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1. 1HTRODUCTION :

1.1 Purpose of Manual \/
This manual is prepared with a dual purposa. The first section will

Introduce you to t-ha finlte elwent-ﬁa-lerkln mathod for solving partial

differential eqizatlons and tha second part consists of a documentation that

will permit you to use the accompanying computer program In solving problems

of areal groundwater flow. The manual is designed for the practicing hydrolog-

Ist rather than the theoreticlan. Accérdlngly‘we will omit detalled discuss-

fons of equation development and error analysis, and refer the interested

reader to recent publications in the numerical methods, structural engineering

and water rasources literature.
1.2 that Is the Finitas Element-Galarkin Hethod?

As the name would imply the finits slement-Galerkin method evolved
from the marriags of the finlite slement method of Integration and the Galerkin
method of generating approximate Integral equations. The finite element \
mathod was Introduced about two decades ago In structural engineering, more \J
specifically In the aerospace lndt;s:ry. At first It was fundamentally
Intuitive, but gradually came to be associated with the calculus of variations
and the Ritz method of generating approximste Integral equations. There wers,

however, limitations to the Ritz scheme which precluded Its use In important

arsas o_' hydrology such as contaminant transport.

-l

,;_“]Humh!!a, in the oll industry, a group of numerical analysts were
euperlgstlng with the uso of the Galerkin method of generating approximate
integral equations. In contrast to the structural englineers, they wers not
concerned with the sccurate repfesentatlon of domaln geomstry but focused
thelr interest primarily on solution accuracy and numerical effliclency. As
8 result, the integration schemes they utlllized were restricted to rectangular

sub-domains very similar to thoss encountered in standard finite-difference



methods. It Is Important to point out, however, that the Galerkin method is
totally generailéﬁd, in contrast to the théyﬁfocedure. could be used to
approximate all classes of partial differential equations.

Only recently have the finite-element and Galerkin methods been
comb Ined. Thl;.comblnatlon provldés the mathematical flexibllity of the
Galerkin scheme with the Inherent ability of the finite-element method to
accurately represent irregular geometry. '

| 2. THEORETICAL DEVELOPHUENT
2.1 Galerkin's Method

Our objective In this sectlon Is to Introduce the method we use to
generate the approximate Integral equations that we later solve using the
finite~element method, This scheme, commonly known as Galerkin's method,
assumes there exists an Infinite series which will exactly represent the
golutlon we seek to our partlal differential equation. Because, in the case
of groundwater flow, this solution will be the areal hydraullc head distribut-

Ioh at specified times, the approximating sefles Is of the form

- 1]
hehe 'I' Hy(t) w, (x,y) (2-1)

uhere-
| h Is hydraulic head [L],
his the serles approximation to h {L],
H; is an undetermined coefficlent [L], and

é&?ﬁq is a basis function.
The serles approximation (2-1) will provide an exact representetion as n

approaches lnfldlty (G will ipproaéh h). By a careful selection of the basis
functions w',the undetermined coef?lélenis "I become the heqd values at
selected points (or nodes). The choicg éf basis functions to fulflll this
condition should be conslderéd the key sfep In making the Galerkin formulation

«2s



a computer oriented solution scheme. Basis functions will be considered In
more detall later in our thcorstical development.

The equation we will consider here describes transient, two
dimensional groundwater flow, Including the effects of vertical transient
leakage from a.confining layer. To minimize algebra during the ensuing

devalopment we will dafine this eguation as the operator L,

i s Lo W lo MosBoq-f oen) - cienp

(2-2)

xx N

vhera
Is the transient leakags coefficient [1°']
is the transmissivity [Lzr"],

€

T

S {is the storage coefficient [L°],

Q 1s the strength of a sink function (LT"'],
X

o/

is the vertical hydraullc conductlvliy of a confining layer ﬂfr"]

£' is the thickness of the confining layer [L],

b" Is the hydraulic head in the adjacent aquifer [L], and

h, Is the initlal hydraulic head in the aquifer [;]
The sink function Q is used to Introduce well discharge. To allow us to
easily. incorporate this term later in the analysis we introducs the Dirac
delta function 8 (note this Is not the Xroneker delta commonly enﬁountered in

applied mathematics) and defins Q as
n .
e Q= 'x' 0,‘(31.?') 6(&'8') (Y'Y‘) . (2‘3)

The Dl}ac delta function has the property that, when integrated, the function
Quwill equal Q at (x'. y‘). In other words It enables us to treat a point

sourca or sink such as a well,

The transient leakage coafficient € was Introducéd by Bredehoaft

3=
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and Pinder, l970',to account, albelt approximately, for transient leskane
from a confining bed. This coe“ficlent is developed from a one-dimensional
transient flow solution and is civen by

Care )2 - 1 e2 § exp (-n¥/a)]

. ne}]

where

ve2kt/2e'2 s ),
and S‘ Is the speclflc storage of the confining layer.

gince the approximating functlon h becomes the exact solution h
ocﬂy as n approaches Infinity, for a finite serlies equation 2-2 will not be
exactly satisfied and there will be a residual R. Using the notation of
(2-2) this s expressed as ,

Lh) = B - (2-8).
To solve (292) using Galerkin's method e attempt, in a sense, to minimize
the residual R. ‘le accomplish thl‘s by first considering a complete set of
functions w; (note that In the Galerkin method the basis functions tura out
to be the same set). t_!dn imagine generating a function that would be ortho-
gonal to each of the n functions T The only function which fulfitls this
conditlon Is zero. If we now force the resldual R to be othogonal to all
pos:lBle values of w; we are, in fact, forcfng R to zefo. and‘thereby obtaining

a solution to 2-2. Expressing thl_s another way
L) aR=0=L(n) ~ (2-5)

Unfortunately the condition expressed by (2-5) can be achleved only as n
appmches inflalty and computen can deal only with flnlte sets of numbers.
Wa are forced, therefore, to consider a finlte subset of values Y, jal,

2,...H which generally makes our solutlon approximate rather than exact.

* . .
Bredehoeft, J. D. and G. F. Pinder, Digital analysls of areal flow In

multiquifer groundwater systems: a quasi three-dlmenslonal nodel, Water
Resource. Res. €(3), p. 883-888. .

. ke



Thus we require H conditions of orthogonality of the function R and tha basis

functions W, | 2,...% nRecalling the dafinition of orthogonal functions
these Nconditions can ba expressed as

II‘L(B)w' dxdy = 0 i=1, 2,...% (2-6)

introducing the dafinition of (2-2) we obtain

“ lo 0 3 )+ L, By - s3h-a-k en)ecln
, (2-7)
W, dxdye0 {e=1i,2,...5

Equatlon (2-7) can be integrated Ly parts to obtain

aw e aw
3 M h 3h
”(‘l’ 38 -3-8.+Tway ay,dXd‘[ [(Txxa‘;l"'f l)wds |
(2-8) .
+” s 3+ qo-{x, _(:'. =h) $Clhh)w dxdy =01 w1, 2,...8

where L‘ and 2 y are tha direction cosines batvwesn tha normal to tha surface

Sand the x and y co-ordinate axes réspectlvely. It Is Interesting to nota

that derivatives In transmissivity that Implicitly appear In (2-7) are not

in (28). Substituting (2-1) into (2-8) gives us the final form of the

approximating equations.

1] 3!0- ow N o w N
y M,
”."u (I wIwr Ty, (ILhw)w*sw ,z, [ B

N .
X
P e I R T L (2-9)

-[ I?m-:—x- "x’Tyy:_’y""y]“l dS=0 =], 2,...0

A forma) substitution for the last term In (2-3) was not madas becausa the

quantity In brackets Is, in fact, the flux across the boundary of the region
.5.

N
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S. This term thus represents a flux boundary condition and is referred

to In the calculus of varlations as & natural boundary condition. The other
type of boundary condition encountered In ﬁroundwater flow Is the constant
head condition vhich Is desiqgnated as an essential boundary condition. The

task rernalns~ to determine the form of the basis fiunctions W

2.2 QBasis Functions &
Exainlnatlon of equation 2-9 revea!s that, in order to generate a set of
algebralc equatlons to solve for the il ‘undetermined coefflclents "j' It is

necessary to perform Nz Integrations of the form

M, n
” 3:: --:!-dxdyand ” ¥, dedy

fortunately the required number of Integrations can be reduced substantially
through & judicious cholce of the functions T
The orlglpal Galerkin formulation assumed that each basis function w;

was defined over the entire reglon of Interest. The idea of defining these

functions as plecewise continuous funct lons defined as non-zerc only over a
small subarea of the total reglion,was key in generating an efficient numerical
scheme. There are two basic philosophies on how the basis functions and
subregions or elements shou!d be defined. In the petroleum Industry emphasis
has been placed on higher-order functions defined over simple elements,
generally squares or rectangles. Structural engineering, on the other hand,
has uﬂltud relatively simple basis functions defined over irreguler
elwts. principally triangles or rectangles which may, in some cases, have
curvod sldes. The element that Is used In this program is fundamentally a
teciangle which may b; d?formd In & specific way. This element s referrcd
to In the structures .Hterature as a deformed Isoparametric quadrilateral

element. Because of its Irregulir geometry It Is necessary to use numerical

-



tntegration (more specifically gaussian quadratur;) to evaluate the intcarals
appearing in (2-9). To facilitata this Integration thae Irregular aslement
defined in (x, y) space (global co-ordinates) is transformed into a local

(€, n) co-ordinata system (local co-ordinates). A typical element in x,y)
space and Its transformed equivalent in (E,n) space is shown in Figura 1.

A basis function is defined for each node such that it Is non-zero
only over the slement on which the node Is located. Since a node is nearly
always located on mors than cne slement, each node will have agsociated with
" it several sub-basis functions (commonly called shaps functions In the
structures litarature), one for each of these elements. Each of the sub-
basis functions Is Integrated only over the element on which It §s défined
as &n-zero.' thereby reducing the computational effort considerably.

A typical sat of sub-basis functions Is 1llustrated in Figure 2.
There are two Important characteristics cormon to each of these thres ]
functions: they are wzity at the node for which they are defined and they
are zero at every other node, Including nodes In the alement over which they
are dafined. Consider the impact thesa two characteristics of basis functions
hava an evaluating the serlas glven by equation 2-1, which we Introduced
at the beginning of our discusslon. Assume you wish to determine the
approximate valus of h, which we designated l‘;. at soma node k. Because the

. basls functions are zero at all nodes | ¥ k the serfes evaluated at k would

w Alat K) = By W ‘ (2-10)

Moreover, because L 1s defined as unity at node k the desired head value is,
In fact, the undetermined coefficient "k' in practical problems, whers
one Is ge'nerally satisfied with a solution at speclf_led points, the numerical

problem reduces to one of solving for "k'

- 7.
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2.3 Matrix Equations ‘ )

The X equations of 2-9 can be written In matrix form as

(A1 (1) + (8] (5 + (F) = 0 . - (2em)

where [A) and (8] are ¥ x X matrices and {H}, { }, and {F} are column

vectors. Typlcal elements of [A], [B], and (F} ere

- fi awy dwy W ’
Ay -‘ (T, B 1"‘ - -5;l+ (,,. + €) wpwy) dxdy (2-12a)
If .
8y | S wyuy dxdy | (2-12b)
) r . H 3w
I-'"-- l""%' h“-Q+Ch|) dxdy-lw‘ ]Z] (Txx-l:‘tl"x
w ' .
$T -5;'- 2) Wyes (2-12¢)

.

where, 8s discussed earlier, the last term in F 1{s considered as a known
bouﬁdary condition.

in thg sequence of steps leading up to equation 2-9 we have tacitly
assumed that the time derlvative would be treated using a finlte-difference
apﬁroxluﬁ_tlon. Altl;ough the time dc;rlvatlve may also be Incorporated into
the Galc;kln scheme by simply making w, a fpﬁct’tﬁn of time, our experience

Indicates that, in general, It Is advantageous to use a finite difference

'wpmch. There are scveral ﬂnlte dlfference schemes that can be used,

olcb hlvlng lnherent advantages and dludvanuges. Our experience indicates
thlt an lmpllclt backward dlfference lchm provldes the mst accurate
so!utlons to groundwater-flav problems et mlnlmum cost. ln the backward
dlfference representatlon a flrst order correct scheme Is used to
approxlmate the time derlvatlve and tbe spatial derlvatlves are written

-10-
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at the new time level. The appropriate matrix equation is

[A] (H),,,, + (B] (fH}, =~ (M} )/at + {F} =0 (2-13)

t+at t+At

or rearranging for ease of computation

([ + [Bl/at) (H),,, = [B1/at(H}, - (F) | (2-14)

371

where the unknown values appear on the left hand side of the equation and

the known values on tha right. 1t Is Important to note that ths matrices

{A] and [B] need be generated only once unless the geot;ntry of the slement
configuration Is changed. A second Important observation is that the matrix
{A] + [c]l/at is symmetria. This Is Important not only because only half of
the matrix need be stored, but also because of the decreased computational
effort required to generats a solution to thae N simultaneous equations. \hen
the ''two-step’’ upper triangularization-back substitution scheme' is used the;
major effort involved In triangularization s reguired only when the time .
step A% Is changed. It may prove advantageous to back substitute several
times befors again changing the time step, sinca back substitution requires \/
felatlvely few arithmetric calculations.

Although it may not bs cbvious from equation 2-12 the coafficlent
matrices are not only sparse (contain a majority of zero slements) but are
also banded. The bandwidth of non-zero elements in the coefflcient matrices
plays a significant role In the amount of computational affort required to
solve {(2-14) and It is Important to minimize this paramater. The bandwidth
Is llﬁn;etlon of the maximum difference between nodal numbers occuring on
the s:; eslement. The differencs occuring In the slement of Figure 1, for
example, Is 6 (7-1) and, 1f this was the maximum difference encountered
after exanining all elements, the half-bandsidth would be 7 (the maximum

difference plds one). You will soon learn from experience that the minimum

*
Weaver, Willlam Jr., Computer Programs In Structural Analysis, Van
Nostrand Reinhold Co., ilew York, 1967.
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bandwidth is generally ocbtained by numbering sequentlelly in the directlon
of the smallest dimension of the model. T'oflllustrate this point reference
is made to Figure 3 where & model consisting of five elements and 27 nodes

is numbered first using the procedure described above (case A) and then along
the length of the model (case 8). In case A the half-bandwidth of nine is
dictated by element 3 where the maximum nodal difference is eight (18-10).
The half-bandwidth of 19 In e:‘tample 8 is determined by element ! where the
difference is 18(19-1). Example A further demonstrates that when the
minlnunm dimension convention is adhered to, the use of higher order elements

Is generally at the expense of an increased bandwidth.

2.4 Boundary Conditions

Constant head and constant flux are the two boundary conditlions
generally encountered In groundwater flow problems. The constant flux
condition was mentioned earller, and s easlly Incorporated by simply

specifying a value for the last eerni In equation 2-9. which may be written

3h |
-ls “xxﬁ"x""w ay!.)\w dS--ann' ds v_(z_-!S)

uhefe q. Is the normal flux along S. t‘hen the flux q_ s assumed constant
n : n

along an element face of length L the Integration of ( 2-15) will give the

. nodal allocations indicated In Figure &, V¥hen the total flux crossing

the boundary Is known, such as at a well bore, the allocations are made In
the Same way. in contrast to finlte difference methods, 8 point sink can
be ?lafeunted using the Galerkin-finite element scheme by simply allocating
the approprute discharge to a specific node.

Constant-head boundaries are handled by speclfylng the Initial
hud conditions at the lpproprlate boundary nodes snd factoring out those

rows and columns In _the coefficlent matrix associated with those nodes.

el2-
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inasmuch as constant-head nodes are thus affectivaly eliminated from our
metrix equation, ws will be left with (N-H) equations In (N-H) unknowns with \_/
M being the number of constant-head boundary nodes.

2.5 Parametei"Defln!tlon

Examination of equation 2-2 reveals that thers are four aquifer
paramaters to be specified Aln order to simulate transient, two dimensional
groundwater flow. These parameters can, In theory, be specified aither for
each noda or for each element. Becauss the niunerlcal solution requires
slightly less computational effort when parameters are assumed constant over
an element the storage coefficient S, the head in the adjacent aquifer hy»
and the ratlo of vertical hydraulic conductivity to aquitard thickness %.
are specified for each element. The transmissivity may be specifled.elther
by element or by node and this cholce Is left to the discretion of the user.
A modest improvement in solution accuracy can be anticipated wheﬁ nodal
transmissivity Is ased. ' v

—/

2.6 Numerical Integration

Although the integration scheme used In the program is Invisible to
the user it Is discussed here for the benafit of those readers who wish to
examine and understand the computer cods. As indlicated earller the basls
- functions w, are defined, and the numerlical Integrations pe.rfomed, in the
loca) (t.n) coordinate system. Equation 2-9 Is, unfortunately written in
globqﬁ‘(x.y) coordinates and must be transformed to the (E.n) system. To
perform the transformation of the basis function derivatives ?:7'- and 3:—; we
use the relationship
!a”" 'au"

x 1 L o
{ 2 =Y 4 > (2-16)

——
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where J is deflned as

f2.3 3y
3 13
Js= (2-17)
x ?
‘jsa m
?ortunately the matrix J can easily be evaluated numerically from the
relationshlp :
p - "
Y I L
Je LT & X, ¥ (2-18)
w w aw_-
| -2 .o n . .
T am  am . .
X Y

where X;, X5,... and y{, Yye.-.0re the nodal coordinates. This relationship’

~ (2-16) may be obtained by developing a serles similar to (2-1) for the -

spatial variables x and y, and substituting this Information lntd (2-17).

The only other transformation required Is the replacement of the element of

area dx dy by the relationship

dxdy = det [J] dndE. | (2-19)
The limits of integration in thétlocnl coordinate system become =1 and +1
In both integrals and we obtain for a typlcal element

LI : _
w '"l w, _
Ars -J l L :: =y ay"' le + (‘E‘. +C) w‘wj) det [J] dndg

Slmliaf expressions are dcvelobed for the remaining terms In 2-12 without
the lhtrod‘uctlon of any additional transformations. Terms of the form of

(2-20) are appropriate for lﬁtegratlon by Gauss points. {n this method of

integration particular values of the function to be Integrated are calculated

’ at selected points !n the domain of integration (lnfﬁhls case within the 2

-‘6-



by 2 square of tha local coordinate system). Thase values are waighted in

a prescribed manner and summed to give the valus of the desired integral. The \./
numbers of points required to provide an exact solution depends upon the

degree of the polynomial being integrated. A polynomial f(x,y) of degrea

2W=1 requires Nz

points distributed svenly over the area of integration. A
B by 4 rule Is used In the accompanying groundwater flow program. For a more
datalled discussion of Gauss points, their location and thelr welghting

factors ses Zlenklewlcz and Cheung, 1967, p. 263.0

3. PROGRAM DOCUMENTATION

3.1 Introduction

The accompanying computer coda was devalopéd by G. F. Plndar and
E. 0. Frind for solving transient, areal, groundwatar flow. The theoretical
foundatlionof the coda and a comparison with an alternative flntta—dlfferen;g :
scheme Is presented in Pinder and Frind, 19722 Other modifications were
recently added by P. €. Trescott of the U.S. Geologlcal Survey, Reston, \\-’/
Virginia.
3.2 Program Structurs

The computer. code s written in FORTRAN IV for use on the 184
360-370 series computers. It consists of a maln program and five subroutines,
SHAPE!, CLAY, PLOT, DBAIIDI, and SBANDI. SHAPE! generates the particular

" values of the shapa functions, thair derivatives and the daterminant In

(t.n);iﬁﬁéa for Integration using Gauss points. CLAY provides the transient

e .

leaklifl fficients necessary to simulats vertical flow into or out of the
aquifer due to adjacent confining beds. PLOT presents information pertaining

to nodes on an (x,y) plot generated on the lines printer. DBAiID! places the

1Zlenkleulcz. 0. €. and Y. K. Cheung, Tha Finits Element ilathod In Structurs!
and Contlnuum llechanics, p. 263, leGraw-HIll, ilew York, 1967.

2Plndar. G. F. and E. 0. Frind, Application~of Galerkin's procedurs to aquifer
analysis, \fater Resourc. Res., 8(1), 1972.

=17- —
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coefficient ipa”irlx in upper triangular form. . SBANDI useg the results obtain-
ed from DBAND! iIn conjunction with the known vector to. back substitute for
the desired solution at a particular time step.

Because the coding of the Galerkin-finite element method is some-
what difflcult to follow care has been taken to provide adequate comment
cards In the program.

3.3 Program Logic

Input. to the program Is stralght-forward with the exception of the
element Incldence, which Is a description of the noda) arrangement around
each element. UDecause this information is read In y:lfh a."free“ format,
some effort must be expended by the computer in translating the card Image.
In addition the use of mixed elements requires the condensation of the
unused nodes around each element. Twelve nodes must be Initially assumed
for each element and, depending upon the order of basis function assumed -
for each side, from four to twelve of these nodes may be actually used.

All operations lnvolvln§ numerical Integration are performed
element by element, The first step In the computational algorithm, there-
fore, Is the calculation of information required for numert'cal integration.
This information Is cobtained for all nodes on a given element. The
Integrations Indicated Vln (2-12) m:e now performed and element coefficient
matrices generated. These matrices contain all the coefficient Information

for the element under consideration end, because these matrices are

2

sym‘gglc. only half of the elements need be calculated. The Information
fmthe element coefficlent matrices are allocated to the global coeffi-
cent matrices, which are used in solving the (i=M) simultaneous equations.
mﬁ boundary conditions or wells are encountel;ed this Information Is
placed In the known vector. The matrix equation 2-14 s solved by upper-
trtangularlui!on and back-substitution. Trangularfzation is necessary



-

only once provided the coefflicient matrices ara notmodified. Unfortunately
the matrix B depends upon At and a tradeoff rasults between the computational \__/
advantages of changing the time step and the additional affort of upper
- trangularization. Back substitution requires refatively little computational
effore.
The printerplotting capabllity is provided becauss the numerical
' results are, in genaral, difficult to interpraet dus to the arbitrary
arrangement of the nodes. To permit the Individual representation of nodes
in close proximity, only thres significant flgures can be used to describe
the plotted parameters. Although this cdnstralnt I1imits the usefulnass of
the plot for detalled analysis, it neverthesless provides a convenient

mechanism for quickly evaluating tha numerlical results.

— g -
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&1 {Input Data

4.2 Data Set 1:
Variable
CARD

4.3 Data Set 2:
TITLE'

.4 Datag Set 3:

RN
HE
HS
s
NF
HL

4.5 Data Set 4:

TINE
DELY
CHHG##

(THAX
1TcHNG

.
e

Identification
Format

(20A%)

Title
(20A%)

Varlable Description

Data set ldentification; punch
1SOQUAD in the columns -7,

Title fnformation; Information
typed on this card is reproduced
exactly as a heading on printout.

Element Identification

Humber of nodes
Humber of elements
Hiumber of constant head nodes

Global coefficient matrix half-band widtt

Humber of source or sink nodes -~
Number of leaky elements

Pime Identification

F10.0
F10.0
F10.0

ito
(o

Duration of simulation pericd In hours
Initlal time step 4t in hours
Multiplier used to change size of
time step according to relationship
8t = CHEG * &t,

Haxlmum permitted number of time steps
Humber of time steps between changes
In At. ' .

See text for method of approximating this parameter.

A suggested value for this parameter Is 1.5.

20



3.6 Data Set §5: Control Codes *

X#01 - 15 Consider as watertable problem —/
Xgo2 5 Printout of alement coafficient matrices
K@o3 15 Printout of global coefficient matrices
Kgoh 15 Punchout of calculated head values at
: normal termination of simulation
K@bs 15 Requirae steady-statae solution only:
matrix equation is solved only onca
K#D& 15 Printer plot of computer drawdown at
each tima step
X§D7 15 Printer plot of computed head at each
A time step
xg0¢ 15 Priantout of known vector in matrix
equation

x$09 15 Read nodal transmissivity**

4.7 Data Set 8: BKodal Co-ordinates

FACTER F10.0 Hultiplier for nodal coordinates:
often used as a scaling factor for
changing units 1.s. changing feat

to meters.
new card
J 15 Nodal number
x(J) G10.0%A% X coordinates of node J </
Y(J) 610.0 Y coordinates of node J

Note 1: For each node thars Is one card contalning tha above three
variables (theras should be NN cards)

4.8 Data Set 7: Discharge at Source and Sink Nodss

]1] 15 tiode where discharge is specified
FQ{1Q) 610.0 Specified discharge (this may be
speciflied along boundaries as well
gv ) as at point sources and sinks)
Hoti 2: The abova two variables are specified for each discharge node,
one card for each node (there should be NF cards). Discharging
walls are negative.

