. w 
w 

t PI. 00C11!,! 0.0011100 2 0.0000 0.210000 1 0.0000 0.0000111 0 1IJ.IIJ!II00 0.000111111 
200t .20,00 -°.°20&6 leU -219.00 .. 0.£12466 21'103 -2121.00 -0.01111 2004 -20.00 .. 0.1"1711 
10Q11 .30.111" _0."'24&6 3002 -30,018 -0.fI246b nil] -31i!1.0", -0.01711 3004 .3fl,IUI .. 0.01711 
4001 .. 50.O8 0."'0"'1l~ 4i1!0l .50.0'" 0. o 1'1 001 fl 4"'",3 .50,00 0,0000111 40011 .. '18,1110 0.01110111111 

5 0.18000 "',elU'''''' (, "'.00(1118 0.00000 ., 0,0000 0.00000 8 0,1'1000 0.01'111100 
20111' .20.0" -0,01008 20l11b .. 2P1.CII0 ·0,01008 2001 -20.00 .0.0041'1 2008 ·218,00 -0.00419 
30105 .. 3"1.1110 .0.0100" 3o",,, -30."'0 -0,0l1'J08 3001 -30,0111 .. 0,00419 3008 -30.00 -0.00419 
UP!, .. !!I0. 1II 1!) 11.00111"'0 4006 -'0,00 11,0001110 4001 -'30.011.1 O.00000 4008 -50,00 0.00"''''''' 

9 111.01'11110 0.UUI!I 111 0,00"'~ 0,00000 
llllr119 .. 20.00 0.0.nI 00 un -Z0,01'l 0.100"" 
]tlIIII9 _3.,.. III PI 0. 111 "'''' PI" 3010 -30.00 0,00000 
40109 -50.00 0.rli0000 11010 -50.00 0.00000 
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RECIPIENTS OF PNL-2929: 

If you wish to be on the distribution list for future model computer code 
and report revisions, please fill out the form below and return it to 
Dr. Albin Brandstetter. 

REQUEST FOR MODEL REPORT REVISION 

Name -----------------------------------------
Title and Affiliation -------------------------------------------------
Address 
Date 

------------------------------------------------------------
------------------- Signature 

Please fill out this form and mail to: 

Dr. Albin Brandstetter 
Project Manager, AEGIS 

-----------------------------

Battelle, Pacific Northwest Laboratory 
P.O. Box 999 
Richland, WA 99352 
U.S.A. 