®
A value of | initlates procedurs, a valua of zero suppresses procedurs.

Hhen transmissivity is provided by element only, X#D9 should read zero
so that data set 9 may be omitted.

A G format is equivalent to an §, F, or E format specification. See
Section §.17. 2



[

4.9 Data Set 8: Initial Head

o1
'!ote 3

k.10 Data Set
PTRANS

' !cte(h:

k.11 Datag Set
BASE

Hote 5:

h.la'nata Set

Note .63

(8F10.0) Initiel heed values.

There will be 8 initiel head values per card end
EN/8 cards. ,

9: HNodal Tranemiseivity

(8Fr10.0) Trapemissivity velues defined
- ot nodal locations.

There will be 8 trensmissivities per card and
HE/8 cards. Vhen transmissivity is defined by
element, and KOD9 1 specified as zero this

date set mey be omitted., When a watertable
aquifer is essumed, this d&ate set is interpreted
as hydraulic conductivity.

10: Base Elevation

(8F10.0) = . The elevetion of the
base of a water table
aquifer

There will be 8 values per card and EN/8 cerds.
WVhen transmigsivity ieg defined by element, and
EOD9 {8 specified as zero, this data set is
omitted. When & watertable aquifer is not
assumed, and KOD1 1is zero, this data set is

onitted.

11: Element Tranemiseivity and Storage

I3- Element nunmber
F6.0 Transmissivity defined eas
' a constant over the
element L
F6.0 Btorage coefficient defined
a8 a constant over the

element L

The above information is recorded for eack of the
NE elements with one card required for each
elenent. Recording & zero velue for TRANE (L)

~dndicates to the program that nodal trensmissivity
" 48 to be used. VWhen & vatertable equifer is assumed

STJRAG 18 the specific storage.

.22-
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4.13 Pata Set 12: Element Incidencas

L
CHAR

Rote T:

.14 Data Set

LRT
Note 8:

%.15 - Data Set

I3 Element Nunber N—
free format Coraer and side nodes ’
locatesd on element L.

Ths node nunbers are recorded beginning at a
coraer node and moving counterclockwise around
the perimetar of the elamant. Each corner nods
is follovaed immadiately by a dollar sign and
the first node is rapesatad. One or more blanks
zust appear detween esach nodal aumber or nodal
aunber plus dollar sign. A3 an sxample tha
element appearing in Pigure 1 would be descrided
as 13 4 T8 63 5 3 23 13. Thus the order
of sach element 3ide i3 eonpletely dafined by
the slasment incidance.

13: Constant Head Boundary Nodas

ITh Constant head node

A maxinum of twenty values are recorded per card.
This. data set thus regquires ¥3/20 cards. When

there are a0 constant head boundary nodes this

data set may de omitted. An error message is \\4/
generataed when the aAunmder of non-zero values i3

not equal to NS,

14: Leaky Blement Paramgters

F15.0 Hydraulic conductivity of

BYCYHD
confining ded
83 715.0 _ 8Specific storage of confin-
' ing ded
;-new oard
"TI 15 Laaky elesnent nunmbder
TEK (1) 610.0 Thickness of adjacent
eonfining bed
H2ZBRJ (I) 610.0 Hydraulic head in adjacent
aquifer
Hote 9: The adbova information is recorded for sach

"leaky element,” one element per card, resulting
in XL cards in this data set. When no leaky
elements occur this data set 1s cmittea.

w23 - . N2
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new eard

ILABEL
YLABEL

TITLE

Hote 10:

new card

] A

| IMAX
: , .

i

i

]

H XMIR
HXS

NIRX

I
e

S 7Y

IMIK

4,16 Datc Set 15:

IS

248
3&8

SA8

Information for X-Y Plot

HPP is one for heed plot
only, tvo for dravdown plot
only, three for both heead
and dravdown plots.

Up to 16 elphameric
characters for the X-axis
ladbel :
Up to 2k ealphemeric
characters for the Y-axis
ladel

Up to LO alphemeric
characters for the plot
title

For plots of both head &nd dravdovn, two cards
with the above information are required, with the
information for the head plot on the first card
and for the dravdown plot on the second. Date set
1S msy be omitted if KOD6 and KODT ere zero.

G10.0

610.0
. G10.0

G10.0

Gl10.0 -

610.0

- 24 -

Maxinmum velue on X axis
(vsually slightly greater
then the maximum X-coordinsate
value so thet nodel values
appear ingide plot border

Minimum value on X-axis
(slightly less than minimum
X-coordinate velue)

Humber of segmente on X-axis
(1 ¥XS is one, only the
border lines will be plotted)
Hunber of inches per X segment
(12 EX8 18 one, NINX is the
aunber of inches betveen
borders)

Maximum value on Y axies
(slightly greater than
paximum Ye-coordinate value)
Minizum value on Y axis
(slightly less then minimum
Y-ccordinate value)



Data Set 1$5:

xxs
¥INY

new card

kx(1)
CMAX

i ADDN

Note 1l1:

Tadle 1.

(aontinued)

Gl0.0
Gl10.0

Gl10.0
310.0

G10.0

Junber of segments on

x =-axis

unper of iaches per

Y segmant (if BYS is oae,
RIBY is the anunmder of
inches batwean the
borders note the
Tequiremeat NYS *NINY £12)

Nundber of valuss to da
Plotted (1.s. numder of
nodes in model, §N)

Controls the smallest
significant figure plotted
for head

Controls smallest significan
figure plotted for dravdowa
(analagous to CMAX)

As an example for the use of CMAX consider the

head valus 1.23456.

CHAX

0.01

0.1

1.0
10.0

The plottad aumber vsrsus.
- CHMAX valus selected is presented ian Table 1.

Plotted Number

1 \~¢/
12

123
234

nota that a maximum of tArgea figuras are plotted.

Tabnlated values of CMAX and plottsd values
resulting from the number 1.23456.

%.17 ;.pata 3et 18: Bnd of Data Identification

(20A%)

~25-

Ead of data i3 indicated

dy punching XXXX on this
card vhich appears at the
end of the last data set.

If more than ons problenm

is being run this card does
not appear between prodblenms.



.18 Miscellaneous Comments on Dats Input
Although tbhe G format ellows considersble flexibility

in data 1n§u§. it 1s important to recogonize thet vhen en E

or I formet specification is implied the rules governing these
specifications must be folloved. Hote particularly the numbers
read usizg E or I specification nust be right justified in their
field,

Altﬁough e satisfactory element cen be generated oﬁ( of
very irregular geometry, there are cccasions when & particuler
elenmernt geometry will lead to an 111-eonditfoned matrix. When
this situation arises the upper triangularization eslgorithm
will agein fail., Unfortunately those elements with tke most
extreme gshapes are not, necesserily, responsible for the 1ill-
conditioning. One recognized source of &ifficulty involves tke
location of side nodes. While ve have mot dizcussed specifically
the locaticn of side nodes, it hes been tacitly assumed that they
wvould be placed such as to bisect & side in the case of &
quadratic element or to trisect & side in the case of a cubic
elenment. In practice these restrictions are unnecessary e&nd one
has considerable freedom in locating nodes along & side.
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An {ll-conditioned matrix may bds generated, hovever, by locating
a side nods too near a coranesr node.

Pigures 6 and T are provided for those users totally
unfaniliar wvith card iaput to a digital computer. Figure 6§ is a
diagrammatic representatioan of a card deck and a sampls coding
form 13 presented in Figure 7. Figure 8 is a printout of the data pre-
.sented In Flgure 7.

To facilitats modification of the program to accomodate
prbblens or'varying sizs, tha accompanying program uses objesct
time dimension statemeats. As a result only one dimension

- statemant (the first in the main progran)is dependent upon

problen size. Tadle 2 13 provided to assist the user 4in making
changaes to miznimize the storage requirements of ths program where
HY i3 the numder of modes, §B is the half-band width, § is the
degreas of freedom and NE is the number of aslements.

8(§8,88) X(3%) ‘ DDDN(HN)
P(s,xs) ‘gI(NN) STORAG(NE)
H(8,§B) FM(NN) xx(1,8%8)
I8(13,%E8) gLD(EN) YY(1,8%)
TRANS(NE) FQ(XN) _ cc(ny)
THK(NE) RT(¥E) INDEX (X¥N)
LR(N¥N) IRPLI(NE,5) U(5%)
LRC(N¥X) HZBRJ(HR) Ug(xx)
‘Y(BE) PTRARS(NN) QCHP(EN)

Table 2. Major arrays with dimensicns indicated symdolically

by variables from data set 3.

%.19 Printed Output

. While the printed output is dasically self-explanatory a
few (adztionnl comnents may be warranted. The nodal coordinates

prinﬁa&‘are identical to those read and have not dasen multiplied dy

the scaling factor. Tihe degrees of freedom printed under the

heading "Finite Element Data' refer to the number of equations to de

solved and differ from the total number of nodes dy the nunbar of
constant-head nodes where, as indicatad earlier, no equation is

generated. The global coefficient half-bandwidth presented

=27~-.
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immedietely preceeding the first computed heed solution is the
actual helf-bend required as contrested to the estimated value
provided as imnput to the progream.

-28-
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FORTRAN SQURGCE
CONTROL CARDS

Flg. 6 Dlagrammatic representation of a computer card
deck for Input to 1SOQUAD 2.

| -29-



x:::::'.‘::s:::::a::

~

S . N m— -

C

O

reoceanmiz PINVDE R

U S DIPARIMENT OF ING INTERIOR

383-.-_-00--.-

orvsion ; WR2 CEOLOGICAL SURVEY PROGRAM NO. sweet
locron . poNE COMPUTER CODING FORM _ | rroxa . 2
rrocean pentmcanon:. L SOQUADR ' ce- - SIATEMENS
1| rrocran miomwanon. .. SAMPLE CODING . FORM FOR FPRPBLEM AS INSET IENTIFIATION
}5‘&;13 0 DT nra‘r '{MTL et [ Nj_n‘u[h n.u 1307y -TTT:_}M‘::'M’AI (1 n' ' 1o uruhc u.u]u sl Poseisthye, u-.lo - _n'u.u\'u'u oelen, n,'- 2 ) :;*u,y "“f': s
) ] 5 e - -4 l i
FAMP L. maaz.@pt r 260 .Arz ? 7A x.wn'x.r 1974 2
. ' 8 A ' : ‘ i H o ' . i P i .
' I.. ' ' oos. ., i, M Ny ] 10 || . 1 '
1".1d ,/i !,/5:. 0. ' '1'11.,!.. A RV P A o
HEN [ Sy | . . 3 : : - e i ' ' -, - . . 0
: I [N} 00.5, g ' ’ ! | i \ P 1 | l ' . .. ' ! .
! ’ 3 ‘ ; o-' o- v H t l 5 a, . [] . ' i : .
allileshliee] TS L}
’.s{"*‘ Y s 1T o0 T b ® detiat
6 A\l 0. ‘ 6-5 | I Co . N
7 za-0):|1]! 0.0 e I IR S
!? '2-"';"; i VD-IO. t Lo p | '-.'{llsi‘ l||g: vm’-—?vi"“’:
A 2anik DRI !
4 . i ! ’0 . i I,o ) ’,a : ,].O‘ . ! U:O ' ! ’!o’ ' i . L. "
' . k 1.100 | ., ll .00 1..00 1.100 | /,-00 i l,..00 i l|-i00"
’ ) P 1 . . [} [ L4
e e I e L T
r—l.,f_ "i _;1..’«{!".’ T- ! TT' I , ML BRI T e
54 _éﬁ,fﬁ.iié . A HI U "
'5735 .' :!;" ] e : ; :‘l ; . nn } I:vI; ;, I' |',%; i :I
[N B N B SR T 'V i H i 4 ' ' . ] ] ' ; ‘o A
)., x-a e | XeAxzs L slampLlE md’m.sn FoR. DocuMENTATLAN HEAD | »
Ly XA oy Ly-axps ]| T L spmeLE leroBLEM rmr DOCUNENTATLON, DDN | | |*
P RN U NS & 8 B I SO O - N - DR Y
Ce e . | ! e .,Qo; e 1 Illo‘ ! . ' ' ’.., . ' L. f : e Ca e "
X XXX |§| |,|!| i:;”,'.'% 'l co N R ; :
iritatslol e il abigywls afoi ol ool ol statintslalootedstudodafor st edtsgs sl s st b ot i
Ao 31 A ) Vo N I h'H_‘ [ R A oo 'l‘ R ;_'__.”‘ N L‘ Wosts. NAN C6r I kAT L'a it FORM

*




e e R R e R R L L D R R R R I e e I e Ko e K Ke K X e N

Y R R R R R R E E I E Y Y N )

SEASEEEBEESEEEBEEEEEEEESERE SRR ABURERES LB SRS EREREEERAERARSSRNRRRE RN D

1S0QUOAD2 .
JANOUARY 1974 .
RBVISED AUGUST, 1978 : .
BREBVISED AUGUST 1976 “_/
PU22033: 1) SISULATE TRANSIENT, AREAL, GROUNDWATER PLOW USING
AIXED ISOPARAMETRIC ZLEMENTS.

*

|

E
] .
L
*  PROGRA44:ZD 3T .
' " GeP, PINDER, D3PT. OP CIVIL BENGINBERING, PRINCETIN =*
] : UHIVBBSIT!' PRINCETON ¥.J. 08540 AXD U.S5.G.S. *
] RESTON, VA, .
] B.0. PRIND, DEPT. NP BARTH SCIENC2S, UNIVERSITY oF =*
* . WATERLOO, WATERLOD, ONTARIO, CANADA *
* WITH RECENT MODIPICATIONS BY *
L
- »

P.C. TRBSCOTT, U.S.GeS., IBSTIN, VA,
ERSEBEEERABAARERESERSSRBEXBXBEEEE SRR R SRR LA EREERC KRR EARAE AR AL BEAB AN

SN SRR EBRESELER RS R RS SSRERESERRERE SRS RN AR RERR RSN EEREREREEERNE S

ADDNeeooo PLOTTING CONTROL FPOR DRAWDOWN

AGeeaovee AIIAY OF IVTEGRATION 20INT LOCATIONS

BASBeseee LIVATION OF BASE OPF AQUIFER FOR WATER TABLE PROBLEA

CHARseee«cHARAZTER AERAY POR INCIDENCES

CHNGeaaee JULTIPLIBR POR INCRBASING TIPE STEP (DELT=CHNG*DELT)

CMAXeeee s PLOTTING CONTROL POR HEAD

DDDONeees« PI0JECTZD HEAD POR CALCULATION OP TRANSMISSIVITY

DELleceeIJITIAL TIME STZP IN HOURS

DIPPoeseeSONPUTZD RESIDUAL CP 4ASS BALANCE . :

DGZeesee«X DIRIVATIIVE OPF BASIS PUHCTION FOR ALL ACTIVE NODES I¥
3LBAZNT EVALUATZD AT XI,YI

DGYseeesesl DIRIVATIVE EBQUIVALENT OF DGX

DLBAKS...372ADY LEAKAGE POR ONZ JINE STEP

DLB3AKT...TIAJSIENT LBAXAGZ FOR ONE TINB STZEP

DST0Reee«cHANGE IN STORAGE PFOR ONE TIHE STZ2P

PACTORe e« SULTZPLIZR POR X AND Y COORDINAIZS s

PPeccceee3ASIS PUNCTION FOR ALL ACTIVE NODES IN ELENENT, EVALUATZD®
AT XI,II

PQecesees30TACE AYD SINK (DISCHABGE IS MEGATIVE)

H1%eeeeoe ASISHTING COBPPICIENT POR NUMERICAL INTBGEATIOXN

H12e0cee e SIGHTING COBPPICIENT POR NUMERICAL INTEGRATION

H22¢e0cees 42IGHIING COEPPICIENT POR NUMERICAL INTEZGRATION

HYCONDe o« HYDRATJLIC CONDUCTIVIIY OP CONPINING BED

0Z2330eees 8200 IN ADJACENT AQUIPER

IPLO. ¢3es LOCATION OF CONSTANT H2AD HODES

I¥eseniasLBMENT INCIDENCE

ISTEDY;¢+T33T POR STEADY-STATE LEAKAGE

Ilecoeees JYNB2I OP TINB STEPS CALCULATZED

ITCHNG.+.1UNDER OF ITINE ST3P3 BETWEZN CHANGES IN DELT

ITMAZ.ee« IAXINUN PERMITTED NUMBZR OP TINE STEPS

J3dHeces s HALPBANDWIDTH (INCLUDES DIAGONAL)

JDeccesess ARRAY OF ACTIVE NODES IN ZLEMENT

JNDPeces« VEGRERS OF PREEDONM (NODES LBSS CONSTANT HEAD ¥ODES)

L 3K 2K 38 2K 2K IX 3R BF 3R O N

ﬁl"(
o

L2 2R K 2R 2N 3K 2K 2R B K AR AKX B A J

e Y Rl alalealealelalaloa e e le e e le et T S NPT P
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JNZLeeee s JUNBER
JNNDeveoos HUMBER
Kx....-..uuqsga

OF ELEMZNTS
OF KODES
OF VALUES TO BE PLOTTED

KIDIeeeeecONTIOL CODES: 1 INITIATES PROCEDUFE,

0 SUPPRESSES PROCEDURE

KODi-..:ONaIDER VATERTABLE PROBLEN
KOD2.++PINT ELEMENT COEPFPICIENT MATRICES
KODJoeo PRINT GLOBAL COEPFPICIENT AATRIX
KODYea o PUNCE CALCULATED HEAD AT END OF RUNM

KOD3.e« ASSUME

STEADY STATE PROBLEN

KOD6eeoPLOT COMNPUTED DRAWDOWN
KOD7eee PLIT COMPUTED HEAD

KODS.. . 21INT

KNOWN VECTOR (IE. RIGHT HAND SIDE OF EQUATIOX)

KOD7oeaeR2AD NIDAL TRANSMISSIVITY
LeeooceoeiNDSX INDICATING ELEMNENT NUMBER
LRCesceee cUNNULEITIVE SUMNMATION POR CONSTANT HEAD VRLUBS
lBecosees Z NDICATOE ARRAY POR CONSTANT HEAD VlLUZS

Becoseaos JINBER

OP ACTIVE NODES ON ELENENY

HBIeeooesSALCULATED RALF-SAND NIDTH

NINXeoeooe SNUNBEF
HIlYeeeos NUMBER
Heeosoeoee SUNBER
HBeveooeeeILOBAL
NEeocooes IUMBER
BPacence s HIMBER
KlLeosooses SUMBER
HNeoooaos JUMBER
FPeococess IUMBER

NPPeeeees CONTROL POR PLOT; 1 FOR BEAD, 2 FOR DEAWDOWN, 3 FOR BOTH

NRe ecesee YUMNBER

"HSeseese NUMBER

HXSeseeoo SUNBES
HYSceoee s NKUMBER

OF IHCHES PER X SEGNENT OF PLOT

OF INCHES PER Y SEGMENT OF PLOT

OF DZGREES OF FREEDOY (NK-NE)

MATREIX HALPBAWD WIDTH (ESTIELATED)

OF ELEMENTS

OF SOURCZ OB SINK KODES

OF LEAKY ELEMERTS '

OP NODES

OF INTEGRATION POINTS PBP COORDINATE AXIS

OF CONSTANT HEAD HODES (ACTUALLY READ)
OF CONSTANT HEAD NODES (REQUESTED)

‘OP SEGHMENTS ON X AXIS OF PLOT

OF SEGHMENTS ON Y AXIS OF PLOT

OLDecoee«cINPUTED HEAD FROM PREVIOUS TIME STEP (CONDEKSED)

PeoceoseeSLOBAL COEFPICIENT MATRIX ASSOCIATED WITE TIMZ DZRIVATIVE

PEBeoe -QOQ&LEHBB

MATRIX ASSOCIATED WITH TIME DERIVATIVE

TRANSee«JODAL TRANSNISSIVITY

PUNMPecessSUM OP SOUECES AND SINKS
QCOEP. i« «IRANSIEET LEAKAGE COZPPICIENT
QCOP.Fi s+ ARBAY OF TEANSIENT LEAKAGE COEFPICIENTS
RTeee}s+s YECTOR CONTAINING SOURCES, SINKS, AKD BOUEDARY COKDITIONSS
Seceesses3LOBAL COEFPICIENT MATRIX ASSOCIATED WITH SPACE DERIVATIVS
SZeeceees SLEYENT EATRIX ASSOCIATED WITE SPACE DERIVATIVE
S¥INeceos ZLAPSED TIME I MINUTES

SRCRecessSOKTRIBUTION OF ELENEHNT TO KHOWN VECTOR
SSeeecessSPECIFIC STORAGE OF CONFINING BED

SSECecees ELAPSED TIEE IN SECONDS

SSECtecsZLAPSED TIME IN SECOHDS

L B N B BE BE O B 2K B B R R 2R SR N OK BN AK IR B NN BE NE IR B NN B R BK BE K B N BR OB B B W

[ 33K 2% IR N
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C

c
Cc

* STIYBeces2LASPSED TIME IY HOURS &
# S?03A3...3TORAGE COEPPICIENT .
2 THReseeeocHICKNESS OP CONZINING LAYER .
* TINBeeeesSINULATION PERIOD IN HOURS »
8 TKeeoeooo l RANSMISSIVITY ZVALUATED AT INTEGRATION POIXN?T ]
* TRANSceee ZLEMENT TIANSMISSIVIIY ]
% UseceseeecALCULATZD HEAD (EXPANDED) .
* Uleeceeeee INITIAL HEZAD (EZXPANDZD) .
* UIKeeeoosNITIAL HZAD EVALUATED AT INTEGRATION POIRT *
* UKeecoooeod2AD EVALUATED AT INTEGRATION POINT *
®  UKOeseceoeH3AD PFOM PREVIOUS TIMZ STEP EVALUATED AT INTEGRATION PT.*
®* UOeeeaesscOMPUTED HEAD P3IIM PREVIOUS TINE STEP (EXPANDED) *
2 X eccceseX COORDINATE OF YODB »
% XlececeesX COOZDINATE OP INTEGRATION POINT *
* XLABEL...L3ABEL POR X AXIS OP PLOT .
*  XMAXeceeoedaXINGN VALUZ ON X AXIS OP PLOT L]
3 X4IMeeeesdAXIMUN VALUZ OY Y AXIS OP PLOT .
$ Y cecceeef COORDINATE QP NODZ .
2 Yleeeeoeol COORDINATZ OP INTEGRATION POIRT .
* YLA32L...LABEL FOR Y AXIS 0P PLOT »
* TiAYeeesoIAXINDY VALUE ON Y AXIS OF PLOZ ]
* TMIN.eeeAININUX VALODE ON Y AXIS OPF PLOT .
t"“t"“..!"t‘t"t'..*.tt‘tt""".“‘*‘t“*"‘t*‘.i““"ttttil"t

eeeeMAIN ?RJGRS! POR INITIATING OBJECT TINE DIMINSION STATEMNENTS
DINBJISION DGX (12) ,DGY(12),F(12)
INTEGER*2 IN

decccncccsccesaaTHE ENCLOSED CARDS ARE PROBLEM DEPENDENT-e~esccccccaes
DINENSIIN 3(50,25),P(50,25),4(50,25) ,I8(13,30),XX(1,50),YY (1, SO).
1IPLI(39,35) ,LRC(50) ,X(50),X(50),0I(50),? !(50),01D(50),P0(50)¢ 2(50)
2, PIRA&:(:G),DDDS(SO),CC(SO),INDEK(SO),0(50),00(50):QCO?(50),T‘lNS(
330),215(30),BZBRO!30),SIOBIG(30),LR(50),3&38(50)
JiDP2350
JY¥BL=30
JEXDa3Y
- JBWd=23

bocscecsscasssns - - ->e - - acoaccead

PN .
CALL:343P3X (J¥3L,JHNND,JBWH,J¥DP,S,PN,IN,0,X,7,D5X,D05Y,D)
CALL 08A¥DI (JXBL,JNN¥D,JBWH,INDP,S,PN,IN,U,X,T)
CALL 3BANDI (JNEL,JH¥ND,JBWH,J¥DP,5,7M,IN,U,X,Y)
CALL 442306 (JNBL,J¥¥D,JBVH,S3,P,H,IN TRANS,JHK L2C,Y,X, UI,P! u,0LD,
1 ?Q,RT,IPLO, HZ2R0,PTRANS,DDDN,STIORAS,XI, Y! +CC,INDEIX,
2 UO.QCOP.DGX.DG!,?,LR.JHD?.BASE)
sTop
B¥D
SUBRJULINE MNPROG (J¥EBEL,JHNND,JBWH,S,P,H,IN,TRANS,THK,LPC,Y,X,0I,P8,

- - - od wd mh wd o) D ) b o D d ad ) D o b b od ED ol b b
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*

OO

c
C

3
1 g,0LD,FQ,RT,IFLO,HZERO,PTEANS,DDDN,STORAG, XX, YY,
2 CC,INDEX,U0,QCOF,DGX,DGY,FF,LR,JNDF,BASE)

R C e E L E T e E e E e e E R S R e e N E E E E E R E E R EE EE S S EEECETCEESIESEEE

DINMENSIIN S (INDP,JBWH),P(JNDP,IBWH) ,R (INDP,IBWH) ,IN(13,JIKEL),
TRANS (JKEL) ,THK (IJNEL) ,LRC (JKND) , ¥ (INYD), X (JNKD),
GI(JNND), PN (INND) ,T (IKXD) ,ILD (JUKD) ,PO (JNKD) ,ET (JUND),
HZEBRO (JNEL) ,PTRANS (JNND) ,DDDN (JKND) ,STORAG (JNEL),
XX (1,JRND) , XY (1,IN%D) ,CC (JXND) ,IKDEX (IJN¥D),Ud (INKD),
QCOF (JXNKD) ,IFPLO (JN2L,5) ,LR (JNND) ,BASE (JNED)

DIMENSIJON TITLE(20) ,CHAR(6S),DIGIT(10),AG (6),CIE(15),DGX(12),
DGY (12) ,DX(12,16) ,DY (12,16) ,D3TI(16),Q(16),SE (12, 12),
R(12) ,K2(50),JD(12) ,LRT(50) ,P(12,16),PE(12,12),FF (12),
QP (16) ,SRCRT (16) (SRCLT (16) ,S°CR (12) ,TK(16) ,UIK(16),
UK(16) ,UKO(16) ,3L(16) ,TS(16),TT (16)

SONMOM/A22A1/ XLABEL(3,2) ,YLABZL(3,3),TATLE(3,5) ,%PP,CPAX,XNAX,

XSIN,YMAX ,YMIN,NXS,NIEX,KYS,NINY,HDS,KK(10)

COMHON /WEIGHT/ SUX1,SUM2,SUM3,SUNM4

INTEG23*2 IN ,

R2AL*3 LLABZL,YLABEL,TATLE,AG, BY,82,811,012,H22

-h EWN - WNWE W=

DATA BLANK/1H /, STAR/1HS/, DIGIT/1EO,1E1,182,1H3, 184, 1BS, 146, 1R7,
1 143, 1E9/, STARI/UHISOOQ/, ELIT/UBXXXX/, AG/=.577350269189626,
2 «577350269189626,-.861136311594053,-.339981083584856,

3 «339981043584856,.861136311594053/, H1/.,247854845137454/,

4 H2/. 6521“515“8625“6/' COE/-1. '°. "o '00 '-16 p-‘- '-10 Pk} 3333333'
S e3333333,%4,10903333333,-,3333333,~Ye¢=1./, RST/70/, RE(1)/0/,
6 QCIEP/0./

=

R e S e e e e e S e e e e R E R E S CE S L E S R EEEEEESET RS EXE

Ceoee «READ JOJTROL DATA

10 READ (5,790) CARD

IP (CaaD.EQ.EXIT) STOP
IP (CiRv.¥EZ.START) GO TO 10
READ (5,780) TITLZ

READ (5,790) N¥,NE,NS,NB,NFP,NL ot
W3IIE (5,800) '

WRIZE (6,810)

WRITE " (6,620) TITLE

WRITE (6, 1060)

WaIT¢ (6,830) NW,KNE,HS,N?,NB,KL

REBAD (5,840) TIHE,DBLT,CHHG.ITHII.ITCHN@
WRITZ (5,850) TIMZ,DELT,CHKG,ITHAX,ITCENG
DELT=DcLT*3600.

C
Cooeee INITIALIZE CONSTANTS



C

Ceese«RBAD JPIIOY CODES AND PRINT OPTIONS
3BAD (5,740) XuD1,K2D2,X0D3,KOD4,KODS5,XK0D6,K0D7,X0D8,KIDI

-

§¥D3=31
STINI=Y.
IT=0
338C=0.
IPINAL=Y
I3T20¢20
A11adiedn
H123d1%42
H22=d42%42

WRIT2 (9, 1250)
TP (Xo01) 1270,1270,1280
1270 42IT2 (0, 1512)
G0 T) 1230
1280 93173 (5, 1522)
1290 IP (X202) 1300,1300,1310
1300 43IT2 (5,1301)
GO T 1320
1319 4RIT2 (9,1311)
1320 IP (KJD3) 1330,1330,1340
1330 w313 (5,133%)
G0 TO 1350
1380 WRITZ (5,1361)
1350 IP (XJD4) 1360,1360,1370
1360 4RIT2 (5,1361)
GO TO 1330
1370 942T22 (53,1371
1380 IP? (XJu3) 1390,1390,1400
1390 43IT2 (2,1391)
GO TO 14310
1800 43I73 (5, 1401)
1410 IP (XJDa) 1420,1420,1430
1820 4RIT2 (5,1421)
GO 70 1440
1430 4RIT3 (6, 1431)
1440 IP (XJu7) 1350,1450,1860
1450 WRITZ:(6, 1851)
GO T¥:-1370
1460 7BXTE (o, 1061)
1470 IP (XJ034) 1480,1330,1490
1480 WRIT3 (5,1481)
32 T 1500

1490 JRTITZ (3, 1891)

1500 I? (X)03) 1510,1510,1520
1510 ¥2I72 {5,1511)
GO TO 1331

(

C

CTRINNNNNNNOA
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(3]

1520 4RITZ (35,1521)

1531 SONTINUS

c

CeeeeoREAD AND NORMALIZE NODE COORDIRATES
2EAD(5,329) FACTOR
READ (5,860) (J,X(J),Y(J),K=1 P¥E)
WRITZ (46,870)
WRITE (5,871) FACTOR
WRITZ (5,880)
4RITE (5,%90) (I3, X(J),Y(J),I=1,8K)
DO 19 J=1,K3 -
£ {J) =X (3) *PXCTOR
Y (J) =X (J) *FACTIR .

c INITIALIZZ X AKD Y VALUES POR P1OT
XL (1,4d) =X (J)
YT (1,d) =T (J)
INDEL(J) =J

19 coNTINUZ

c
CeeeeeIEAD SJJRCE AND SINK lODBS
CeceeeSOURCIS AxE POSITIVE
WRITZ (6,900)
PUNP=Y.
DO 2) I=1,¥Y¥ -
Qcor (L) =0.
20 PQ(I)=).
IP (¥P.22.0) GO TO 40
DO 30 I=1,NF
READ (S,850) IQ,FQ(IQ)
PUNP=RPU42~-FQ(I0)
30 WRITZ (6,910) IQ,FQ(XIQ)
40 CONTINUZ
C
Coees «INITIAL HEAD VALUES
READ (53,320) (UI(I),I=1,NN)
WRITZ (5,739)
WRITZ (6,340) (I,UZI(I),I=1,E¥)
c .
CeceoesREAD JIVAL TRANSHISSIVITY
- IP (K9D3.2Q.0) GO TO 1422
2EAD(5,920) (PTRL&S(I).I'1,B!)
VRITE (6,931) .
WBIT2 (6,940) (I,PTRANS(I),I=1,NK)
- IP (KID1.2Q.0) GO Td 1422
READ (5,320) (BASE(I),I=1,EN)
WRIZEZ (6,1601)
WRITZ (6,940) (I,BASE(I),I=1, IR)

1601 PORMAL(////.11X,15EBASE OF AQUIPBB/11X.15(1H-)//11! 6 (4HNODE, 5X,5H

SCLCATAIATAIAYRIAY A IRIR ARV AL AT RIATAYARIAIAIAIATIAIAIAIAIAIAIAIASL AY A A AY &



A — . et e e e, e —. -

2¥ALD2,3X))
1422 T?(XJd3.%3.1) GO TO 47
c -
CeeosoREAD SLEASNT TRANRSMISSIVITY AND STORAGE
R2AD (5,352) (L,TRANS(L),STORAG(L),RK=7,NE)
GJI TJ 44
%7 RBAD (5,950) (L,TR2A3S(L),STORASG (L),K=1,NE)
C
CeeesosRBAD A¥U ADJUST ELEMENT INCIDZNCES
Cecoeo?IZE 2I34AT FOR INPUT
48 DO 5J 131,13
DO 50 L=t,N2
50 IN(I,L)=3)
DO 159 LL=1,NE
RBAD (5,351) L, CHAR
KC=0
KB=4
K322
J=0
60 NOx=0
70 J=3J+1
I? (C4A3(J).BQ.BLANK) GO TO 70 )
CeeeeeDETZILINZ INCIDENCE PROM CHARACTER LIST AND ADJUST POR POWER JP
c TEY.
80 130
90 IsIe ‘
I? (I.L3.10) GO TO 100
WRITZ (6,350) CHAR(J),L

GO TJ 1
100 IP (CH4a(J) .N2.DIGIT(T)) GO TO 90
NO4=10%4J4+I~1
JaJ*1
C .
CeeeeoCHICK J48X2 LOCATION - - IP IT IS A DOLLAR SIGN THIS IS A CORNER NODEZ
(o IP I {3 A BLANK THIS IS LAST DIGIT OF A SIDE YODB secee

IP (CHaR(J) «EQ.STAR) GO TO 110
IP (C3a2(J).BQ.BLANK) GO TO 120
GO T2 30
110 KCaRS»)
CecososWHZN K3, THE CORNBR COUNTER,IS PIVE THE INCIDENCE LIST POR
c BLB4432 L IS CONPLETE.
CecoeedHEN X:YOD2 IS ABSEBNT PRON A POSSIBLE LOCATION,ZERD IS RBCORDZD IN
c TH3 I¥ ARRAY.
IP (KS.BQ2.5) 30 TO 130
I¥ (KC,L) =4UN
I? (K3.2Q.0) KE=KE+2
IP (X3.3Q.1) KE3KE+1
K3=0

(ytywuwuuuwuuwwwnggmy_u( MWW WWWWWWWWWWWWWWWIWWNONNON (



GO 9 ¢d
120 KE=KZe1
KS=K3+1 .
IN(KI,L) =NUX
IP (JeuleoS) GO TO 60
WRIT32 (6,970) L
GO T3 10
130 4=4§
C
CeeeoocOURT ACYIVE XODES. IE THOSE NOT EQUAL TO0 ZER&9.
IP (I¥(i,L).2Q.0) GO TO 140
‘H=Me
140 CONTINUS
IN(13,L) =%
150 CONTINUZ
WRITZ (6,980)
#RITE (6,990)
DO 150 L=1,NE
160 WBITE (6,1000) L, (IN(I,L),.I=1,12) STOBAG(L).!RLNS(L)
o
CeoseoRBAD CONSTANT HEAD BOUNDARY KODES (ISDICITBD BY La=1)
WRILZ (6,1010)
DO 170 I=t, MM
170 LR(I)=v.
IP (NS.£2.0) GO T0 210
180 R2LD (5,1020) (LET(ITT),ITT=1,20)
IA=0
PO 139 I=1,20
IP (LRI(I).EQ.0) GO TO 200
IA=l
JaLRT (I)
NST=NSL ¢
IP (J.LE.¥N) GO TO 190
NRITZ (6,1030) J -
GO T2 770
190 LR{J) =1
200 dRITZ (o, 3040) (LRT (IIT),I1T=1,IA)
IP (I8.42.20) GO TO 180
Ip (332;1!.!5) WRITE (6,1050) NST,HS

c.....sns ébusrxsr BOUNDARY NODES
210 LBRC(T)=LE(T) .
DO 220 J=2,HN
220 LAC (J) =L2C (J=1) ¢LR(J)
NR=LIC (¥N)
H=NN-¥2
dRIT3 (6, 1060)

o Lad Lol a2 Lad Lad Qar £ Fod i b 0 5 1.0 001 Lad Lol Qa0 0 a0 Qs ol Wb L t W0 ) Ao L2 (o) Lad L () Wb Wt L o) W W) W W i W W W W W W W



- C

WRITE (5,1070) ¥N,NR,N
c
c :
CeeesesRZAD LsAKY ZLEMENT COEPPICIENTS
DO 243 I=1,NE .
H2232(L) =0.
243 THX (I)=J.
IP (¥L.EQ.Q) GO TO 241
C
CoveosR2AD SINPINED AQUIPER PARANETERS
}BAD (35,321) HYCOND,SS
W3IT3 (5,7005) HYCOND,SS
DO 244 J=1,NL
284 RWIAD(3,360) I,TRAK(I),HZEIAO(I)
ARITE (6,245) (I,THK(Z) ,HZERO(I),I=1,NHE)
241 CONTINUS

CeveeoRBAD DATY POR L-Y PLOT OP RESULTS

IP(XJD7.4E.1.AND.KOD6.8B. 1) GI TO 367
RBAD(5,730) xPP
GO TJ (392,3563,1352) ,0PP

36213315(5.355) (XLABEL (1,J) ,3=1,2), (YLABEL (1,J) ,J=1,3) , (TATLE(1,J) ,Jd=
1,3) T~
IP (¥PP.32.1) GO TO 364

363 R3AD(5,365) (XLAB3L(2,Jd),3=1,2), (TLABEL({2,J),3=1,3),(TATLE(2,J),J=

364 R2BAD(S5,3565) XMAX,XMIY,NXS,NINY, TMAX,YNIN,NYS,NINY, KX (1) ,CHNAX,ADDN \ /&
CALL PLOT (J¥ND,XX,YY,CC,INDEX)

R E R LR RERPDEREREE RS WIS lale

C
Cecee«CALCULALZ OLD PROM OUI, TRE INITIAL HEAD VALUES
367 11=0
DO 250 I=21,3N
0 (I)=UL(l)
Ud(I)3uI(I)
DDDN (£) 3UT (T)
IP (L3(I).GT.0) GO TO 260

IT=1II4
OLD(II)=UI(I)
260 CONTIN O3
c =
c ”’.d‘i: B3IV TITSITITITITITIITIIIZIITIFTIIITITISITTITIITATTIITITINITIIITITIITI

Ceeess3IBGIN TALCULATIONS FPOR GLIBAL COBPPICIENT MATRICES
CevesesCLEAR 333113
999 DO 259 iIs1,NNM
DO 230 J=1,48
P(I'J, 30,
250 s (I,J)=20.
C

LR ppELCEECOLErErFrEEERBEESE



oy

Coeee o INITIALIZE KNOWN VECTOR TO SPECIFIED DISCHARGE
II=0
DO 992 I=1,N |
IP{L2(I) .GT.0) GO 20 992
II=IXl¢1
T(II)==FQ(I)
992 CONTINUZ
C
CeeeeoeINITIALIZEZ CONSTANTS
NB1=)
LERCdK=)
THXZ32 = 0,
KEX=0
254 TSTOi=V.
TLEAKS=0.
TLEZAKT=0,
L=0
C
c L X L L L 3 X X X & L X 2 5L 2 1 1 J - e e L L r X L X t 2 1 2 2 T 2 X 2 2 X ¥ T X 2 X T ¥ T R} 'Y 2 1 T ¥ T 3
CeeoeoBEGIN CALCULATION OF ELEMENT COEBPPICIENT MATRICES
270 L=L+1 ,
H'IH(13,L) R
K=0 | | | -
DO 430 I".H )
420 K=K+1 .
IF (IN(K,L).EQ.0) GO TO 420
JD(I)=I%(K,L)
430 coxIINU2
CeeesTHEE A224Y JD NOW CONTAINS THE INCIDENCES OP THE ACTIVE KODES IX

C ELEMENL L.
c .
Coees«INTEFRLIION BY GAUSSIAN QUADRATURE
o 2 X 2 8ULEZ PO FULLY LINEAR ELEMERTS
c 4X4 RWVL2 FOR ALL OTHZR ELZHENTS
CeeaeeoSILECT NUMBER OF 6LUSS POIHTS
NP=2 A v A
IP (4.30.4) EHP=§ - ' .
HE2=YPsyp

CeoeesCIUPUEE VALUE OF SHAPE PUNCTIONS AT INTEGRATION POINIS

DQ 3{0 I".ﬂ? »
DO 310 J=1,KP
K-(I°ll‘lP*J
IP (WP.EQ.4) 30 TO 280
XI=AG (J)
II=A3(I)
GO0 TJ 230

280 XI=As(J+2)
TI=AG (i¢2)

N il R R T R A B A A Y N N Y AN -V Y NN N YN



<3J 203TINUZ

(o SEESESEEERRELEEEEFE RN EB ISR SRS RSRE SR
CALL 3dAP®» (L,M%,XI,YI,DET)
c .tv‘:ot-ttttqaattnattstt:tatttttt:ttt

DO 300 JJIa1,H
P (3J,K) =22 (JJ)
DX (JJ,K) 226X (JJ)

300 DY (JJ,K) =IGY (JJ)
DETJ (K) 302T

310 CONTINUZ

Ceeee<SBLZCT 2ARAMBTER VALOUBS
TR=3T2Ad5 (L)
QCOBP22)SIP(L)
DO 2332 Ka1,NP2
UIK (X) =0.
UK (K) 33.
UKO (K) =3,
X (X) 30.
D0 2332 J=1,"
JDJ=JD(J)
UIK (K) 3ULK (R) *UT (IDJ) *P {J,K)
UK (K) 33K (X) +T (JDJ) *P (J,K)
UKO (K) 2UK? (X) +80 (IDJ) *F (3,K) S ) -
— IP (KO91.2Q.0) G9 T0.292

GO T2 2332

292 IP(TIA¥S(L) .BQe0.) TK(K)=TK(K) +PTRANS (JDJ) *P(J,K)

2392 CONTINJS

C

CeoeeeCALCILATZ COEPFICIZNTS POR ZELEMENT MATRICES
IP (ru£(L) .2Q.THXZ3J) GO0 TO 7002
QCozr = J.
SSEC1=532C+DELY
IP(TAK(L) « LEB.Je) GO TO 7002

(o} SEERSRERABS SRR REREE RN ERAEIRSRBASRE S
CALa LAY (QCOEP,THX (L) ,SSEC?,HYCOND,SS)

c SESESSEEI S ERSRERELRELRELFRESEERBERINER S
CHKLZXaUITOND/ (THK (L) *QCO2P)
IP(CHXL3K.LT..99) LEKCHK=1

7002 THKZ3¥ s THK(L)

QCOP(EE’QCO'P
ST=5222A3 (L)
DO 335) [a21,H
DO 350 J=I,N
DO 320 X=1,4P2
SRCLI(X) = QCOEP*P(I,K)*DETJ(K)*F(J,K)
QP (K) 32 (I,K)*ST*P (J,K) *DETJI (K)
IP (T2a33(L).ZQ.0.) TR=IK(KX)

10

h- |

IK (K} =2 K(K)*PIRANS(JDJ)‘(DDDH(JDJ)'BLSS(JDJ))*P(J K)

VWOtV UL S E S FE e ess )

C
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11

320 Q(K)=(22% (DX (I,K)*DX(J,K) +DY (I,K) $DY (J,K))) *DETJ (K)
IP (YP.&2.4) G0 TO 330
SE(I,J)=2(1)+Q(2)+0Q(3) +Q ().
PE(X,J) =2P (1) +QP (2) +QF (J) +QP (4)
SRCL=SCLT (1) #SRCLT (2) ¢ SRCLT (3) 4SRCLT (4)
GO T 349 |

330 SE(T, ) =d118(0(1)+Q(4)+Q(13)+Q(16)) ¢H12¢ (Q(2) +0(3) +Q(5) +Q(B)+0(9) ¢
1Q(12) ¢ (14) +Q(15)) +E22¢ (Q(6) +Q(7) +Q(10) +Q (T 1)) _
PE(I,J) =H11% (0P (1) +QP (8) +OP (13) +QP (16) ) ¢H12% (OP (2) + QP (3) +QP (5) +OP (
18) ¢QP () ¢ 2P (12) +QP (14) +QP (15)) +H22%* (QP (6) +QP(7) +Q° (10) +QP (11))
SBCL=d11% (SRCLI (1) #SRCLT (4) #SRCLT (13) $SECLY (16) ) #H12% (SRCLT (2)
2¢SACLE (3) ¢ SRCLT (5) + SRCLT (8) ¢ SECLT (9) +SECLT (12) +55CLT (15) ¢SACLT (14)
3 ) +H22% (SRCLT (6) ¢SECLT (7) +SECLT (10) ¢SBCLT (11) )

340 CONTINUZ |
S2(I,J) =32 (I,J) +SRCL

350 CONTINUZ
DO 331 I=1,4
IP (THK(L) c¥E.O.) GO TO 351
SRCR (I) =0.
GG TO 341

351 DO 323 K=1,NP2 | _

323 SRORI(K) = (QCOZFSUIK (K) ¢HYCOND/THK (L) % (HZERO (L) ~UIK(K)) -
1) *F (I, &) *DETJ (K) A |
IP (NP.£Q.4) GO TO 331
SRCR (I) =SRCRT (1) +SRCRT (2) + SRCRT (3) +SRCRT (4)
GO TO 341

331 SBCR(I) =K11%(SRCRT (1) +SRCRT (4) +SRCRT (13)+SRSAT (16)) +E12% (SPCRT(2)
2¢SRC2I (3) +SRSRT (5) +SECRT (8) #SACRT (3) +SACET (12) ¢SACRT (15) #SECRT (14)
3 ) ¢H22 (SRCAT (6) +SRCRT (7) ¢SRCRT (10) +SECRT (11))

341 CONTIHUS o <

. C : ,
CeooeePILL LOd2X HALY OF SE AND PE ARRAYS
DO 36v I=2,M
Ii=l-1
D0 360 J=1,IV
PE(I,J)=PL(J,1I)
360 SE(I,J)sS2(J.1)

C
CeeeosPRINT SLZNENT CORPPICIENT ®ATRICES
I? (X0D2.dE.1) GO TO 410
WRITZ (6,1100) L
MN2a(i¥7) /3287
DO 380 Ki=1,HNM2,8
K2eK1¢] -
IP (K1.42.0842) K2=NM
po 370 I=1,9
370 4BITZ (6,1110) I, (SE(I,J),J=K1,K2)
360 WRITZ (6.,1170)

IMemIimIA s v
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WRLT3 (6,1120) L

MN23(4+7) /8 #8=7

00 499 K1=1.u12 8

K23K1+7

I? (K1.2Q. F32) K234 -

Do 330 I=1,H4
390 43173 (o.1110) I, (PB(I,J),J=K1, KZ)
400 WRIT3 (9,1170)
410 CONTIHUZR

CeeeesTHIS SIMPLETES THE BLEMENT STIPPNESS MATPIX

c
C

CeeeesASSEIBLY OF GLOBAL COBF?ICIEKT BATRICES

DO 430 I=1,H4
JDI=JD (1)
I? (La(IVI).GT.0) GO TO 460
I3=JDX~-L3C (JDI)
R?(IR) =32 (I3)~-SRACR(I)
DO 459 J=1,1
JDI=JID (J)
IP (LR(JDJ).GT.0) 529 TO 430 .
JC=3JDJ=LRC (JDJ) =IR+1
KBX=1
WRITB (4,1130) L,JC,NB
GO TO 4359
440 17 (JC.LT.1) GO TO 450
P(IR,JC)=2 (IR,JC)+PB(I,T)
S(I2,J2) *3(I2,JC) +52(1,J)
I? (JC.53T.NB1) ¥B1=JC
450 CONTINUZ
GO T2 430
460 CONTINUZ
DO 470 J=1,1
JDJ=J2(J)
IP (L3(J0J) .5T7.0) SO0 TO 870
JC=2JDJ=LiC (JDJ)
RT(ICy 3T (JC) +SE(I,J) *UI (JDI)
270 CONIISUB
480 CONTINUI
411 I? (Leul.32) GI TO 270

CeceeCALCULALINNS POR GLODAL COEPPICIENT BATRIX CONPLRETE

C
c
c

DO 412 I31,H8H
812 U0 (I)=U(I)

mmdm@mmmmmmmmmmOmmmmm§; X XX YT YUV RV RV AV RY XU RT NV T XV N YNV NV Y ) <\
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¥B=N81
WRITIZ (35,1140) ¥B
IP(XI04.EQ.2) GO IO 525
TP (K923.NE.1) GO TO 760
WRITZ (o, 1150)
B2z (43 +3) /10410-9
DO 500 £1=1,¥82,10
K2=K1e3
Iy (K‘.;QQUBZ’ K2=NB
DO 430 I=1,%
490 4RIT3 (3,1160) I, (S (I,J),J=K1,K2)
500 #2IT2 (6,1170)
WRIT2 (6,1180)
VB2=(N3¢9) /10#%10-3
DQ S20 K1=1,NB2,10
K2=K1¢3 :
IP (K1.22.NB2) K2=8B
DO 510 I=1,N :
510 WRITZ (6,1160) I, (P(I,J),J=K1,K2)
520 #2IT3 (5,1170)
525 dRITZ (6,1130)
WRITS (6,1200) (RT(I),I=1,¥)
c .
CeeeaeSAVE MAZRIX A
760 v0 530 i=1,N
DO 530 J=1,N27%
530 R(I,Jy=3(I,J)
C
CeeeeBEGIY TINE LOOP
S40 23=1./2aLl

Cc
CeoeeCONPULZ CTOMPLETE COEFFICIENT MATRIX
DI 550 I=1%,HN
DO 550 J=1,4BY
550 sS(I,J=4(I, J)*P(I,J)‘l3

C....-DBCO*PJJ&

C SR SABARS XL S SS SR RS RN
Ch (8,HB,IEX)

c (2 11 ] [ 3123 L2 E Y 1]

c.....ClL63th8 VZCTOR OP KROWH VIL“ES
560 DO S7Q I=1,%
570 PN (I)==3T (I)
Miclel
N2sH-1
PU(N)sPL(Y) P (i, 1)*LISOLD(N)
DO 580 Ist,%2
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L134IHI (B, 11-1)

PeT)324(L) *P(1,1)*A320LD(T)

DI 339 J=2,11

Ly=I+Jd-1 :

PA(Z)324(I) +2(I,J)*A3%ILD(LY)
580 PM(LA)=24 (L) +P(T,J)*13%0LD(I)

I? (KJ303.EQ.0) GO 70 5381

4RIT2 (9,582)

WRIT3 (5,1200) (P1(J),I=1,%)
581 CONTINUZ

c

CeeeeeBACK SUBSIITUTE

c SESEBBERSASRESE R
CALL SRAND (N,¥B)

c SRR BERESESS
IT=IT»1
STIN3a3TI43+DELI/3600.
S32CaS540+DJILT
SHIN=334C/60.

Cc

CeeeesCALCILATE YEW HEADS

DO 539 I=1,%

590 OLD(I)=U(I)
IP=0
DO 610 I=1,3N
IP (L2(I).5T.J) GO TO 600
IPaIp+l
U(I)30LJ(IP)
GO T 510

600 U(I)=Ui(I)

6§10 CONTINUZ
D3LI1=D3LT/3600.
WIT3 (5, 1170)
WIIT8 (6,1170)
W3IT3 (5,1170)
WRIT3 (5,1210) STIMR,SAIN,SSEC,IT,DELT?
42123 (6,990) (I,U(I),I=1,%N)

CeeeseADIUSR-FI3 WATERTABLE TIANSNISSIVITY

IP (KJU1.EQ.0) 50 T0 1594
DO 1334 Ia1, NN
DDDH (£)=2. #U (I) -UO(I)

1592 IP (JDUY(I).LT.0.) DDDM(I)=0.

1594 CONTIIJ3
IP(KJD3.48.1) GO TO 614

c
CeoeeoePAINT DRA4DOUN 4AP
DO 612 I=1,u4N ‘
612 CC(I)3 (UL (I¥D2X(I))~-T (INDEX(I))) *ADDX

14
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NPP=2
c SEEEEEE LSS
. CALL GaAPE -
c Tl LIl L
616 IP(XJ)I7.N2.1) GO TO 615

C
Ceee oo PATNT daP OF COMPUTED HEAD VALUES
DO 616 I=1,NN .
616 CC(I)=J(LNDEX (I))*CHAX
NPP=1
(o] SEBKESAEE L
CALL Gaagd
c . SESRABE SR
€15 CONTINUZ
c
C
Ceese<ELAPSED JIVME CEECK
DELTIP=DELT
IP (3TI%2.LT7.TIME) GO TO 780
WRITZ (5,1240) STINE
IPINAL=1
GO T0 770
740 I? (LD.LT.ITHAX) GO TO 750
WRITZ (6,1250) IT
IPINAL=Y
GO T2 772
750 IP (Y00 (I3,ITCHNG).GT.0) GO TO 7152
DELT=Cd N3 *DELT

752 4RIT2 (6,753) IT

754 IP(KJIVI.¥E.0) GO TO 254
IP(49D(i2,1TCHNG).GT.0) GO TO 560
GO TJ 540

770 IP (KJud.NE.1) GO TO 771
WRITEZ (7,1051) (U(I),I=1,3%)

771 IP(KJ01.2Q.0) GO TO 10
G0 TO 25“

245 PORINAT (////11X,33UTHICKHESS AND HEAD IR OVERLYING AQUIPER/
111!.32(!H°)/11X,3(“E‘ODE.3!.98”EICKBBSS.“X 088’10,0!)//(11!,
23(13;8L,12E£9.2,2X,1PE9. 2)))

365 PORMAT(1JA8)

366 PORMAZ(3410.0)

- 481 PORNMAT (140,10X, 37BCUHULLIIVE HISS BALANCE POR TIME STEP ,IG,18H:
1/11L,42(18=))

u82 PORMAL (‘ﬂO,‘OX.ﬂﬂSIORlGE‘.uZS 5/11! 1SHSTEADY LEAKAGE=,G18.5/11X,
118HT244SI2YT LEAKAGE=,G15.5/11X, 14HCOKSTANT. BEAD=,G619.5/11X,
2158394 OF soUacis=,Gi8. $/11X,13HPUNPING RATE=,320.5/11X

. . L) . .. . . *. 0 L] [ ] . L] * [ ] L] .
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3, 1140I2P22323C2=,G622.5)

5§82 PORMAT (140,10X, 154KNIWN VECTOR PX/11X,15 (18=) /)

753 293MAL (149,10X,364e*essxss STEADY LEAKAGE AT TINE STEP ,I4,8Assss
188238) ) :

780 PORMAL (2014)

790 PORNAY (10I5)

800 PORMAT (1H1,36X,15HI S O Q U A D 2//33X,26H5300ND=WATER PLOW ANALY
151S//25%, 4 1HWITH ISOPARAMBETRIC QUADRILATERAL BELENBNTS//11X,70 (18%)
27/

810 PORMAT (18 ,30X,304DIPPUSION 2QUATINN, NMARCH 1971)

820 PORMAY (11X,70(1H*)//11X,20A4//11X,70(14%) ///}

830 PoaNAL (14 ,10X, 11THNUMBER OP -,2X,5HNOC2S,I24/21X,1H~-,2X,3HELEMENT
15,121/21X, 14=,2X,20 HCONSTANT HEAD BOUNDAPIES,IS5/21X,18-,2X, 204500
2CB 03 SINK NODES,I9,/21X,1H-,2X,20H2LENENTS IN HALPBAND,I9/21X, 1H-,
22X, 244UN3ER 9P LEAKY BLBYENTS,IS5///)

840 PORNAL (3710.0,2I10)

850 PORMAT (/////711X,154TIME PARANETZRS/I11X,15(1d~=) //11X,258SIMULATION
1 PBRIJD IN HOURS,P30.2/11X,26HINITIAL TIMR ST2P IN HOURSP30.5/11X,
235HMULILPLIZR POR INCREASING TINZ STEPP21.3/11X,38HMAXINUN PERIMITT
3BD N7J4333 OP TIVYE STEPSI18/11X,44HNUNB2ZR OF TIYE STEPS BETWZEN CHA
44GES IN DZLTI12//)

860 PORNAT (I5,2G10.0)

870 PORMAY (1H0,10X,16HYOD2 COORDINATEBS/11X,15(1d=) /)

871 PORMAT (11X,33HMULIIPLICATION PFACTOR POR X AND Y,G10.0/)

880 POIMAT (14 ,11X,4HNODZ,12X,1BY,15X,14Y/)

890 PORvAr (1H ,10%X,I4,2716.2)

900 PORNAT (/////11X,27HSOURC2E(+) AND SINK(-) NOD2S/11X,27(1H-) /11X,4R

190D27X, 14 4DISCHARSE (CPS) /) , -/

910 rOanAr (11X,I4,P16.3)

920 PORMAL (3P10.0)

921 PORNAL (5215.0)

930 POIMAL (/////+3V1X,12HINITIAL HEAD/11X,12(1H~-)//11X,6 (4HNODE,S5X,5HV
1AL0E,34))

931 PORMAL (/////¢11X,20HNODAL TRANSNISSIVITY/11X,20(18-)//11X,6(4HNID
18,5X,54VALUE, 5X))

940 PO2MAL (/(11X,6(I4,2X,1PB10.3,3X)))

950 POaNAL (I3,2P6.0)

951 PO3NAL (I3,5511)

952 POolMAT (13,728.0,6X,P6.0)

960 PoxNaAL (1HO,10X,17HINVALID CHAIACTER,2X,A1,5X,7HELEAENT,IS)

970 PORMAZ (14J,10X,25HINCONMPLBTE DATA - BLENEXNT,I5)

980 POINAZ-(////11L,53HELINENT INCIDZNCES, STORAGZ COEPPICIENT AND TRA
14SAI3IIIVITY/V1X,58 (14-) /)

990 PORMAr (18 ,10X,7HEL243NT,5X,1H/,3(1H-) ,9H CIR¥BAS ,4(18~),11/,7X,
114/,13(14-) ,74 SIDES ,15 (1d4-),18/,2X,13HSTORAGS COBP.,2X, 14HTA NS
2I53IVIiY,/)

1000 PoRMAS (Vi ,4X,I10,5%X,815,5%,815,3X,1PE9.2,56X,1P210.3)
1010 POR3IAD (/////11X,19HCONSTANT HEAD NODES/11X,19(1H-))

[ ROV I S RN JUN RN Jﬂ\l‘ldd\lsj\l\lﬂd\lﬂ\ld\lﬂ(
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1020 POIKAT (20I4)

1030 FORMAD (11X,10(1H*) ,18ACONSTANT HEAD KODEI4,37HDOES NOI EXIST - EX
1ECUTIOR JERMIJRTEZD1C(1H%)) S :

1040 FPORMAT (11X,20I5)

1050 PORMAD (1HO,TOX,10(1H*) ,34EXUNBER OF CONSTANY HEAD NODES READI6,33

o THDISAGREZS WITE JUMBER ANTICIPATEDI6, 10(1H*)) :

1051 PORNAZ (3IF10,5)-

1063 FORMALl (///11%,1IHFINITE ELEMENT DATA/11X, 19(15-)/5

1070 FPO24aA2 (1d ,V0X,21HTOTAL NUMBER® OF NODES,I9/11X,19HCONSTAKT HEAD X
. 10DES,1£,T10/11X, 184 D2GREES OF PEEBDOH,I12///)

1100 PIR%al (/7//.,10X,THELZMENT,I4,5X,16ESTIFFNESS MATEIX/)

1110 POIMNAT (IS5,3E15.6)

1120 PO3INAT (1d ,3X,7HELEMENT,I&4,S5X,14HSTORAGE MATRIX/)

1130 PORMAT (1:#0,10X,7HELE{ENT, “,5! 38HINSUPFICIENT HALF-BANKD VIDTH -
TREQUIRZ, I5,2X, 10313522!5 OF,IS)

1140 PORMAT
1150 PORMAT
1=)//)
1160 PORMAD
1170 PO3YAT
1180 PORMAZ
1=)/7)
1190 FORNMAT
1200 PO2MAT

(14 .10! 3SEA COEFFPICIENT MATRIX HALFPBAND WIDTH,I6)
(YH1,10X,37EA COEPFICIENT MATRIX ~ UPPER EALFBAWD/11X,37 (18

(L5,10812.4)
(/) : .
(141,10x,37HP COEFFICIENT BATRIX - UPPER HALPBAKD/11X,37 (1R

(7/77//,11X,206% COEPPICIENT Hl!RIf/11!,20(1H-)//) -
(11X,10E12.3)

1210 PORMAL (140, 10X,17HCOMPUTED HEAD /711X,13 (14=) /711X, 12HELAPS ED
ITINE 12813.2,6R HOU!S/23X 1PE13.2,8H MINUTES/23X,1PE13.2,8¢ SECOND
25//11&.9dIIHE STEP I15.//11Z,¢HDELT 1PE21.2// 11X,6 (4HNODE, S5X,5HVA
3LUE,S54))

1240 PORMAZ (/////11!,10(13‘),41&EX'CUTIOH TBEHIEATZD 5% TIXE-ELIPSED T
TIME12E212.4,6H HOJIRS10 (1K*))

1250 PORMATL (////11! 10(1H*) ,42EEXECUTION TEREIKATED OF TIME STEPS AT S
1TEPI10,10 (1H?*))

1260 PORMAZ(///11X,15HXODI PARAMETER2S/11X, 15(18‘)/)

1281 POQ%&.(11!.&7!KOD|-SLSS BALANCE REQUESTED) -

1301 PORNALZ(11X,44HKOD2-DO0 NOT PRINT ELZRENT SII!PRSSS MATRICES)

1317 FO24AT(11X,37HKOD2-P2INT ELEMENT STIPPNESS MATRICES)

1331 PO3MAL (11X,43HKID3I=-DO KOT PRINT GLOBAL STIPPNESS MATRICES)

1341 PORMAT (11X,36HKOD3-PRINT GLOBAL STIPFRESS NATRICES)

1361 POaMAl (11X,29HKOD4-DO NOT PUNCH HEAD VALUES) :

1371 FOANALD (11X,22BROD4-PUNCH HEAD VALULS) ;

1391 PORMAT (11X,31HKODS=-DJ NOT ASSUME STEADY STATE)

1401 FORMAD (11Y,20HKODS~ASSUME STEADY STATE)

121 FORNAZ (11X,34HKODS=-DO NOT PLOT CONPUTED DRliDOiﬁ)

1431 POIMAT (11X,27HRODE-PLOT CONPUTEZD DRAWDOWN)

1451 FORMAT (11X,3JHKID7-DO NOT PLOT COMPUTED HEAD)

1461 PORMAT (11X,23HKOD7-PLIT CONPUTED HEAD) '

1481 PORNAT (11X,30HKOD8=-DO NOT PRIKET KKOWN VECTOR)

1491 PORMAL(11X,234KODE-PRINT KNOKN VECTOE)
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1511 20MUAD (11X,37HXKOD9=DO NOT REZAD NODAL TRANSNISSIVITY)
1512 PORMAD (11X,234K2D1-NOT WATEZITABLZ2 PROBLEN)
1521 PORAAT (11X,30HKODI-READ NODAL TRANSMISSIVITY)
1522 PORVAL (11X,34HRID1-WATERTABLE PROBLEN)
7005 PIRNAT (//11X,39HAYDRATLIC CINDUCTIVITY OF CONPINING BED ,B15.4 /
111X,3343P32CIFIC STORAGE OPF CONPINING BBD, B15.4)
RBTURM
ZuD f
SUBRIYILINZ SHARRL (JNPL,JNND,JI3WH,JINDP,S,P,IV,J,X,Y,DGX,DGY,P)
DIJZYSION IN(13,J¥BL),S (INDP, JBVH),P(JNND) !(JNKD),!(J‘KD) J(JINND)
1,ALP(4) ,0AX (L) ,DAY(4), BTX(4), BTY (4), DBX{(B), DPX(12), DPY(12), D
26!(12), D?Y(12), ?(12), DBYI (W)
CO3x40¥ /42IGHT/ SUM1,S50U42,SUN3,STNY
INTE2324%2 IN
RBTUAI
BuTay SHAPB (L,4,XI,YII,DETD)

XI1=21.=XI
XI2at1.+XI
YI1al =¥ "
11231, ¢TI

COoRYZ2 ¥UD3 SHAPE PUNCTIONS, BASIC PAR?T
ALP (1) 2. 25%XI1*11I1
ALP(2) 3.258X12*Y11
ALP (3) 2.25%112+YI2
ALP (4) 2.45%XTI1*7I2
DAX(1)3~-.25+121
DAX (2) =.254YI1
DAX(3)=2.25*XI2

DAX (4) 3=, 25%Y¥22
DAY (1) 2~-,25%XI1
DAY (2) 3-. 25*X12
DAY (3)=.25%XI2
DAY (4) 3, 25+XT1

CO2433 NODB SHAP2 PUNCTIONS, SIDB-DEPRBNDENT PART
XQ‘l afI=.3

!QZ"X * o 3

1Q1=Y. .5

1Q2==¥L=.3
IC137,323%XI*XX~-.5625
1C2=2,125+X1
IC131,.125%Y1#Y1~.525
1C232.25% 11

J1=1

J232

J3=35

sptaw-o-OOoo-n\nmm-n-nmoooommag‘ DRNOO®PO®OPO@OO®D.LAPEOOM®D®DD®®DMD (



10

20

30

40

S0

60

70

80

Do S0 J=1,2

IP (I¥(J3,L).EQ.0) GO TO 10
IP (I4(J3+1,L).EQ.0) GO 70 20
6o T7 30 _ -
CONTINUZ

BTX (J1) =.5

BTX (J2) =. 5

DBX (J1) =0.

DBX (J2) =0.

GO TO 49

CONTINJZ

BTX (J1) =X02

BTX (J2) =XQ1

DBX (J%) == 1.

DBX (J2) =1.

GO TO 40

CORTINJEZ

BTX (J1) =XC1

BTX (J2) =XC 1

DBX (J1) =XT2

DBX (J2) =XC2

COSTINUZ

J1=4

J2=3

J3=9

CONTINUE

Ji=2

J2=3

33=7

DO 100 J=1,2

IP (IB(J3,L).2Q.0) GO TO 60
IF (Id(J3¢1,L).EQ.0) GO TO 70
GO T0 3

COKTINIS

BTY(J1)=.5

BTY (J2) =.5

DBY (J1) =0.

DBY (32) =0.

Go TO 30

CONTINUZ

BTY (Y] =1Q2

BTY (32) =1 Q1

DBY (J1) ==1.

DBY (J2) =1.

GO TO 90

CONTINUZ

BTY (J1) =1C1

BTY (J2) =YC1

19
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90

100

120

130

140

150

DBY (J1) 3¥C2

D3Y (J¢) 31C2

CONTIJUE : .
Ji=1 '

J2=4

J3i=N

coN3INUZ

SHAPZ PUNCTION DERIVATIVZ MATIIX - CORNER NODES
DO 110 J=1,4

DPX (J) 204X (J) * (37X (J) +BTY (J)) +D3X (J) *ALF (J)

DPY (J) =AY (J) * (BTX (J) +BTY (J)) +DBY (J) *ALP (J)

P (J) 2ALP (J) * (BTX (J) +BTY (J))

CONTINU 3

SHAPE 2UHNCTION DERIVATIVE NATIIX - EDGE NODES
IP (M.22.4) GO TO 240

J=4

I2Q=1.-1I*XI

YBQ=31.-Y1*YI

IB1=1.-3.%X2

XB2=21.+3. *XI

YE1x1,-3.*11

IB231.+3,.*Y1

I? (IN(5,L).22.0) GO T0 140
IP (IN(5,L).2Q.0) GO TO 120
GO TJ 130

JaJ+1

DPX(J)3=-XI*TI
DPY(J)=~.5%XEQ
P(J)=.5+iBQ*YI1

30 TO 140

J=2J+1
DPI(J)==,28125%YI1* (3. %I2Q+2.*XI*XB1)
D2Y(J) 2=, 28125*XEQ*XIB1
P(J)3.28125%XBQ*XB1YI1
JaJ+1
D?t(J)‘.lﬁ'ZS‘!I"(3.‘!!0‘2.*!1*(32)
DPY (J)a=-,281235X2Q*XB2
P(J)=,28125*XEQ*XE2*YI

2P (IH(7,L) «2Q.0) GO TO 170
I? (T¥(9,%)«32.0) GO TO 150
GO 70 130

JaJ+1

DPX(J)3.5%72Q

DPY (J)=-YI%XI2
?(J)=2.5#112*Y2Q

GO TJ 170

20
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160

170

180

190

200

210

220

230
240

J=Je1

DPX (J) 2. 23125 ¢YEQ*YE1

DPY (J) 2=, 28125¢712% (3. *YEQ+2.*YI*YE1)

?(J)=.2812:'XIZ‘YEQ'!E1

J=J¢ 1

DPX (J) =.23125%YEQSYE2

D?!(J)t.zdlzstxrz‘(3.‘!20*2.‘!!‘!22)

P(J)=.231258XI2+YEQ*YE2

IF (I¥(3,L). EQ.0) GO TO 200

TP (Z4(10,L).2Q.0) GO TO 180

GO T2 130

JaJel

DPX(J)==-XI*YI2

DPY (J) =.5¢XEQ

P(J) s« 3*XEQeYI2

GO T2 230

J=Je¢ g

D?t(J)8.13125‘!12‘(3.*!50-2.‘!1'!22)

DPY (J) =. 28125%X(2Q%XE2

P(J)a.dd12=‘130‘x22‘!12

JaJ+ il

D!!(J)s-.28125'112'(3.*!20*2.‘11‘!21)
(J)=.£8125‘XEQ‘KE1‘!IZ

DP!(J)=.23125tXEthz1

IP (IN(11,L).2Q.0) GO TO 230

IP (T¥(12,L).EQ.C) GO TO 210

GO T 220

JaJel

DPX (J) ==.5%YEQ

DPY (J) ==Y I*XI1

P(J)=.5*XI1%YEQ

G0 T2 230

J=J¢1.

DPX (J) =~. 281254 YEQ* TE2

DP!(J)8.28125‘111t(:.‘tnq—Z.‘!I‘!EZ)

P(J)=.28125¢XI1+YEQSTE2

‘JuJel

D?!(JDO'.28125‘!BQ*!B1

DPY (J) 2=, 281258XI1¢ (3. ¢YEQ+2.*YI*YET)
P (3) =, 281258TEQ*YR12LIY

CONTINIZ

COBTINT S

JACOBIAY
SUM1=0,
sSUN2=9).
SUN3=0,
SUNy=0,

D
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250

260

270

10
20

30

22

K20

DO 250 I=1,H

K3Ke1 '

IP (I3(X,L).2Q.0) GO TO 250
KI=I¥(£,L)
SUN135J41+DPX (I) *X (KI)
SU4233J12+DPX (I) *Y (KI)
STN333U43»DPY (I) *X (XI)
SUN433J49 +DPY (I) *T (KI)
CIONTINIZ
DBT=23J41+5UX4=5UN2*S0N3
DBL1=1./0sT

C11203018 350N
C122=-D321%5J42
C21a=-Di21+3UM3
C22=p321»s0U11

SHAPS PUYCTION DERIVATIVES - GLOBAL
DO 270 J=1,3

DGX {J) 3C113DPX (J) +C 124D PY (J)

DGY (J) 3C21*DPX (J) +C22*DPY (J)

CIONTINJSE '

aBTURS

24D

w (JHBL.JﬂHD.JBiH.JID?,3.?. IR,-'I ,!‘.“

DINBNSZJOY IN(13,J3EL),S(J¥DP,JBWH) ,P (JUND) ,X(JIJNND),Y (JNND) ,U (INKD)

INTZ333+2 I¥

RETURH

BNT3Y OBAND (N,¥B,IEX)
IBX=0

DO 59 I=1,¥N

IPai-I+1

I? (¥3.LT.1IP) IP=NB

DO 57 J=1,IP

I3=aNB~-J

I? ((I-1).LT.IQ) 1IQ=I-1
SU8=S(1,J)

IP (IQ.LT.1) GO TO 20
DO 10 K=1,IQ

ITal=K. .

JZ3IK -

SU%s3¥4=3 (II,K+1)*S(11,J2)
IP (J.38.1) GJ3 TO 40

I? (3U4.LB.0.) G50 TO 30
T3%P31./ $5QaT(sun)
S(I,J)=2T34P

GO T2 50

¥32IT3 (5,60) I

- . —— -
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|2

)

40
50

60
70

10
20
30

40
50
60

m o —— - -
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¥lITE (5,70) N,NB,IP,IQ,I,3,SUN
IEX=1
sTop
S (I, ) =SUASTENP
coxrrsus
2BIURY

PORAAT (1H1,10X,19%DBAND FAILS AT EOW ,I4)
PORMAT (180,6I5,820.8)

2D

suaaoq;;n,_ggggn; (JNEL,JNND,IBWE, JEDY,S,P,IN,U,L,Y)

DINENSLIN Ia(13, JNEL),S(JNDP.JBUH),P(JNND).!(JNUD) r(annn).U(auuD)
INTE3Ea®2 IN

" RETURN

ENTRY SBAND (K,HB)
DO 30 I=1,N

J=I-NBe1

SUM=P (I)

KizIe1

IP (J.3T.K1) GO TO 20
DO 10 K=J,K9

II<I=Ke1 :
SUM=3Ja-3 (K, 1T) *0 (K)
U (I) =50385S (I, 1)
CONTINUS

DO 60 L1=1,H

I=H-TI1¢1

J=IeNB=1

IP (J.50.¥) J=N

SON=1 (1)

K2=1+1

IF (K2.GT.J) GO TO SO
DO 40 R=K2,J

KK=K=T+¢ 3

SU8=3U4=5 (I,KK) *U (K)
U (I) =50%83 (I, 1)
CONTIJJE

RETURY-.

END .- |
SUBRJYLLME PLOT (J¥ND,X,T,CC,INDEX)

===SPEIIPICATIONS===

DINENSION X (1, JNND).!(1,JNHD),CC(JNND).IHD!X(JW“D)

connoy /AQE&1/ ILABEL(3,2),YLABEL(3,3),TITLE(3,S),

18P ,lHiX, XHAX, XHIH TAX, YNIN,NXS,NINX, !!S,ﬁIN! NDS, K(10)
REAL*8 (LABEL,YLRBEL, TITLB z Nt

REAL P&ﬂ!(122),SY!(17),NI(50).H!(1R)

LY I P TP SR R R e e R N L I X JEE YR N RS U R Y R UG RS W QT G R R WY
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INT2333 DISIT(82),VP1(5),V22(6),VP3(7)

INTEG33 N(10) ,BLANK (60) -

DATA SYA/% 19,029,939 ,049 950 960 070 030 099 900, 0 v 0 0 9y sxe,
100,00, 0 20/, PRAT/122%" '/, U1,N2,N3,XN1/6,10,133,.0833333333D9/,
1BLANK/60*" Y/

DATA OLGLT/%19,%29,93%,004% 950 083,079 936 199 0100, 0190, 9920 v193s
1,9140,0150,0169,0979,0789, 0999 ,0200,9299,9227 1238 _,0249 0251 1259
2,'270,%24°,%299,130°,°31¢%,932%,1339, 0349 ,0350 0360 ,0371,0389_039¢,
2'40?, YR, 082,733,734 ,085%,985°%,%37,v88,%89¢,9300,197¢,
1092¢,0330 ,8940 0950 ,035°,837¢,¢939,099¢,0900°?,°1012 ,019029,°103°,¢
21040 ,%103° ,%106°,7107° 01087 ,0109 ,¢110°,21119,91122,9113¢, 01149,
311539, 116, 1179, 9118, 119 ,%120,%121%,%122Y/

DATA V21/° (1H *,* 0,0 " LAY, P ,%10,20,%) 2
DATA V22/° (VH *,¢,0,? "L'A1,1%,9X,280,0) 0/ -

DATA VP3/°% (1HO®,*,*,? Y LVA1,P0,%3,0,%,%12P10,%0.2) v/
~==IYITIALIZE VARIABLES~=~-

VEID=IX3#NINX
NIDSJISsNINY
ISP (£4A L~ XUIN) /NZXD
YSP3 (Y4AL~-YNIN) /NYD
LEES FOLERER]

N3=NXD*»1
L EEROIA
N7=H1#3I8X
48=N2+*3¢D+1
WI=2+J4T 31
NR=§3-1
NA=N4/2-2
NB=2334/2+4
NC3(43-33~-10) /2
ND=NC*J¥3
NB=231X) (35,N8)

YP1(3)3DiGIT(ND=40)

YP2(3)sDIGIT (1D=-4Q)
VYPI(I)=0IGIT(NC)

=~==A33A 338 EACH DATA SBET IN DESCENDING VALJES JP X==--
DO 90 L3l ,1103

NNaK({L)

DO 30°I=1,n%

316X {L,I)

KK=I

DO 20 J=I,¥¥

IP(X(L,J) .GT.31IG) GO TO 15
GO 7o 20

BIS=L (i, J)

KKag

la e I o W I o W W S AN A AN e, [ . . B .



(&

nao o0

20

30
S0

S5
100

10

114

115

- 117

118
110

CONTINUZ
TENPi=l (L,I)
TENPII=X (L,I)
T2ZMP3I=IJDEX(T)
Y(L,I)=C(L,KK)
L{L,I)=L(L,KK)
INDEX (i) =INDEX (KK)
INDEL (KK) =TEH 23
Y(L,KK) =L EMPT
X(L,KX) =T=4PII
CONTINUS

»w==COMPUTE KUSBERS POR X AND Y AXES-~--
DO 100 I=1,NE

NNX=¥5~1

WRY=N6~1

IP (N¥Y.LT.0) 5O TO 95

NY (I) YSFSNNYeYEIY

IP (NdZ.L3.0) GO TO 100

X (I) ={3P*YNX$XNIN .

CONTINUZ

RETU2N

BERPRY GaApl

«==INITIALIZE VARIABLES==-
Z=IMAL

JRITZ (6,40)

DO 1) I=1,KDS

N (I)=1

DO 210 I=1,NG

===LOCALEZ X AXES~=-

IP (I.<2.1.0R.I.EQ.K8) GO TO 110
DO 114 J=1,H8,N9

PEKI(J)'S!!(1S)

e==lISAlZ Y AXESe~=-

IP ((I=1) /N1®*N1.KE.I~-1) GO TO 17

PRNT (1) aSYX(14)

PRNT( J3) =SYY (18) : A :
IP((I=1)/787*N7.N2,I~1) GO TO 130

DO 118 J=2,HR
IP((J'I)/Y9‘N9.BQ.J-1)PRNT(J)‘S!G(17)'
IP((J-I)/H9‘N9.HE.J-1)PRHT(J)GS!R(16)
GO IO 130

Do 120 J=1,¥8

NNNNNNNNNNNNNNNNNNNNNNN'}NNNNNNNNNNNNNNNNNNNNN
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I?P ((J=1) /7H2#%¥2,EQ.J=1) PRNT(J)=SYX(14)
120 I? ((JI=1)/7N2%d2.,NE.T=1) PANT(J)=SYN(15)

===C04207TE LOCATION OP POINTS=--~-
130 20 150 J=1,4DS
135 IP (3(J).2Q.K(J)+1) GO TO 150
I?P(I.32.1) GO 7O 137
IP(X(J,9(J)) L2.2+XNT*XSP) GO TO 137
H(J)=d(J)+1
GO T0 135
137 IP? (£(J,3(J))LEB.Z+IHT*XSP.AND.X(J,N(J)).GE.2-XNI*X3P) GO TO 140
30 TO 139
140 H4=NR+0.5~ ((Y (T N(T))=YUTIYN) *N2) /YSP
IP(M.L2.0.0R.N.GT.NR) GO TO 145
IP(CS(I(JI))) 142,146,147
142 I2(NM.83.0) 2AT (M) =SIN(16)
HUN3 (=S (N(J))+.005) %10,
GO TI 141
147 NUNa(CS (3 (J)) +0.005) *100.
IP (¥U4.3T.999) NUN=MCD(NUN,1000)
141 IP(¥U4.LT.100) GO TO 143
INDX3=4Ju/100
IP (3.N3.0.AND.CC(N(J)).GT.D.) PRHNT(X)=SYH(INDXJI)
HON24U4-I3DX3*100
143 THNDX131JD (WUY,10)
IP(INDX1. EQ.0) I¥DX1=10
I¥DX2=303/10
IP(INDL2.2Q.0) INDX2=10
GO TI 144
146 IHNDX1314
INDX2314
184 PRNT(3+1) =514 (IVDI2)
PRNT (4¢2) =STU (I¥DX1)
1853 N (J)33(J) *1
IP (N(J).EQ.K(J)#*1) GO TO 150
IP (X(J,H(J)) L2 Z+ANI1*XSP, AND.X(J,N(J)) .GB. Z-XNT1*2XSP) GO TO 140
150 CINTINUR

---PILYT? AXES,LABELS, AND POINTS---
IP (I+db.3Q.0) GO T0 170
IP (I=¥3.5Q.0) GO TO 180
I? ((Z=1)/N1s¥1=(I-1)) 190,160,190

160 4RI72 (g.vp1)(assnx(a).a=1,ucy.(pnurca),a=1.na),nx(1o(z-1)/s)
30 70 200 .

170 w3r?2 ggavrz)(anxnx(a).a=1.n=).(9num(a),a=1.ns),xnaazx(u9,1)
G TO

180 WRII3 (5,VP2) (BLANK(J),J=1,5C), (PRNT (J) ,J=1,48) ,XLABEL (NP, 2)
39 TO 200

AYAYTAIAYAIAL ALAYTALVAIAIAIAIRAL YRS AVGTAY AL RV AL RS o
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43IT2 (5,VP2) (BLAKNK (J) ,J=1,8C), (PRET(J) ,J=1,K8)

~=«CJ42JTE NEW VALUE FOR Z AND INITIBLIZE PENT--~
TeZ=2.%AN1%XSP

DO 210 J=1,N8

P3¥2(J)=S!H(11)

~==NU$34R AND LASZL Y AXIS AND PRINT TITLE---
WRITE (6,VF3) (BLAKK (J),J=1,HC), (KY(I),I=1,K6)
dRIT2 (6,70) (YLABEL(NP,I),I=1,3) :

ARITEZ (5,80) (TITLE(MP,I),I=1,S5)

2ETU3N

e 73§ SN Ll

PORMAT ('1%)

PORMAL ('0',49X,3A8)

PORYAT (*0°,41X,518)

PORMAT(' ',2G620.10)

PORMAT(*ODATA SET NO.*,IU,//10X,'X',19X,'Y'))

END

SUBROUTINZ CLAY (QCOEF,THRKL,SSEC,EICOND,SS) -

PURPO3SZ: THIS PROGRAM COSPUTES THE TRANSIENT LEAKAGE COEFFICIENT,
QCOEP.

DI¥Te==-=--DIMENSIONLESS TIME
§Se==e====SPECITIC STORAGE
HYCIND===-HYDRAULIC CONDUCTIVITY
THK=====-=THICKNZSS OF CONFINING LAYER

DATA PIE/3.141593/

TT=0.

SUNKN=J.0

IP(S3.dE.0.) GO TO S

DENOM=1.0

GO T3 31
DI‘I‘E!'OUD‘SSEC/(IEKL‘THKL‘SS‘Z.)
IP (Di3T.GT.TT) TT=DINMT

PPT = PIESSPIE*DINT

I? (DIS2.LT.1.0E-03) PPT = 1./DINT
CK = (L43-PPT)/(2.%PPT)

DO 29 iLL=1,200

POWEZ = LLSLL*PPT

IP (PIdEt.L2.178.) GO TO 10

POWZR = 150, :

QD (o s G Qo Lad ar Rad L) Lad (a0 (A0 L) Ta 1.0 Cad on €0 €00 &) 400 1) 808 () W) 1 WD W) W W W) L) ts WD

tad tad WD a0 L L0 @
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20
30

N

N -
PEBX = JXP (-POWER)
S0MY = UMY +» P3X
IP (P2X.G7.0.00009) GO TO 20
IP (LL.37.CK) GO TO 30
CONIINUZ
DiNUY 3 1.0
IP (Di47,LT.1.0B-03) DZNOM = SQRT (PIE*DINMT)
Qt = HYZIND 7 (THKL * DBYOYM)
QCOEP 2 Q1 + 2,0 * Q1 *» SuUMH
RBTUIN
34D

RV

28

C
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PART 2
COMB IKED GROUNDUATER FLOW AND MASS TRANSPORT



1. INTRODUCTION

1.1 Purpose and Scope
in this second section of the manual we will axtend the concepts

presented in ﬁart 1 to include the movement of consarvative solutas. To

simplify the presentation it Is assumed that the contaminant does not signifi-

cantly change the density of the fluid and that a two dimensional areal repre-

sentation, as indicated in part |, Is appropriate. Because the groundwater

flow section of tha transport coda Is virtually the same as that presented

eariliar lat us now examinae tha speclies transport equation.

. 2. THEORETICAL DEVELOPMENT

2.1 Governing Equation |

Areal, two dimensional transport of a conservatlﬁe soluta through

a groundwater reservoir can be written SRR ICR

? ? 3
L“"K‘”uﬁ)*ﬁ"%ay) -E yyOy)"%%/ yxac)

- o (ea) - 3 (ea)) - % (obe) + Qe's Fr (hen e (2-1)

where b is the saturated thickness of the aquifer [L],
c is tha concentration [ML™3],
¢' Is the concentration of the discharging (recharging) fluid [HL-3].
c" Is the concentration of the fluid discharging (recharging) the '
__aquifer through leakags (L3
ﬁ??stthe dispersion coefficlient [L3T'|].
K' Is the hydraullic conductivity of the confining bed [LT;'].
L' s the thickness of the confining bed (L]
q Is the mass average flux vector n2r,
Q Is the rate of fluid withdrawal (LT"'],

8 Is the porosity.

o/
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It Is apparent from the units of D and g that they represent vertically

Integrated parameters. f.€ey

o

oxx(“oy) = ) D;x(xoYoz)dz, (2-2)

b

[

G (xy) = | @ lxy,z)dz (2-3)
b

where D' and q* are point valaes.
In the most general case time derivatives of head would appear in the trans-
port equation and concentration time derlvatives In the fldw equation. These
terms are generaily small, however, and have been neglected In this development.
2.2 Galerkin Formulation '

The apprexlmatlng integral equatlons requlred for the finite-element

formulation are obtained for the flow and transport equations using Galerkln'£

+ method. Follow!ng a development analogous to that presented in part | we

approximate the unknown concentration and certain of tﬁigkpatlally dependent

parameters in terms of the basls functions wl(x,y):
o N ) |
c*cw= JZ' cjuj(x.y) (2-4)

D‘x : Dxx = JZI Dxxjwj(x.y)‘(same with ny yx'u ) (2-5)

N
q S q = le Syej¥j (xa) - (2-6)
The flux 9 is obtained through differentiation of the head solution
as foliaws
a = 2 Ty 50 5 (x,y) (2-7)

where, In this code, the transmissivity Is assumed constant over an element.

Hote that the derivatives of the basls functions (end consequently the fluxes)

- e32-
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used in this analysis are discontinuous at slement boundaries and cars must

be exercised in choosing elements so that continuity of mass is satisfactorily.,

malntalned.

The .apnroximating Integral equations ara obtained from Galerkin's

scheme by making the residual, genarated by substituting (2-4) into (2-1),

orthogonal to each of tha M basis functions wys

IL(E)uIdA =0, §=1,2,...N
A .

This may bs expanded and reformuiated In matrix form as

(N}{c) + [M] {‘3‘% }+ (F} = 0

where typical elements of N, M, and F are:

noa |5 e, M, s MM
kL  Ix Ix Xy 3y ax yy 3y 3y

. M, o q, a_c‘ir_
* M o A oY T Y Tk T WY Ty A

Hk‘ - I waku‘dA
A

rk-Iquc'dA-J(wkg- %) *n ds

whcropﬁéls the unit normal vector. The time derivative is approximated

us!ngfiihlte differences as In part 1.

(2-8)

(2-9)

{2-10a)

(2-10b)

(2-10c)

In formulating the equations in this way we have assumed that ths

dispersion tensor Is symmetric (i.s., ny

for the dispersion-velocity relationship we are using, namoiy.

-33-

- Dyx)' This Is indeed tha case
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_ equatfon (2-10c).

4.9 .9
X 'X zz

Ok ® O =3 * Oy ——5 ¥ Oyt
q ' q
q.9 q.q
!! X "X

DW-DL z+0.|. 2"’041
) q q
- q.q
- x!
Oy = Oyx = (0, -0) &

O, =olsl + Op=arlal

where e is the longitudinal dispersivity [L]
~ay Is the transverse dispersivity (8]

04

t is the tortuosity.

is the molecular diffusion coefficient [L37T7'], and

We have also assumed porosity time Independent in the transport equation

(this is & reasqnahle assumption for most fleld situations). While equation -

(2-9) can be solved as presented It is often modified to facllita;e computer

coding. The continuity of fluid flow Is generally used to eliminate the
spatial derivatives of the flux terms (terms six and seven in 2-10a). Oc-
casionally it is advantageous to apply Green's theorem to terms five and six
In equatlion (2-1). This approach will generate a natural mixed-type boundary

condition Instead of the iecond type indicated In the surface Integral of

. i PROGRAM DOCUMENTATION
3.1 Data Set 1: Identification
*Varlable Format Variable Description

CARD. | 20Ak Data set Identification; punch ISOQUAD In
. columns 1-7. ‘

-3h=-



3.2 Data Sat 2: Title

TITLE 20A4 Title Information; information typed on this

. card Is reproduced axactly as a heading on
.printout. _
3.3 Data Set 3: BElement Identification

NN ) 15 Number of nodes

NE i5 Number of elements

NS ’ 15 Number of constant head nodes

NB i5 Global flow matrix halfband width*

NF 15 Number of sourcs or sink nodes

NL I5 Number of leaky slements

KNS 15 Number of constant concentration nodes

KNB i5 Global concentration matrix halfbandwidth

NLH 15 Number of alement th vertical leakage .

3.4 Data Set 4: Tima Identification

TIME F10-0 Duration of simulation period in hours

DELT F10-0 Initia) time step At in hours

CHNG F10-0 Multiplier used to change siza of tima step
according to relationship At‘-CHNG*At,_‘

I TMAX 110 Maximum permitted number of time steps

ITCHNG 110 Number of time steps between changas in At

TCHK F10-0 Spatial criterion for time step sslection
AtsTCHK/ (maximum calculated velocity)

TYPE Ab Time derivative indicator; typs FORW for -

backward difference (fully implicit) and
CENT for centered difference (Crank-Nicolson)

~NEW CARD . N </
DIFUSN F10+0 Molecular diffusion constant
NPRINT 110 Number of time steps between printouts
1GO 1o Number of concentration solutions between
head calculations, At(head)=At(concentration)
: *|GO
UPVAL F10.0 Upstream welghting coefficient (normally use 1. )
3.5 Data Set §: Constant Multipliers
AFMOBX F10-0 Multiplier for X hydraulic conductivity, i.e.,
FMOBX (used) = FMOBX (read)*AFMOBX
AFMOBY F10-0 Multliplier for ¥ mobility
AST F10-0 Multiplier for storage coafficient
APOR F10-0 Multiplier for porosity
AELONG F10-0 Multiplier for longitudinal dispersivity
AETRAN F1Q0-0 Multiplier for transverss disparsivity
ATHICK F10-0 Multiptier for aquifar thicknass
APHII F10-0 Multiplier for initial hydraulic pead
NEW CARD A .
ACONC) F10+0 Multiplier for Initial concentration
FACTOR F10-0 Multiplier for nodal co-ordinates
ALEAK F10-0 Multiplier for leaky alement coefficient (COEF)

Note that the halfband. as used hereln. includes the dlagonal.

*A valus of zero Is more accurate if no discontinuities exist in concentratton\\_/,
field. : -
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3.6 Data Set;6::: Input-Output Codes*

xoD! s
KOD2 15
KOD3 . s
~ KOD4 B 15
K0D7 15
e IS
X003 s,
K0D10 T3
KOD12 15

KoD1& 15

. Print element flow matrices (1=output;

Os=suppress output)

Print global flow matrix (l=output;
Owsuppress output) .

Print element concentration matrices
(1=output; O=suppress output)

Print global concentration matrix (1soutput;

O=suppress ocutput)

Print point velocities (value of KOD7 is the
number of time steps between each printout)
Print vector of known values on the right-hand
side of the matrix equation (l=output;
O=suppress output).

Print hydraulic head solution (l1=output;
O=suppress output)

Print concentration solution (lsoutput;
O=suppress output) ..
Number of time steps between punched output /
Punched cutput selector:

O=punch head and concentration
=j=punch head values only

Ispunch concentration values only

3.7 Data Sbt 7: BNodal Cb-ardinatea

R ' 15
X(J) F10.0
Y(J) © F10.0

@o-omum for node J

o-ordinate value for node J

3.8 Data Sbt §: Source and Sink. Nbdks

1Q 15
FQ(IQ)i ' F10.0

3.9 Data sat 8: Cbncantnatian for Sources and Sinke

. CFQ(IQ) F10.0

PHII(I) - 56157

Node number where a source (+) or sink (=)
Is located '
Discharge (or recharge) at node 1Q (volume
per unit time)

Nodal number of source or sink node
Concentration of recharging fluid (positive
number). A negative value Indicates 2

E discharging node with current reservoir con-

centratlon.

' 3.10 Data Set 10: Initial Head Values

‘Initlal hydraulic head values at each nodal
locatlion

* ' '
. Printout of global'qr»element coefficlent matrices is voluminous.

-36=



3.11 Data Set 11: Initial Concentration Valuss -

coNeiI (1) 5G15-7 Initial concentration values at each nodal .
- location < 7

3.12 Data Set 12: Element Incidences

L : 3 Element Numbar
CHAR . fres format Corner and side nodes located on alement L

The node numbers are recorded beginning at a corner node and moving
counterclockwiss around the perimater of the slement. Each corner
node Is followed Immediately by a dollar sign and the first node is
repeated. One or more blanks must appear between sach nodal number

or nodal number plus dollar sign. As an example tha element appearing
In Figure 1 would be described as 1$ & 78 65 5 3 2% 1$. Thus the order
of each element side Is completaly dafined by the slement incidenca.

3.13 Data Set 13: Element Parameters -

L 13 - Element number

FHOBX(L) F10-3 Hydraullc conductivity of alement L ‘
(principal component along x, i.s., K )

FMOBY (L) F10+3 Hydraulle conductivity of element L =
(principal component along v, i.s., K )

ST(L) F10-3 - Storage coefficient of alement L

POR(L) F10-3 Porosity of element L .

ELONG(L) F1Q0+3 Longltudinal dispersivity of element L

ETRANS(L) - Fi103 Transverse disparsivity of slement L

THICK(L) F10-3 Aquifer thicknaess in slement L

3.14 Data Set 14: Leaky Element Coefficients « J/

} I3 Leaky element number

COEF(I1) F10.0 Hydraulic conductivity of the confining bed
divided by Its thickness for alement |

CCOEF (1) F10.0 Concentration of leakags entaring the

aquifer from the confining bed. When leakage
Is out of the aquifer a negative value should
be specified and the current aquifar concen-
tration will be used.

If there ares no leaky alements (NL=0) this daga sat is omitted.

: - s d 1 yda
3.15 Data Set 15: Divichlet Nodes for Flos > Detaid 14b  Laky vomsd iy,

f #Enra G100 Catad
LRF(1TT) 20(14) The numbes of those nodes whare constant head -
e values are specified. )
3.16 Data Set 18: Dirichlat Nodas for Concentratior
LRT(I1TT)* 20(14) The numbes of thosa nodas whars constant

concentration conditions are specified.
3.17 Data Set 17: End of Data Identification

CARD (20A%) End of data Is indicated by punching XXXX on this
. card which appears at tha end of tha last data set.
If more than one problem is being run this'card doas
not appear batween problems.
AThe use of LRT in data sets 15 and 16 Is simply a computational convenience.

- N
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IS0QUAD
CCEBINED PLOY 48D MASS TRANSPORT

PRCGRAMNEL BY GEORGE P. PINUGR, DEPT, OF CIVIL ENGINEERING,

"FEINCETON UNIVERSITY, FZINC&iON N. J. 08540

CEFINITIOE OF VaBRIABLES
ACCICI======NULTIPLIER POR +L¥ITIAL COHNCENTEATION
AF1CYNGe~=~=-=MDITIPLIZR FOR £u.ONG, LONGITUODITAL DISPERSIVITY
AEIS5ARe=====MULTIPLIER FI3 o&iXANS, TRANSVERSE DISPERSIVITY
APECEX»=~====NTLTIPLIER FOS #a0BX, MOBILITY IN X-DIRECTION
AFECBY~»====NMULTIPLIER FOR Fu0BY, MOBILITY IN YODIPECT'OV
3G (J) ==~=-==COKSTANTS PO NUJESICAL INTEGRATION
JEEll~===~==MULTIPLIEZ FOR LiaITIAL HEAD
APCf=e======NULTIPLIER POR 2UR, PCHRISITY
ASTeweree=e=fULTIPLIEd FOR 54, STORAGE COEFFICIENT
ATBICK======MJITIPLIER FO2 JuiCK, THICKNESS OF AQUIPER
CAVC=e=e=e==AVERAGE CONCENIZATION OVER AN ELEKENT
CCCEP (L) ~=~~CONCENTRATIOK OF LEAKAGE
CPC (1) =====~COKCENTIATION UF SOURCE OR SIHEK - IF KEGATIVE,
CURRENT CONCENLzalION OF THE KODE IS ASSUMED
CEAF (I) »===<~ALPEAMERIC CHlaa<lER STRING POR INCIDENCES

CHEGoo~ee===NJITIPLIEL FOR LJCEZASING TINE STEP (DELI=CHNG*DELT)

CHE(1,J) ====<-TIEE INDJPENDZHL GLOBAL CONC. MAIRIX

00001
00002
00003
0000t
000CS
00006
00007
00003
000"
00C"2
00011

00012

00013
0001k
00015
00016
00017
00018
00019
00020
00021

. 00022
00023

00024

COEffe===e==~HYDRAULIC COXDUCJLIVITY OF CONFINING BED DIVIDED 2Y 17500025

TRICKNESS

COLlle=======STCRAGE ViCTO3 FuR COSC!HTE&TIOﬁ

COY¥C(I) »====CIHCERTAAIION (as/L**3)
COE (I)======LNCATION OF PA&LICULAER SOLUTIONS

CP(1,J) =====TINE DEPELDENT G.I3AL CORC. HEAIRIX
DElle=======TINE STEZP (I)

DELIGC~=~-~--=-TIEE STEP FOR PiaSSURE - DELTGO=DELT*IGO
DETJ(I) ===-=--DETEFNINANT JF J AT ZACH INTEGRATIOE POINT
CEX (I)======TENMPORAIY SI034és POR THE POINT X VELOCITY
DEY (I) »=====TEMPORARY STIRAGS POR THE POINT Y VELOCITY
CIFCSY¥~e====NOLECULAR DIFPUSiON CONSTANT

DGX {I) ~=====DF/DY FOR YIDZ odING FPPOCESSED

DGY {l)~=~==-=DF,0Y FOE NODE BZING FEROCZSSED

LIGIT (I)~=---ALPHAMERIC CHARavTER STRING POR INCIDENCES
DPX (I)~=~==-TENPORARY STO02aG:< POR PRESSURE DERIVATIVE

'DEY (I)>=====TEYPORARY STORAvz POR PRESSUERE DERIVATIVE

DPLI(I) »~===AVIRAGE X~DE2IV4aiIVE OP PRESSURZ FPOR PLEAENT L
DELY(I) =~===-AVERAGE Y-DERIVA.IVE OP PRESSURE FOR ELEMENT L
DX (1,J) =~===DF/DX FOR I NODzs OF ELEMERT L

LY (I4J) =~===DF/DY PO3 I NODus OF ELENENT L
ELCEGew=====LONGITUDINAL D.S¢ERSIVITY
ETEA§Se=~~==TRANSVERSZ DISPcaSIVITY

. E(14J)==>===BASIS PUNCTION V.LUZS: !OP‘RLL NODES IK ELENENT

00026
-00027

0002¢
00602%
0003¢C
00031
00032
0003:
0003¢
0003c
0003¢
00037
0003¢
0003¢
000u(
0004
00Cs
0004
0004
0004
oocu
ocoou
0004

PACTORe==<==MULTIPLTER FOR Cu~O3DINATES. VALUE = VALUE(READ) *PACTO0004

EE (I} ~~=-<-~<BASIS FUNCTION ai A4 POINT POR ALL NODES INW ELZMENT

FB () »======VECTOR ON RHS v MATRIX EQUATION

PHCEX (I) ==~=X~COXPONENT OP aJSILITY TZNSOR, K/KU (L"3”/!)
FMOEY (I) ~~~~Y-COMPONENT OF avBILIZY TERSOR, K/MU (L**3T/¥)
FQ (1) ====~==RECHARGE T0 AQUirZER (POS) (L**3/7T)
BE(l,))====~=TINE DEPENDZNI ralT OF GLOBAL ?LOH MATRIX
HZEFO (I)==<=HEAD .IN AUJACE4L AQUIPER I
IN(1,J) =====INCIDENCES

Ifeccccccce=UNBER OF TIXE S.EPS CO!PLETBD
I*CEBG---’--NUHBE° oF ;IHB 54EPS BETWEEN CHANGES IN DELT

L d

0005«
0005
0005S.
0005
0005
0005
0005
000S
0005

0005
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IGC==e======NUNBER OF CONCoN.RAIION CLLCUL!*IONS PER PRESSU2E 000600

CALCULATION 0004610
ITEA em=mee=M) XINUY PEZR4ITIZy NUMBER OF TIHE STEPS ' oc 1
IVI3STe=====3QUALS 1 IP V2u.u.IiTY HAS BE3N CONPUTED, ZERO Oaag/
OTHERWISZE 0003w
JD (1) =======CONTAINS IHE IdC.DZNCES OF THZ2 ACTIVE NODEZ IN ZELEMENT 000650
J1EET-======EQUALS 0 ZIP CONv. NATIIX T0 BE GENZRATED, 000660
BQUALS 1 iP PLUW MATRIX IO BE GENERATED - 000679
BQUALS 2 IP BOJla MATRICES T0 BE SENZRATED 0006380
KRE (I) e=====ROW INVICZ3 OF cuNSTANT CONCENTRATION NODES 000690
K15 (I)======EQUALS ONZ P03 CuNSIANT CONCENTRATION ¥ODE, ZERO 000700
OTHERWNISE . 00071C
KLFC(I) =====RUNNING SUY OF CJONSTANT CONCENTRATION NODES 000720
KNeeo=eecaa=DEGREES OPF PdBsuod PFOR COHCENTRATIOX 000730
KiReeecccweelS MATRIX HALPBai4D WIDId (EBSIINATED) 000740
XNPEST-==-=--0RIGINAL ZSIIYadid OF C3 HALFBANDWIDTH 000750
KNRi=====e==C5 BANDVWIODTH . 000760
KNRZST~>=====0RIGINAL 2STINAILZ OP CS BANDWIDTH 000770
KjSemecccaaaiU¥BRER OP CONSIAST CONCINTRATION NODES 000780
K3Llee==w=eeePIINT ELRJ4ENT 2ZLu¥ MATRICES (1=007PUT) ‘ 00079GC
KQLi=w======PRINT GLOBAL PLO4 MATEIX (130UTPUT) oo o080cC
KCL3==e==ee=PRINT BLEJENT CU4CENTIATIOY NATRICES (1=00TPUT) 000810
KOLjewowrese=pIINT GLOBAL COMSZNT2ATIION MATRIX (1=0UTPOT) 00082C
KQLS=ee==ae=NIT CURAIATLY Uoad 00083C
KCLf~=======NOT CURRENTLY UsscD ’ 0003840
KQL7)=======<PIINT POINT VELJCITIES (VALUZ OP KOD7 IS THE NUM3ZR 00085¢C
OF TINB SIBP3 3ai7#3EN EXCHd CALCULATIION) 000986C
KQLfe=======PRINT VECTO3 OF <JOWI VALUES (1=OUTPUT) - -00087C
KOL§========PIINT PIESSURE sulN. (1=00TPUT) 00088¢
KCL10e=====<PRINT CONCEBNTIAI.ON SOQLITION (1=OUTPUT) ooonres
KCL11e==e===¥CT CURREHTILY UoaaD or
KOL12-======YUNBER OP TIMZ S.EPS BETWREN PUNCHED OUTPUT 0
X0L 13=======N0T CUORREBNTLY UaaD ; 00092C
KOL14~e=====TYFE OF PUNCHED VOTPUZ - 00093C
0 INDICAT3S 232550325 AND CONCZNIRATIONM 00094C
=1 INDICAZES Pax3SUIZS ONLY : 00 095C
1 INDICATES CONGALNTRATION ONLY 00096C
KR (I) =======ROW INDICHS OP CuISTANT PRBSSURE NODZS 00097C
l=eencecca-e=BLEMENT NUNBZR 00098C
LR(]) ~>=====EQUALS ONE POR CuNSTANT PRESSURE NODE, ZE20 OTHERWISE 000993«
L3C (I)===~==20NNING SUN OF CUNSTANT PIESSURE HODES 00100¢
LRI (1) =>=====VALUES OP COUSTaidl PRASSURE NODES (NUMBER) 00101¢
‘Jeccccccca=NUMBER OF ACTIVE NODES IV ELEMENT 00102¢
NeccocvsaaaNJEBEX OF DEGRELS OF PLBEEZDOM POR PLOW 00103¢
§Beeeesecaweel NATRIX HALPBANO WIDIH (3STIMATED) 00104<
ﬁBl'-‘.5°--!OEI?IBD dAL?BA»y WIDTH 00105¢
§i-eceecee-=-NUNBEX OF ELZMZs.S 00106¢(
Aleemccosse- UNDER OF S0U&Ca OR SINK NODES 00107¢
Lecrcecacss=NJNBZR OF LEAKY BLEMENIS 00108¢
HieeceocaaeaNUXNBER OF NODES 00109¢
NEEINT======NO, OP TINZ3 2QUaTIJ8S AR SOLVZD BBTWEBEN PRINTOUTS .00110(
HBeeweececa=}JYBER OF DIRICaLET BOUNDARY BODES POR FLOW 00t/
NSeomcecsa==NUUBER OF CONSLAGT PRESSURE NODES 00112¢
01E11)°‘°--°STORIGB V32CTOR #uRd © 00113¢
P(I,J)=~=~==TINE DEPENDENI y,OBAL PLOW NATRIX 001141
PE(I,J)==~==TINE DEPENDENT sLEHENT PLOW MATRIX 00115
PHI (I) ======PRESSURE (d/Li»+2) O3 HEZAD IP AREAL PROBLEXN (1) 001°~
PHIAVG======AVEPAGE HZAD OVza AN ELEMENT one
PHII(I) ==~==INITIAL 23£SSU3E (M/LT*»2) OR HEAD (L) _ ( ¥

FOF (I)==~==-POROSITY : oA



AN 0O0OOO0O0N00OO0ONOO0OOOONDN

PZEFO (I)===~COEFPICIENT FOR 4IME DERIVATIVE OF CONCENTRATION IN 00120C

. PLOW EQUATION 00121¢

ESQ {I)=====~KNOWK VALUZS FOs 2.H.S OF COKC. EQN., (CURRENTLY ZERO) 00122¢
B1 (1) -------¥ECTOR OF KSOUN VALUES _j.i.. 00 123¢
SGI.J)°-"°‘5TORRGE BaTRIX ZvR PRESSURE ¢ ' po12er
SE (1,J)====«-ELEMENT FLOd ¥M2A.3IX 00125¢C
ELCEE~=-e==<ANGLE IN DZ3REES BETWEEN X-AXIS AND HORIZONTAL 00126C
SHIfececce==ELAPSED SIMULAL.JUNY TIME (MINUTES) 00127¢
SRCLT (I) ===-UNKROWAN PART v LEAKAGE AT POINT I 00128°¢
SECE(I) =====KNOWN PARI OF L.aKAGE FOR NODE I 00129C
SRCFT (1) ===-KNO®YN PART OP LoaKAGE AT POINT I 00130C
SSECe~~=====FELAPSED SIAULAJLVUR TINME (SECONDS) . 00131C
"STIPEeme=e=eELAPSED SIMDLAIIVUN TINE (HODURS) ' 00132¢C
ICHK=eoe=e==SPACIAL CRITE3.Jd PFOR TIME STEP SELECTIOH 00133¢C
THICK>oeoe==THICKNESS OF AQULFER IX AREAL PROBLEHM 0013ucC
IIffewcccec==SINULATION PERIVWY IN HOURS (T) 00 135¢C
TIZT1E(I) ~~-=--PROGRAM TITLE 00136C
TYFf=eocacsaTINE DERIVATIVS LNDICLATOR = FORWARD AND CENTRE 00137¢
U (1)==>=====SCLU21I0% VECTOR FOR 2RESSURE 00 138¢
Vil~eeecce==VEIAGE VELOCITL I¥X THE X DIRECTIORN 00136¢
Viljeewwoce==AVERAGE V£LOCIT: IN TEE Y DIRECTION 00160¢
VY (]) ~~====<X~COYPONZNT OF VZLOCITY (L/7) 00 14 %¢
¥Y (1) e~=====Y=COMPONEJIT OF VaLOCITY (L/T) . 00142(
X(I)==eweeaaX-CO0RDIJATE OF 4IDE (L) ‘ ; 00143¢
Y (I)==ve====T=-COORDINATE OF JODE (L) 00 144¢(
Ylecconcecec= CO-JRDINATE OF INTEGRLTION POINT 00145¢(
flecceccc=eaY CO-ORDINATZ U2 INTEGEATION POINT 00 146¢
| | | . DO17C
seeee NCTES:S ' . N 00188¢
1o TEE HALFBARDWIDIE ,4CLUDES THE DIAGORAL ELEBMENTS 00149¢(

2. THE VARIABLZS FHO0SX AND FMOBY CHANGE THEIE DEFINITIOR 00 150(
3. ELONG,ETRANS, AND wiPUSN AXE VEITICALLY INTEGRATED VALUES00151(

4. TEE PROGRAM IS Dzs.<¥ED AS A TEACEIVG TOOL AND AKD 00152(
TEEREPORE HAS A NININUM OF PRILLS : 00 153(

S. IAST XODIFICATION o2 THIS PROGRAY WAS AUGUST 1976 gg:suc
INEIICIT INTEGER®2 (I-N) ‘ 001556(
- INTEGER®4 17,1GO0,KTCAL,ITERc,I2CHNG,IROW,NCOL,NT, x.npaxur IARGT, 0C1STC
KN, IEF, N 00158¢
CCEEON /SCALAR/ . 00159(
1F0D1, KOD2, KOD3, KOD4Y, KODS, KOD6, KOD7, KOD11, KOD12, 00160¢
2KCTC13, KOC14, XOD15, MH,  AE, B, B, ¥B1, KKB, 00161¢
3KEE1, KNB2ST,KSTRT, KHBESL,&NB2 | , 00162
COMEON /DSCALR/ 001631
1CE,LIFUSK ,ETRANS, ELONG, TCEK, SRCL, CELT, VEAX : 00164 ¢
CONEZON /ABRAY/ , 00165¢
118, °“L8C, 1IN, KLR, KLBC . 00166
CONEOE /DARRAY/ o | 00167
1s, cp, CH, cPM, OBRT, CO¥C, CO¥CI, COLD, VI, 00168

i1vY, V1X, VLY, FEOBX, PHOBY, 0%, ST, QP, SE, PE, DISPY, DISPY, 00169
201S§XY, PEI, P, FM, OLD, H, oRCLT, SECB, SBCaT, PHII, Y, X, FQ, 00170!
3RT, CCEP, HZERO, COR, DGX, DY, Q, CFQ, THICK, ART, CCOEF 00171
DINENSION S (125,66),2 (V25,432 K (125,33) ,CP(125,66) ,CH (125,65), 00172
TPHI (150) , CLD (150), CONC(150),COLD(150),CPA(150), VI(12), VY (12), 00173:
2COE (15), LGX(12), DGY(12), SaCLT(16), SE(12,12), 0(16), PE(12,12),0017s
30P (16), SACR(12), S3CiT(16), FQ(150), P¥(150), C3T(150), 0017%
4PHII(150) , PMOBX(91), PA4OBY(y1), LR(150), LRC(150), Y (150), 00176€
SY(15C), IN(13,51), RT(150), COEF(91), HIZERO(150), POB(S1), ST (9'),00177
6KLE (150) , KLIC(150), CORCI(150), ELONG(21), ETEANS (91) , CPQ(150), 00178
ATEICK (91) ,ART (125) ,CCOEE (91) 00179
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CININSION TITLE(20),CHAR(77), DIGIT(10),KR(430), LRT(50), 00120
1XK3 (4C) 00181
DATA BLANK/1H /,STAR/183/,0i5IT/1HO, 141,142,143, 184,145,146, 147, 13’
18, 189/,START/4BIS0Q/,3 fo/QﬂaXIX/'KR(i)/O/,

2!31/03102‘/,CN‘B/“HC'HT/.Tba/Q./,NO/1/ 8y
(o cemsressscecteces e ctnStaSAtst s se T e SrSsssee cesesescccccrencsenaa 0018s:
C 00186
1C REAC (5,840) CaA3D 00188«
I? (CARL.EQ.EXIT) STOP 00 189¢
IP (CARD.NE.START) GO TO 10 001904
REAL (5,840) TITLE ‘ 00191«
¥3I1: (6,2850) _ 00132
WRITE (6,85Q0) TITLE 00193¢
o . 00194¢(
REAL (5,910) H¥,NE,NS,HNB,9P,al ,KNS,KHB,NLH 00 195¢
w311k (6,520) 00 196¢(
(of 00 198¢(
REAL (5,940) TINE,D2LT,CHHG,.THAX,ITCHNG,TCHKX,TYPE,DIPUSN, 00199¢(
INERINT,IGC 002400¢
¥BI1B8(6,950) TINE,DRL:,CHNG,ITMAX,ITICHNG, TCﬂK.DIPUSN, 00201C
18F5E14T,IGC 00202«
1? lT!PE.IQ.?WD) WRITZ (6,304) 00203¢
IP (TYPE.EQ.CYIR) WRIIB (6,»70) 00204C
c 00205¢
BEAL (5,1480) APNOBX,APHO0BY, AST, APOR, ABLONG, AETRAN , ATHICK, 00206<C
1ABE1X, ACCNCI, PACTOR,AL3AK ~ 00207
WRITBR (6,1850) APMOBX, APMU3Y, AST, APOR, ABLONG, ABTRAN, ATHICK, 002CA(
1AFHII, ACONCI, PACTOR,ALEAK 002
C ¢ ‘o
R3AT (5,910) Xob1,X0D2,X0D3,K0D4%,KOD7,X0D8,X0D9,X0D10,K0D12,K0D14 &621/C
c 20
CeeeaoeWRITE QUT CODE INTRREFIBTATIVM 002130
W3I1E (6,25) 002140
I? (KCDY .2Q.0) WRITE (6,1) 4 002150
IF (KCD1 ,.NE,0) WRITZ(6,2) 002160
IP (KCD2 J.EQ.Q) WRITZ (5,3) 0021790
I? (KCD2 .HB.Q) WRITB(6,9) ) 002180
IP (KCD3 .2Q.0) WRITZ (§,5) 00219¢C
I® (ROD3 .NB.0) WRITZ(6,6) 00220¢
I? (KOD4 .BEQ.0) WRIIB (6,7) 00221¢C
IP (KOD4 LHZ.0) WRITB (6,3) : 00222¢
IP (KCD7 .¥B.0) WRITR (6,9) KOD7 * 00223C
Ir (XQD8 .BQ.0) WRITB (5,1«) 00224C
I? (X008 .¥3.0) ‘WRITZB (6,13) 00225"
I? (KCD® .EQ.0) WRITZ (6,14) 002260
I? (KOD9 .NE.Q) WRITB (6,15) 002270
IF (KOD10 .EQ.Q0) WRITE (5,1v) V 002230
I? (XO0D10 .¥B.0) WRITEZ (6,17) 002299
I? (KCD12 ,NE.D) WRIZEB (5,13) KOD12 002300
I¥F (XOD14 .EQ.0Q) WRITE(6,22) 002310
I¥ (KCD14 .2Q.-1)WRIT2 (5,24) : 002320
I? (KCD13 .2Q.1) WRIT3I(5,24) 002330
c 002340
C. ..‘..30:1 COOBBIHIA!S 00233"
REAL (5,980) (J.X(J',!(J‘,KSI.IN) 002:
LC 19 J=1,88 007213,y
2 (J)=X(J) *PACICR . ¢

19 Y (J)=¥(J) $PACTOR ” o._40
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WEITE (6,950)
WEITE (6,1000)
WSITE (6,1010) (J,X(J),T(J),d=1,HN)
c i
CoeeesSCUFCE ANL SINK KODES, EQ.
CeosesSOUECES A3E POSITIVE
WRITE (6,1020)
£C 20 I=1,NN
2C EC(I)=0. :
IF (NF.EQ.0) GO TO 40
LC 30 I=1,NF
REAL (5,980) IQ,F0(IQ)
30 ®RITE (6, 1030) IQ,FQ(IQ)
. 4C CCHIINGE
c .
Ceoveee SCUFCE ANL SIKK COECENTRATIUNS, CPQ
WEITE (6, 1040)
£C 50 I=9,NX
€0 CEC(I)=0.
IF (KF.EQ.0) GO TO 70
LC €0 I=1,NF
FEAL (5,980) IC,CFQ(IQ)
6C WEITE (6,1030) IQ,CFQ(IQ)
70 CCHIINOUE
C .
CeososREAL INITIAL PEESSURE OR HZav VALUES
. EEAL (5,1051) (PBII(I),I=1,a4d)
' LC 1470 I=1,KN
147C EHIZI(I)=PHII (I)*APHII
' WRITE (6,1070)
¢0 WKITE (6,1080)
WRITE (6,1090) (I,PHII(I),I=1,N¥N)

C . .
CeeeesREAL INITIAL CONCENTAATION VALUES
: REAL (S,1051) (CONCI(I),I=1,3K)
i DO 1460 I=1,NN
1460 CONCI (I)=CONCT (I) *ACONCI
WRITE (6,1100) (I,CONCI(I),i=1,8X)
C .
Ceeoes ELEFERT INCIDENCES
Cecees FREF FOEMAT POE INPOGT
TC 100 I=1,13
pC 10C L=1,HE
100 IN(I,I)=0
DO 200 LLat,NE
BEAL (S,1110) I,CHAR
KC=(C '
KE=4q
KS=3Z
J=0
11C NON=0
120 J=J+1
IP (CHAR(J).EQ.BLANK) GO TO 120

P T L

c
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002406
00241¢
00252¢
00243C
00244¢
00245¢C
002460
00247
002480
002450
002500
002510
00252¢
002530
002540
002550
002560
002570
002580
002590
002600
002610

. 002620
002630
002660
002650
002660

- 002670
002680
002699
002700
002710
002720
002730
002740
002750
002760
002770
002780
002790
00280¢C
00281¢
00282¢
00283C
00284C
00285C
00286C
002870
002480
002890
002900
002610
002920
002930

002950

. Coesso DETERBINE INCIDENCE P20H CHAGACTER LIST AND ADJUST POR POWER OF 002940

. CO....TIHO

. 13¢ IsC

i 180 I=Ie1

; IF (I.LE.10) GO T0 150

' WSITE (6,1120) CEAR(J),L

002960

0029790

002980

: © 002990
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6o 10 10 00300¢

150 IF (CHAR(J) NE.DIGIT(I)) GU 20 140 . 00301¢
HOB310¥0N+I-1 003c2«(
REREY] (14 U
c .
CeeeosCHECK NEXT LOCATION-IP IT IS5 AN $ THIS IS A CORNZR NOD2. IP IT IS Objﬂ.\
C BLASK THIS IS LAST DISIT 02 a SIDE NODE. 00306¢
IF (CHAR(J) «.EQ.STAR) GO TO 100 ) 00307¢
I? (CHAR(J) .EQ.BLANX) GO TJ 170 00308¢
GG 10 130 : 00399r¢
16C KC3RC+1 00310¢
c . 00311¢
CeceoeHHEN KC, THE CORYER COUNTE3,.S PIVE THE INCIDENCE LIST POR 00312¢
CeoessELERENT L IS CCMPLETE. 00313«
CeceeWHEN A XOLB IS5 ABSEHT P303 A POSSIBLRE LOCATION,ZERO IS RECOIDED INOO3I14{
CeeoseIHE IN ARFAY, 00315¢
: I? (KC.EQ.5) GO 70 189 ) . 00 315¢
IN(RC,L)=NDY 00317¢
I? (X3.B2Q.0) KE=KE+2 _ 00318¢
KS=( 00320¢
GG 10 110 0032V
17C KEsRE+1 003221
KS=KS+1 -00323¢
IR(RE,L)=N0N . 0032w
I? J.LT.65) GO T0 110 00325
WRITZ2 (6,1130) L : -00326:¢
GC 10 10 . - "9032m
18C N=3 . , 003281
c 003294
CoeeeeeCCUXT ACTIVE NODBS. IB THOSZ NIOT BQUAL TO ZRERO. 00 33
gC 19C 125,12 _ ¢ .
IP (IN(I,1).£Q.0) GO TO 190 'kbziil
N=2N+41 . 0 3
19C COx1INUER 00334«
IR(13,L)=1 0032351
20C CCNIINUZ ) 003 35¢
WBITE (6, 1140) 00337/
WRIT2 (5,1150) 00338«
£g 21C 1=1,N88 00339
c 00341
CeososREAL BLENENT PARANETEAS : 00342
WBITB (6,1170) 00333
DO 22Q LL=1,%B 00344
RBAL (5,1180) L,PMOBX(L),PN03Y(L),ST(L),POR(L),BLONG (L) ,BTRANS (L) ,00345
1T8ICK (L) 00345
FSCEX {L)=FNOBX (L) *AFNOBX 00347
FNCEY (L)=PMOBY (1) #APN0BY 001348
ST (1) =ST (1) *AS1 00349
POR(L)=POR (L) *APOR 00359
BLCYG (L)=ELONG (1) *AELONG 00351
ETRANS (L) sETRANS (L) *A3TRAYN 00352
TBICK (L) 3THICK (L) *ATHICK 00353
¥BI1E (6,1190) 1,PMOBX(L),PauBY(L),ST(L),POR(L),2LONG (L), BTRANS (L) 00354
1,TBICK(L) 00355
CooossHOTE THAT PNOBX AND PNO3Y Anxs NOW REDEPINED AS TRANSMISSIVITY 00356
PHCEY (L)=PNOBY (L) #THICK (L) 003%™
PHCEX (L) =PNCBI (L) *THICK (L) 0n°
220 CONTINUE : 9

] , N
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C
Ceoooe LEARY ELENENT COEPYICIBNIS .
pe 230 I=1,NE .
CCC!?(I)‘O.
230 CCEE(I)=0.
IF (NL.EQ.0) GC TO 250
L0 240 J=1,NL
REAL(S,983) I,COEP-Z),CCOEF(J)
240 CCEI(I)*COEY(I)‘AL ¥ :
WSITE(6,1200) - (I, CLeP(I) ,CCusP (I) ,I=1,HE)
po 2% I=1,KN
241 HZEFO () =C. . .
BEAL (S,242) (I,HZERO(I),Jd=1,HLH)
242 FORPRT(5(15,G610.0))
‘REITE (6,2043)
243 FCEBAT (///711X,32HCONSTANT HeadD FOR LEIK! ELENENTS/11X,32 (1d-))
¥EITE (6, 1080)
WRITE (6,1090) (I,BZ2RO(I),I=1,18Y)
25C CCHIINUE
c -

CeeeesDIRICHLET BOUMDARY NODES FOd PLOW (IFDICATED BY LR=1)
NEIIE (6,1230)
DO 270 I=1,EN
270 1R (1) =0.
IF (NS.EQ.0) GO TO 310
1S%I=0.
28C Bilg (S,1240) (LRT (ITT) ,ITT=i, 20)
IA=
po 250 I=1,20
IF (LET(I).EQ.0) GO TO 300
Iis]
J=1FT (I)
BST=NET+1
I? (J.LE.EN) 30 70 290
.~ WEITE (6,1250) J
GO 10 10 .
-290 L3 (J) =1
300 &RITE (6,1260) (LRT(IIT),I1a=1,Id)
IF (I1.EQ.20) GO TO0 280
c IP (HST.NE.NS) WRITE (6,1270) KST,NS
CeossesCTEICHLET NODES POR CONCENIRAIION
31C . 4BITE (6, 1280)
LC 320 I=1,HX
320 KLF(I)=0
If (K¥S.EC.0) GO TO 360
HST=0 "
33c glli (5,1240) (LRT(ITT),IT2=1,20)
As
pC 340 I=1,20
If (LET(I).EQ.0) GO TO 350
IA=]
J=1ET (I)
HSTI=NST+1
IF tJ.LE.KN) GO TO 340
WEITE (6,1290) J
GC %0 10
340 K1E (J)=1
35C WRITE (6,1260) (LRT(IXIT),IIT=1 Il)
IF (I3.EQ.20) GC TO 330

00360¢
00361¢
00362¢
00363¢
00364(
00365¢
00366°
00367¢
00368(
00369¢
00370¢
00371¢
0372¢
00373¢(
0037&¢
00375¢(
00376¢
00377¢
00378¢(
003797
00380¢
00381(
00382(
00383¢
o386l
00385¢(

00386(
-00387(

00388¢(
00389¢
00390/
00391¢
00392(
00393¢(
00394(
00 395¢
00396¢
00397¢
00398¢(
00359/
004 00¢
00401
00402
00403
o0& 0L
004 05
00406
00607
00k 08¢
0046 09¢(
004 10¢
004 11¢
00812«
004 13¢
008 141
00415
004 16¢
0047
004 18!
006419



I? (NST.NE.KNS) WRITZ (6,130v) NSI,XNS ' 004209

360 CCNTINUS . 00421C
Ceooes5NL DATA INPUT : o -
c .

Ceveeel NI TIALIZATION gkuifc
CeveosoSUN DIRICHLET BOUNDARY HODES 00425C
L3C (1)=L2 (1) 004269

£C 370 J=2,4% 004270

370 1EC (J)3LRC(J=1) +LR (J) 004280
NR3IRC (NN) : 00429¢
NaEbN=-NR : 004300

KLEC (1) =KLR (1) : 004310

LC 230 J=2,uH 00432C

380 K1BC(J)=X1RC(J=1) +KLR(J) 00433C
KN53KL1RC (8Y) 004 34¢
KB=5N=KNR ) : 004 35¢

W3ITE (6,1310) AH,¥R,N¥,K¥3,KH 008360

c. 004370
Ceeees CONSTANT BOUNDARY NMATARIX ROW INDICES i _ .00438¢
k=0 004390

DO 390 J=1,8¥ 004400

IP (LR(J).LT.1) GO T3 390 . 00481C

KaK+1 004320

K3 (B) 33 : 004843C

390 CCHNIINUE 00434C
X0 00445¢

DO 400 J=1,8H 00446C

IP (K1IR(J).LT.1) GO TO 400 - '00447C

K2K+1 : 0044330

KKXB (K)=Jd : _ ooar -

4C0 CCHIINUE 0
c O\ngc
Ceeoss CORSTANTS 005520

ALV2NC=YES 004530
ST1IME=0, ) 003540
KT11=0 : 004550
IT=C 003560
C211=CBLT*3600. 003570
SSEC=0. , 00458¢
KNR1=0 . 00459¢
#8120 00460
XNBIST=KHB ' 00461¢
KBBZ=2#KND-1 . 00362¢
KNB2ST=KHB2 00463
1s0 7 0035a¢C

c : 004865¢C
CeeeesCLEAR A2RRAYS 00465C
£o 410 I=1,H ‘ 0045670

DO 810 J=1,%B 004680
F(3,3)30. . 00469C

41¢ B(I,J)=0. 00470C
DO 420 I=1,KY 004371¢

DC 420 J=1,K¥B2 00472¢

CE (1,J)=0. 00473¢C

426 c3(¢1,3)=0. 00474¢

c 00475¢
II=( 004-
KII=0 oon
£C 470 I=1,8% : ( 1

@y ™

CPHE (I)2CONCT (1) - : 6__A



PH (I) =PHII(I)
IF (LR(I).GT.0) GO TO 430
II=1I+1
FEI(II)=PEII(I)
OLE (II) =PRI (II)

430 IF (KLIR(I).GT.0) GO Tu &70 -
KII=KII¢l :
IF (CEQ(I)) 450,480,440

440 CBIQKII)S'FQ(I)‘C!Q(;)
GC 10 460

450 CST (K1I)=0

460 CCHC(KII)=COKCI(I)
CCLI (KIX) =CONC (KIIX)

470 CCNTIINDE

C

Ceoees ENL CATA IRITIALIZATION

C

c

c TBALNSIEET SOLULIOR

CeeeesGENERATE COEPFICIENT SATRICZS FOR ?LO' ARD TRK“SPORT
C S SR AEE ST RN ERFL RS K EE

582 CAlI COGEF (2,8,KH,1IT)

C ‘..““t‘.l‘tl‘l“‘t‘l

c

Ceoees TIFEF STEP MODIFICATION?

I? (XCD(IT,ITCENG).NE.0) GO i0 580

- c
' CeeeesCCEEUTE TIME STEP e

I? (IT.1T.1) GO TO 560 - 3
DEL1=TCEK/VNAX -

586¢ CCHIIRUE

c

c

Ceees.SOLVE FOR EYDRAULIC EEAD
DELTGC=DELT*IGO

DO €00 I=1,K
€0C CLE (I)=PHI(I)
c .
Cecose SELECT APPROXINATION POR TIz. DERIVATIVE
¢ IF (TYPE.EQ.PWL) A3=1,/DELTGU
IF (TYPE.EQ.CHTR) A3=2./DELluD
CeeessCORFUTE S FROM E AND P
DC €60 I=1,H
DO €60 J=1,HB1
660 S (I,J)sB(I,J)+P(I,J)*13

C ,

Ceeoes DECCHEOSE

C S80S S0 NN EEES
CALL DBRID (¥,IEY)

[ o4 IR EST SRR ETT R 2 2 8]

c

CeaeesCCHEUTE VECTOR OF KNOWN VALUSS

DC €70 I=1,%
67C P8 (1)==RT (I)

Ei=kKe1
E2=8-1
FE(K)=FR (N) +P (N, 1)‘!3‘0LD(U)
DC €80 I=1,K2
ILFG1=KB

00LEOC
o0ous1(C
ooL82¢
00683
0048uC
004 B8S5C
00486C
ooue7(C
oougg?’
0048SC
00890C
00451¢
00492C
00493¢C
gousud
00495¢C
00696¢C
00K97¢
oouee’r
004981
00500¢C
00501¢
00502¢

. 00503¢

00504(C
00505¢
00506C
00so7c
00508¢
00509C
00510(
00811¢C
005120
005130
005140
005150
005160
005170
005180
0051s¢
005201«
00521¢(
00522
00523¢
00524¢
00528t
00526¢
005270
005280
005290
005300
00521¢
00532¢
00533¢
00534¢C
00535¢C
00536¢C

. 00537¢

005138¢
0053¢



oy
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T11sPINO(IARGT,N1-1)
FA (1) 3PN (I) +P (1,1) *A3*0LD (i)
CC €80 J=2,11
14=214J=1
PR (I) 3PN (I) +P(I,J) *A3+0LD (La)
680 PR (1M)=PN (LN) +F(I,J) *2a3*ILD(4)
IP? (XOD8.NE.1) GO TO 090
W3ITE (65,1350)
#RITE (5,1080)
WRIIZ (6,1090) (I,PM(I),I=1,d)
c
CeesossBACK SUBSTITUTE
C S8 IS FEENBERED

69C CALl SBAND (W)
¢ tRRRERTEERLEL T
¢ )
CeeeeCALCUIATE NEW VALUES
I? (TYPEZ.EQ.PWD) GO TO 721
£C 700 I1=1,1
7C0 PHI (I)32.*PHI(I)-0LD(I)
721 CCHNIINDE
C

CeeeesdLJIUST PGR COREECT NOUAL SZyUENCE - USE FM POR TENMPORARY STO2AGE

IE=(
LO 770 I=1, NN
I? (LR(I).GT.0) GO TO 760
IFs1P+1
P8 (J)=PHI(IP)
G0 10 770
760 PN (I)=PHII(I)
77C CCEIINUE
CeceesENL CALCUIATIONS FOR HEAD
c
c
CeeeesCAICULATE CONCENTRATION
CseeesSELECT APFROXINATION PO3 TIAZ DERIVATIVE
I? (TYPE.IQ.PWL) 1A3=1./D3LT
I? (TYPB.EQ.CHTIZ) A3=2./DELI
LO 421 I=1,XN
CO 421 J=1,K¥B2
5821 5(1,J3)=0.
C
CeoesePOINT OF EBTURN POR INNER COaCENTRATION CALCULATION
Ceees.CONFUIB S P308 CP AND CH ANV XNOWH VECTOR, CPTH
CeoeoeoeJELITE COLD
581 LC 290. I=1,K3
£90 CCLII(X)=CCHC(I)
K3IaRT=1
KLIFP=Kli=-KNB+1
JSTIRT>XEB+1+KS5IR?
JSICPaKEB1
DO €30 I=1,XX
CPE(I)==CRT (I)
IP (T.LB.X¥B) JSTART=JSTARI-)
IP (1.GT.KDIPP) JSTOP=JSTOP-1
IP? 1.GT.KND) KSTART=KSTAATI+)
K=2KETART-1
DO €40 J=JSTART,JSTOP
Kak+1 .
JACT=J-XSIAT

\\//9

005599
00541"
0p =427

O/

.00545¢C

00546¢C
00547¢
00548C
06549C
00550¢
00551¢
00552(¢
00553¢
00554C
00555¢
00556¢

. 00557¢

00558¢(
00559¢(
00560¢
00561¢
00562¢

00563¢(

00564¢(

- 008651
.00566¢
-00567¢(

00568
00569«
or~

( .
h_ A
00573
00574«
00575
00576:
00577
00578
00579
00530
00581
00582
00583
00584
00585
00586
00587
005388
00589
00590
00591
00592
00593
00594
00595
00596
00’

,

-
!



C

» o ..

I? (ADVANC.EQ.XO) GO TO 640
S (I,JACT) =CE (I,J) +CE (I,J) *4>
64C CEE (I)=CFN(I) ¢CP (I,J) *COLD(K) *A3
IF (JCVANC.NE.YES) GO TO 64d5
IE=(
LC €402 I=1,NN
IF (KLE(I).GT.0) GO TO 6402
IE=IP+1
IF (PO(I).LT.0) GO TI 6402
S(IF,KNB) =S (TP, KKE) +FQ (I)
63C2 CONTINUE
64CS CONTINUE
IP (KOCB.NE.1) GO TO 650
WAITE (6, 1320)
¥BIIE (6, 1080)
WEITE (6,1090) (I,CEM(I),I=1,KK)
€5C CCNTINUE - ,
c
CeceeeSCLVE CONCENTRATION EQUATIONS
LC €51 I=1,KN
651 AST (I)<=CF¥(I)
I1FGI=KNB~1

C “.O“ﬁtl‘t‘t“t‘t‘l“*#‘t'.‘.“*‘t“““‘*"tl‘

IF (ADVANC.EQ.NC) GO TJ 653 ’
CALl SOLVR%(1,5,A3T,KN, Ilau1.125.66)
653 CAIL SOLVE (Z.S.lRT,KX.IlRGI.125,66)

C SIS IS EL BB FAREFRXSH A SS R EERXERL S AL LR B S ERX AR SRS K&

C
LC €52 I=1,KN
652 CFE(I)=ARTI(I)
o
Ceoee.CALCULLATE NEW VALUES
IF (TIPE.EQ.FPRD) GO TO 720
Lo 710 I=1,K§
710 CCEC(I)=2.*CFN(I)~-COLD(I)
GO 10 741
720 LC 730 I=1,KN
730 COEC(I)=CEN(I)
Cc

Sty # et

00600¢
00601¢
00602
0060¢
006 0u«
00605¢(
00606¢
00607
00608«
00609¢
00610¢(
006111
006 12!
006131
006141
006 15¢(
00616
00617’
0G6 18!
00619
00620
o621
00622
-00623
00624
00625
-00626
‘00627
00628
00629
006 3C
00631
00632
00633
00634
00635
006 3€.
00637
00638

CeeeeoeALIJUST FOR CORBEC“ NODAL SEQUENCE - USE CFN POR TEMPORARY STORAGZ 00639

741 KIE=0
DO 791 I=1,KF
"IP (KIR(I).GT.0) GO 7O 780
KIE=KIP+1
CEE (1) =COUC (KIF)
GO 10 791
780 CEE (I)=CONCI(I)
751 CONTINUR
7SS CCNIINUE
SSECeSSEC+DELT
SBIN=SSEC/60,
. STIPE=SREIK/60,
ITsIT+1
CeseorENC TRANSIENT SOLUTION CALCULATIOKS
c
c

Ceeess C T T POT

751 IF (MOD(IT,KBRINT).NE.0) GO LO 820
" IF (KOD9.¥E.1.AND.KOC10.KE.1) GO T0 820
IF (I1.EQ.1) GO TO 800

00640
00641
00642
00643
0064
00645
006ue
00647
00648
00689
00650
00651
00652
00652
00654
00655
00656
00657
00658
00659



1

Bl T cr——— - - - . - Ceme e e

DEXT1=DELT/3600.

9311E (65,13680) I7,DELI1,STidL,SHIN,SSEC
800 I? (KCD9.H8B.1) GJ TO 310

WRIIZ (6, 1370)

WEITE (6,1080)

WIITE (6,1090) (I,PM(I),I=1,uN)
810 I¥ (XOD10.XE.1) GO TO 820

W3I1E (6,1390)

¥RITE (6,1080)

¥811E (6,1090) (I,CPN(I),I=1,MN)

c SIS ESEIPSXEIEEIRTRES
IAEG13K0D7
I? (MCD(IT,IARG1T).EQ.J) CALL VCAM
(] Y EITET YT RTAL SR EE L £ 2 )

W3ITE (6, 1400)
WSITE (5, 1410)
8a2c CCXIINUE
IMNEGI=KOD12 .
I? (MOD(IT,IARGT) .NE. Q) GV TO 829
I? (XOC14.LT. 0) GO TO 823
WBIIB (7,1053) IT,STINR
WEITE (7,1051) (CPM(I),I=1,5%)
228 IF (XKCD14.GT.0) GO TO 829
%3112 (7,1052) IT,STI4B
WBITE (7,1051) (PN (I),I=1,Nd)
829 I? (STINME.LT.TINE) GO TO 339
WBIIZ (6, 1520) STINE
GO 10 83§
83C 1P (I7.1LT.ITNAX) GO TO 520
RBITR (6,1430) IT
836 I? (XGD14.L7.0) 50 TO 327
WBITE (7,1053) IT,STINEB
¥BIIZ (7,1051) (CPN(I),I=1,Nu4)
€27 I? (XCL14.GT.0) GO TO 821
WRITE (7,1052) IT,STIMB
WBITIB (7,1051) (PM(I),I=1,i8H)
GC 10 821
Ceoee . ENL 0OUTRPUT
C

Ceeses SEIECT INNEI OB OUTER CONCB4IRATION CALCULATION

%20 ALVANCaNO
IP (MOD(IT,I50).BQ.0) ADVANCaYES
IP (ALVANC.2Q.¥0) GO 20 581
Ge 10 382
C e
CeeeesSELECY NRW DATA SBET
821 Go 10 10

g}

Ceeeee P CRRAATS

POREAT (11X, 'BRRINT GLOBAL PLO7 MATIIX')

-l DONRANEWN =

w N

POBRAT (11X,'SUPPRES3 PARINIGUT OP BLEAENT PLOVW MATRICES')
POBEAT (11X, °*PRINT BL3M3BHI PLOJ MATRICES!)
FOREAT (11X,'SUPPR2SS PRINTUUT OF GLOBAL PLOW MATIIX')

PORMAT(11X, *SUFPRESS PAINTOU. OF ELZIMENT CONCENTRATIONM MATRICES')
PCBEAT (11X,°P2INT ELINENT CuNCENIIATION MATRICES?)
PORPAT(11X,°*SURPP3IESS PRINTUUL OP GLOBAL CONCENTRATION MATRIX')
PORPAT (11X, *PRINT GLOBAL CuavENTIATION MATRIX')
POBEAT(11X,*PRINT VZLOCITIZ> BV23Y' I4,' TINE STEP(S)')
PCREAT(11X, 'SUPPIESS PRINIVUT OP RIGHT HAWD SIDE VECTORS')
FCEEAT (11X, 'PRINT RISHT HAdv SIDE VECTORS')

006600
00RAYC
o/ -
0

0086064
00665¢C
00565"
00667C
00668¢C
006699
006700
006710
006720
006730
006740
00675¢C
006769
00677C
00678C
006790
005680¢C
006210
00682C

00683C

006840
00685¢

-00686¢C
‘006870

006830
00AA""

or
okzg/t
00892¢

00693C
006340
00695C
00696C
00697C
00693¢
00699¢
00700¢
00701¢
00702¢
00703¢
00704¢
00705¢
00706¢
00707¢
00708¢
00709¢
00710¢
00711¢
00712¢
00713¢
007 14¢
00715¢
007° -
op”

¢ AL
0.4t



LI . o .
T B e O BB - - S * R, A4 - . . .. s -

1% FOREAT (11X,*SUPPRESS PZINIUUT OF COMPUTED EEAD') 00720¢

15 FOREAT (11X, 'PRINT COMPUTED dsAD') | 00721¢
16 PORPAT (11%, 'SUPPRESS PRINTJJT OF CONCENTEATION SOLUTION') 00722¢
17 FOEMAZ (11X, *PRINT CONCENTZAIION SCLUTION') . 00723¢
18 FOBEAT (11X,'PUNCH OUZPUT EV.LARY',I4,' TIME STEP(S)®) 0072640
22 FCEEAT (11X,'PUECH EEAD AND CONCESTRATION') 00725¢
23 FORPAT (11X, 'PUNCE HEAD ONWLY') , 00726C
24 FOREAT (11X, 'PUNCE CONCENIEAZ.ON ONLY') 00727¢
25 FOREAT (/////11X,'CODZ OPTIJ&S? /11X, 12(1&-)//) 00726¢

84C FCEPAT (20A%) 0C729¢

€5C POEPRAT (1H1,36X,1SEI S O Q U 4 D 4//28X,3SHGROUNDVWATER FLOW AND MAON720¢
18s IEARSPO&T//?SI.“1ﬁHIIH ISOPARAMETRIC QUADRILATEPAL ELEMENIS//3800731C

2%, 1EECCTOEER 1 1971//) 00732¢C
86C IOFEAI (11X, 70(15‘)//11!.20&4//11! 70 (18%) ///) 00733(
S1C FCERAT (1515) 00734(¢
§2C FORMAT (///711X,19HFINITE ELsdZNT DATA/11X,19 (1R=) /) ' 007 35¢

63C FOEFAT (1H ,10X,11HNUMBER OF -,2X,SHNODES,I24/21X,1H-,2X,BRELEMENT0076(
1S,121,21X ,10~,2X, 28 ADI2ICHLSY BOUNDARY NODES,15/2%X,1H~,2X,20HSOUR007237¢
2CE CE SINK WODES,I9/21X,1H~,<X,20HELENENTS IN HALFBAKD,/21Y,1H ,2X00736°
3,8EFOR FLOW,I21/21X,1d ,24,17HPOR CONCERTRATION,I12/21X,1H-,2Y,14H00739¢C
GLEARY ELEMENIS,X15/21£,1E=,c4,25ACONSTANT CONC. BOUNDARIES,I&,/ 007u0¢
$211,18-,2X, 19SELEAKY ELEMENT KODES,I10) . 00781%<
94¢C FCFF2T (3¥10.0,2110,F10.0,44/1710.0,2110) ' 00782(
9S50 FOErAT (/////11X,1SHTINE PiaaMEIEES/11X,15(18~)//11X,26HSINTLATION00743(
1 EEFIOD IN BOURS,F30.2/11X,20EINITIAL TIME STEP IK HOURS,FP30.6/11X007084(
2,3SEMULTIFLIER POR INCREASINw TIME STEP,P21.3/%V1X,3BEMAXTEUN PERMIOGT745(
3TTEL NUXBER OF TIME STEPS,I113/11X,4UENUMNBER OF TIME STEPS BETWEEN 00746(
4CHIYGES IN D2LT,I12/11X,31E52ACIAL CEZITERTON FOR TIME STEP,F25.3/100747¢
511 ,28EM0LECULAE DIEEUSION CCuSTANT,0PP28.3/ 00748

6 11!,4:BNU!833 OF CALCULATED VALUES BETWEEN 00749¢
7EBI!IGUTS,I11/11!,“¢8HU!BB& OFP CONCEETERATION S¢EPS PER PRES. STEP,00750¢

€112) 00751t
1052 FOEPAT (5X,4HREAD,I64,615.5) o © 00752¢
$6C POFFAT (///11X,26EINPLICIT JiME DERIVATIVE///) 00753C
97C POEEAT (///11X,26ECENIERED I.ME DERIVATIVE///) _ - 0075u¢
980 FOFPAT (IS,2F10.0) | ’ 00755¢
. $83 FCEX2T(I5,3P10.0) , 00756(¢
SSC FCERAT (////11X,16ENODE COOEDINATES/11X,16 (18=)/) 00757¢
100C ECEMAT (1H ,2(11X,4HNODE,12%,1Ek, 15, 1HY,2X)) 00756¢
101C PCFPAT (1B ,2(10X,I8,2F16.2)/(11X,I4,2F16.2,10X,18,2F16.2)) 007581
1€2C PCEEAT (/////711%,2TESOUCE (+) AND SINE (=) uon25/11x 27 (1H=) /11X, 4E00760
18OLE, 10X, SEDISCEARGE/) 00761
1€30 PCEPAT (11X,I8,P16.8) | ' 00762
1C40 POERAT (/////13%,30HSOUICE aBD SINK coucantnxr:oaS/11x.3o(15-)/111007&3
1,4E50LE,7X, 13HCONCERTRATION/) 00764

1051 POFEAL. (SG15.7) : 00765
1053 POREZAT(SX,13ECONCENTRATION,Z%,G15.5) 00766
1070 FOE2AT (/////¢11X,12BINITIas EEAD/11X,12 (1E~)) 00767
108C FPCEPAT (/11X,6 (4HNCDZ,S5X,3HVALOE, X)) 00768¢
1CSC FOERAT (/ (11X,6(I4,2X, 1PE10.3,3X))) 00769
1100 POEEAT (////11X,21HINITIAL SONCEKIBATION/11X, 21(13-)/111 6 (tENODE, 00770¢
15X, EEVALUE, 5X) / (11X,6 (14,24, iPE10.3,3X))) 0077 %¢
1110 EC5PAT (I2,7741) 00772
1120 FOEEAT (1HO,10X,17HINVALID CdARACTER,2X,A1,5X, THELENENT,IS) 00773«
113C PCREAT (1HO,10X,2SHINCONPLES s DATA = ELENEET,IS) 00774
1140 FGEPAT (/////11X, 1BHELEMENT LNCIDZNCES/11X,18 (1E-)/) 00775
11506 FOEPAT (1B ,10X,7HELZSEST,5K,1E/, 3 (1E=), 9% CORKERS ,4 (1E-) ,18/,7X,00776
118/,16 (18=) ,TH SIDES ,15(18~-),1H/) 00777
1160 EFOFRAT (V¥ ,4X,I10,5X,4I5,54,8I5) 00778

1170 ECEEAT (/////11!,1855&3653& RIEIEETBES/11X 18 (1E-) //69X,12BDISPERS00773
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1IVITY/11X,88HELENENT X~-803..ITY Y=-MOBILITY STORAGE POROSITY LO0780C
2CNGITUDINAL TBANSVERSE Td.CRNES5//) 00781¢
1180 ICEEAT (I3,7P10.3) 007182
1190 FORPAT (13X,I3,4X,1PE10.3,21,1P2E10.3,3X,0PP4.2,5X,1PE10.3,3X,810.¢ ¢
13,23, 110.3)
120C FORIAT (////11X,204LEAKAGE CUBPPICIZNTS/11X,20 (18-) /11X,2 (SHNODE, 00T oo0
12X, 11BCORPFFICIENT, 3X, 13H.ONCAN*RAI¢ON,JX)//(112 2(I3,4X,7'PE9.2,3X 007662

2,1519.2,71))) 00787¢
1230 PCEPAT (/////11X,33RDIRICALE] BOUNDARY NODES POR FLOW/11X,33(18-)) 007837
124C FCEPAT (20I8) - 007890
1250 FORMAT (11X,10(1H%),334 DIRLCHLZT BOUYDARY NODE POR PLOW,I4,38EDOE007900
1S BCT EXIST - EXBCUTION TEZius¥ATED ,10(18%)) 007910
1260 FCEPAT (11X,2015) 007920

127C PCEPAT (1HO,10(18*) ,498 ¥UN3sR OP DIRICHLZET BOUNDARY NODES FOR PLO007920
1% BIAL,INC,35H DISAGREZBS WIld NUMBER ANTICIPATED ,I10,10(1H*)) 007949
1280 PCREAT (/////111 42HDIRICHLol BOUNDAEY NODES POR CONCENTRATION/11X007950

1,82118-)) - 007969
1290 POBMAT (11X,10 (1H*) ,42H DIALCHLET BOUNDARY NODE POR CONCENTRIATION,007970
1I4,39HDOBS NOT BEXIST - BXECULION TEIRAINATED ,10(18*)) 007380

130C POBREAT (140,35 (1H®*) ,59H 3U2Bsd OF TIRICHLET BOUNDASY NODES POP CONCO0799%
1ENTRATION RBAD,I10, 35H DISasRBES WITH HUMBEX ANTICIPATED ,I10,5(1008000
28%)) 008010
131C PORRAT (///V1X,19d4PINLTB ELSAENT CATA/11X, 19(18-)/11! 214TOTAL ¥UN008020
1BBR OP HODES,I19/11X,33HDIALHLET BOUNDARY NODES POR PLOW,I7/11X,2008032
278LXGRBES OF PREEDON 70R PLU4,I13/11X,34HDIRICHLET BOUHDAE! NODES 008040

3FCE CCHC, ,16/11X,28HC2GREES UP PREEDOX POR CONC.,112///) 008050
132¢ POF¥AT (181,/11X,404VECTOR u? KNOWS VALUBS POR CONCENTIATION/11X,3008069
10 (1E-)) - 008070
1350 FOREAT (/////11X,31BVZCTOR u¢ KNOWN VALOES POR H2AD/11Z,31(1H-)) ~ 00808C
1360 PCEPAT (1H0,//////11%,164TI45 STEEF NUNBER,I20/ 008090
1 11X, 175738 SIBP (JOURS), 1PE19.3/11X, 12EELAPSED TINE, sx.ipoonﬂﬂn
2819.3,68 HOORS,28X,1P519.3,54 NTNUTES/28X,1P219.3,8H SECONDS)
1270 PCEEAT (/,11X, 14RHIDEAULIC GsAD/11X, 14 (16-)) o\_,éo
1390 PCEPAT (/,/11X, 13HCONCEBNTRAZLON/11X,13 (1H=)) 008130
140C ECEMAT (/11X,118(1H%)) 008140
1410 PCFPAT (181) 008150
1420 PCSEAT (/////11%,10 (14%),414.XECUTION TERMINATED OF TINE-ELAPSED T008150
11331P812.4,64 HOUSS10(18%)) - 008170
1830 POREAT (////11X,10(14%) ,42HaiBCOUPTON TERSINATED OH TINE STEPS AT S008180
" 11BFINC, 10 (18s)) _ 008 19¢
1450 FCBEAT (8F10.0) : 008201
1450 POSPAT(1HO,///11X,218PARANGy R MULTIPLIERS /11X,21(1H-)/11X, 00821¢
16833808X, F15.5/11X, 6HAPNOBY, #15.5/11X,3HA5T,P18.5/11X,4BA P08, 00822

2717.5,11X ,6HABLONG, ?15.5/114,6HABTRAN,P15.5/11X,5HATHICK, P15.5/11X00823¢
3,581?311,116 5/11!,63&CORCI,115 5/11X,68PACTOR,?15.5/11X, 5HALEAK, 0082y’
121€6.5) 008 25¢(
BNL 00826¢
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60
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SOEFOUTINE VCAL ' k 00827¢C

) 008 28c

PUEEOSE = T0O CALCULATE VELOCLIIES AT ALL NODES AKD AN AVEBAGE 00829¢C
VELOCITY POR EACH ELENMENT, PRESSURE DERIVATIVES ARE - 00630¢

ALSO CALCULATED. 00831¢

SR ‘ TN A 008 3ac
coecsenscscscnacas coea Sesecccesscccase o= - cecccccas 008323
INEIICIT INTEGEER*2 (I-N) 008 34¢
CONMIOR /SCALARy 00835¢(
1k0CY, KoOC2, 'KCD3, KOD4, KODS, KOD6, KOD7, KODiY, KOD12, 008 36(
3KRE1, KNEBE2ST,KSTRT, KHBESI,KNB2 008138¢(
CCERQOR /DSCALR/ 00835¢(
1CE,LIFUSN ,ETRANS, ELONG, TCHEK,SRCL, n!LT,Vﬂl! coguoc
COB!OR /BAR!!/ goe41(
11E, LEC, 1K, KLE, KLERC i , ooBu2”
COEEOH /DARRAY/ 008463¢(
1s, Ce, CH, CcPE, CART, coWg, COBCI, COLD, VI, 00844 (

ivy, vix, VLY, F20BX, FMOBY, POR, ST, QP, SE, PE, DISPX, DISPY, 00845¢
2LIsEXY, PHI, P, FM, OLD, H, SRCLT, SRCR, SRCRT, PHII, Y, X, FQ, 008L6€(
3RT, CCEF, HZEEC, COER, DGX, <Y, Q, CFQ, THICK, ART, CCOEP 00847¢

CIBENSION S(125,66),P(125,33),8(125,33),CP(125,66) ,CR(125,66), ooeqsr
1PRI(150), OLD(150), CONC(15v),COLD(150),CFN(150), VI(12), VY(12), 00849/
2CCE (15) , LGX(12), DGY(12), >aCLT(16), SE(12,12), Q(16), PEB(12,%2) ,00850(
3CE(16), SRCR(12), SICIT(16), FPQ(150), Fu(150), CRT(150), : 00851¢(
WEHII(150) , FMOBX(91) , PROBY(¥1), LR(150), LRC(150), Y(150), 00852¢
SX(150), IN(13,91), RT(150), COEFP(S1), RZEEO(150), POR(91), ST (91) ,00853¢
6KLE (150) , KLRC(150), CONCI (150) , ELONG(91), ETRANS(91), CFQ(150), DOES&<

ATHICK (91) (ART (125) ,CCOEF (91) 00855¢(
DIEERSION IRD!(12)923(12) 00856¢(
-- - T --00857:

. 00858«
38112(502101 : » : , 00859(
I=C : 00860C.
L=l 00861(
N5I3E{6,200) L . ‘ . 00862(
Le 10 I=1,12 00863¢
VX (31)=0. 00864(¢
YY {I)=0. 00865¢(
H=IE(13,1) 00866(
ICCED=FPNOBX (L) /POR (L) 00867
YCCED=FNOEY (L) /POR (L) 00668
BCCUKI=0 - 00869
1=C . 0087¢
I=1+¢1 : 00871
IF (1.GT.8) GO TO &40 00872
IT=1, 00872
TI=1. 008 7u¢(
Ir (I. 39.1 OR.I.EQ.4) XI=-i, 00875(
Iy iz. EQQ o OR o IOEQOZ) TIe~-1. 6oe7e(
GC 20 70 00877¢
IF (IE(I,1).EQ.0) GO IO 110 00878¢(
IF (I,2%2.EQ.I) GO 70 50 00879(
IF (IN(I+1,Ll). EQ.O) GY I9 oL 00880¢(
CCEIINUE 0088 1(
XI=COE (I¢3) 0o8e2!
YI=COR(I+1) 006831
GC 10 70 00884!(
CCNIIKOE o, 00885
I2=1/2 - 00886!
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70

8c

90

11¢

13¢

170

21C
400

IIsCOR(12)

1I3C05(12-1)

CCHIINUR
SSEBERIREBEEBETEEIELEER LSS

CAL1 SHABMG.ADB.XIYT,2?,0DsL)
SR SAEEPER AR BB R SRR CEREREEEES S
!CCCUT=HCCUHT’1

2X=(,
5 £ 1%
J=C
Lo S0 Ks=1,8
J=J 1
I?P (Iu(J,1l).2Q.0) GO I0 30
J1=18{J,L)

COREUTE PRESSURE DERIVATIViS
EX=EX+DGX (K) *28 (J1)
RISEY+DGY (K) *P7N8 (J1)

COX1IBUE

IZCI(NCCUNT)=IN(I,L)

VY (SCCUNT)=-YCOND*EY

VX {BCCONT)=>-XCCHD*EX

CCHIINUE

I? (8.BQ.4.AND.I.EQ.4) GO Tu 130
I? (I.LT.12) GO TO 30

CoN1INDZ

WBIIB (6,220) (IBD!(I).VI(I) VY (I),I=1,8)
IF L.LT.¥B) GO TO 20

REIURY

PCREAT(///11X,16HPOINT VBLOCLTIBS/11X,16 (1H=-))
POBEAT( /11X, 7HELENEND,I8/114,3 (4HNODE,2X, 1181-CO!P0$ENT,21 114Y-
JCHECHNENT, 6X) )
22C PFOBEAT ((11X,3(I4,2X,1PE10.3,3X,1PE10.3,7X)))

$ 3.}

w;

- 0092C

00921
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20

30
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SUBFOUTINE MATGEN (I,Jd,L.X) - 00622
L

00823

PCEFOSE = TO GEMNEEATE ELEMEas MATEICES . 00524

’ 00625

pepsprprpserr T T TP PP L L2 DL IR Y LA T L AL I L AL I Il LI L L LYY 00926

INEIICIT INTEGER®*2 (I-N) T 00927

CCEROE /SCALAE/ 009214

1k0L%, KOLC2, KXoOoD3, KOD4, aODS, £KOD6, KOD7, KOD11, KOD12, 00929
2KCET3. KOﬁ‘“, KOD‘S' Iﬂ. n!, ’P' “B, KB’. K"B' 00930
3RNE1, KKE2ST,KSTRT, KEBESL,KRB2 00931
COrROK /DSCALRy ; 00932

1CEP,LIFUSN ,ETI3LNS,ELONG, TCHK,JECL.DBIT VEAX 00833
COBEOH /AREAY/ 00934

118, LRC, In, KLE, KLRC 00935
COEFON /DAREAY/ : 00936

1s, Cp, CH, CFEN, «RT, . COEC, CONCI, COLD, VI, 00937

1ivy, vLX, VLY, FMOBX, FNOBY, POR, ST, QP, SE, PE, DISPX, DISPY, -~ 00938
2DISEXY, PHI, P, F¥, OLD, K, o&CLT, SRCR, SRCET, PHII, Y, X, FQ, 00 35
35T, CCEF¥, HZERO, COR, DGX, wséY, Q, CFQ, THICK, ART, CCOEP 00940
DIBENSIOE S(125,66),P(125,33;,H(125,33),Cr(125,66),CL(125,66), 009k
1FHI (150), OLD(150), CJNC (15v),COLD(150) ,CEM¥(150), VI(12), ¥Y(12), 00942
2CCF(15), C6X(12), DGY(12), SaCLTI(16), SE(12,12), Q(16), PE(12,12) ,00943
3QP (16), SBCR(12), S3ICRT(16), PQ150), FPX(1S0), CET('50), 0054
4EBII(150) , FMOBX(91), FNIBY(31), LR(150), L®C(150), Y (150), - 00945
SX (150), IN(13,9%), RT(150), <OEBF(91), HZERO(150), POR(91), ST (1) ,009uL¢
6K15 1150), KLEC(350), CONCI(150), ELONG(S1), EIRANS(S1), CFPQ(15C), 00947

ATHICK (91) ,ART (125) ,CCOEF (31) - 00948
DATE E1/.347854845137454/,62/. 652145 154862546/ - 00949
o v ceeeecececean D et L TET

‘ 00951
B11=E 1481 4 00952
B1ZsH1*H2 , _ 00952
B22sH2%H2 00954
IF (NE.EQ.4) GO TO 30 00955
SECI=SRCLT (1) ¢SECLT (2) #SACLL (3) +SECLT (4) 0095€
SE (1,J)=Q (1) +Q (2) +Q (3) +Q (4) 00957
EE (1,J) =QF (1) +CP (2) +QP (3) +QF (4) 0055€
60 10° 50 0095¢

SE(I,J)=E118(0 (1) +Q(4) +Q(13) +Q(16)) +H 124 (Q(2) +Q(3) +Q(5) +Q (8) +Q (9) +0056¢C

1€ (12) +Q(18) +Q(15)) +822#% (Q (6) +Q (7) +C(10)+0 (11)) 0096
PE (1,3)=E11%(QP (1) +QP (4) ¢QE (13) +QP(16)) +H12% (QP (2) +QP (3) +QPF (5) +0P (0094:
18) +CP (3) ¢QP (12) +QP (14) #QP (15)) +H22% (QP (6) +QF (7) 4QP (10) +QP (11)) 0096.

G0 SECI=H11#% (SRCLT (1) +SECLT (4) ¢SRCLT (13) +SRCLT(16)) ¢+R12% (SRCLT (2) +SRCO096.

LT (3) ¢SECLT (5) ¢SAECLT (8) +SACL& (9) #S2CLT (12) ¢SRCLT (15) ¢ SRCLT (14) ) +H2003€"

22*(‘BCLT(E}+SBCLT(7)+SHCLT(IU)+SBCLT(11)) 0096
SC CCHIXNDE 096"
REICRY ) 009¢6:

' 0056

0097«

ERIEY SECOND(I) . 0097

IP (NE.EQ.4) GO TO 60 ' 0057:
SECE (I) =SRCRT (1) ¢SRCRT (2) ¢SACRT (3)+SECRT (4) 0097:

GC 10 70 o0st

60 SBCF(I)8511‘(SBCRT(1)053032[4)GSRCET(13)OSRCET(16))0812‘(S§CPT(2)00097‘

1°BCFT(3)0$RCRI(5)+$1C3!(8)#a¢CRT(9)*SBCRI(12)*SRCB”(15)05RCRT(1“))0097-

20322'(SSCET(G)*SECET(7)055632(10)GSRCBT(11)) 0087
70 CCEIINUE 0097
BEICRN ' 0087
oose

. 00ss



80
sC

108
110

120
120
140
150

EATFY THIED

9IT2 (5,130) L

NYZ23(8+7) /8%8=7

pc 50 X1=1,n82,8

K2a%1+7

CC €0 I=1,M

WRI1E (6,180) I, (SB(I,J),J=K1,K2)
WRITE (5, 120)

¥31I12 (6,150) 1

BA2= (N+7) s828=7

Lo 110 X1=1,442,8

K23K1+7

I7 (X1.EQ.NN2) K22

W3I1E (6,180) I, (PE(I,J),J=K1,K2)
REITIE (6,120)

FEBICAN

ECFEAT /)

PCEPAT (////,1CX,7RELENENT,I4,5X,168BSTIPPNESS NATRIX/)

FCHEAT (15,8E15.6)

PCEEAT (18 .9!,73312!3!1,1“,:!,1335?03‘63 BATRIX/)

ENL

00982
[T

So’

0098&¢
00987«
00988:
00989:
00990«
009911«
80992«
00993
00994
00995
00996!
00997
00998:
00999«
01000
01001
01002¢
01003

01004

- 01005
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1%0L1, KOL2, KOD3, KODY,
2KCL13, KCL14, KXCD1S, KN,

3KHE1, KEB2ST,KSTRT, KHBEST,KNBZ

SUEFQUTINE SBANC (N)

0tace€

.------C----------‘-----------------------------------------------01007

IBEIICIT IRTEGEE*2 (I-N)

INTEGER®L ¥
CONRON /SCALAR/

coeron sDSCALRy

1C!.£IFUSN,ETRLKS,ELOHG.?CEK.;RCL,DELT,VHlf

ccrroO¥ /RERLAY/

1lE, LEC, Iy, KLR,

COoReON /DAREAY/

1s, ce, CH, cen,
ivy, v1r, vLY, FMOBX, FNOBY, vOR, ST, QP, SE, PE, DISPX, DISPY,
2LISEXY, PEI, P, P, OLD, H, SRCLT, SRCR, SRCRT, PHII, Y, X, FQ,
3ET, CCEF, HZERC, COR, DGX, wveéY, Q, CFQ, THICKX, ART, CCOEF
CIMENSIOR S(125,66) ,P(125,33),H (125,33),CP{125,66) ,CH (125,66),

KOD11, KOD12,

CONCI, COLD,

01008
01009
01010
01011
01012
01013
G1014
01013
01016
01017
01018
01019
01020
61021
01022
01023

JEEX1150), OLD(150), CONC(15v),COLD(150) ,CPE(150), VX(12), VY (12), 01024
2COE(1S), LGX(12), DGY(12), SaCLI(16), SE(12,12), 0(16), PE(12,12),01025

3CP(16), SECR(12), SRCET (16), PQ(150), 7H(150), CRT(150),

GEBII(150), FMOBX(S1), PNOBY(31), LR(150), LRC(150), Y {150),
SX (150), IN(13,91), KT (150), <OEP(91), HZERO(150), POER(91), ST(91),0102¢
6KIE (150) , KLRC(150), CONCI(150), ELONG(91), ETRAKRS(S1), CPQ(150), 01023
&TBICK (91) ,ART (125) ,CCIEP (51)

10
30

40
sC
114

£C 20 I=1,8

J=I-KE¢1

IF ((I+1).1E.NE) J=1
SUE=EN (I)

Kix1-1

I? (J.GT.K1) GO TO 20
£O 10 K=J,K1

IIz1-Ke1
SUE=SUB=-S (K,II) *PHI (K)
EHI (I)=SUNsS (X, 1)
COBTINUE

DO €0 I1=1,¥

I=B=I1+1

JeIeNE-1

IP (J.GT.H) J=F
SOB=PEI (I)

K2=1+1

IF (K2.67.J) GO TO 50
LO 40 KsK2,J

EE=E=-141
SUB*SUN=-S (I,KK) *PEI (K)
PHI (I)wSUK*S (I, 1)
CONTINUE

BET(RE

ENL

01026
01027

0103C

=-=01031

01032

J0103:

01034
0103¢
0103¢
01037
0103¢
0103¢
01040
01041
01062
01042
01044
0104¢c
0104¢
0104
0108
0108
0105
010s
0105.
0105.
01 05¢
0105¢
0105¢
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10
2¢

30

80
50

60
70

SURFQUTING _EBAND (H,IZX) 01057

P cemeccecccccccccceccccceccccccccscrcamana 01058

INELIICIT IETBGER*Z (I=4) 01059
INTIGER®L ¥ ST
CCBEON /SCALAR/ : \Tﬁ/

1XCC1, KOD2, KOD3, KOD4, XOD5, KODS, KXOD7, KOD11, X0D12, 62
2KCL 13, XCL14, XOD1S5, uW, dB, uP, ¥B, ¥B1, X¥3B, 01063
3KMR1, KNB2ST,KSTRT, KNBESI,XNB2 01064
COB20N /DSCALR/ 01065
1C?,LIPUSY ,ETRANS, ELONG, TCHK, SRCL, DELT,VNAX 010566
COBION /ARRAY/ 01067
13, LRC, IV, KL2, KLRC 01068
CCEION ,sDARRAY/ 01069
18, ce, cH, cP4, CRT, CONC, COXNCI, coLD, VX, 01070

ivy, vix, VLY, PMOBX, PHI3Y, #OR, ST, QP, SB, PB, DISPX, DISPY, 01071
2DISExY, pHI, P, PY, OLD, H, SRCLT, SBCR, SBC2T, PHII, Y, X, 7Q, 01072
3aT, CCEP, HZERG, COR, DGX, wsY, Q, CPQ, THICK, ART, CCOEP 01072
CININSICH S(125,66) ,P(125,3.),8(125,33),CP(125,56) ,CH (125,68), 0107s
1PBI (150), OLD(?50), CONC(150),COLL(150),CP®(150), VvX(12), VY (12), 01075
2CCR(15), ©GX(12), DGY(12), 5iCLT(16), SB(12,12), Q(16), PE(12,12),0107¢
3CE(16), SECR(12), SRCRT(16), FPQ(150), FPM(150), C2T(150), 01077
4pBI1(150) , PACBX(91), PYOBI(I1), LR(150), L3C(150), Y (150), 01078
5% (120), I¥(13,91), XT(150), CORBRP(91), HZBRO(150), POR(91), ST (91),01079
SEL8(150) , KLRC(150), CONCI(130), BLONG(91), BTRANS(91), CPQ(150), 0108¢C

21TBICK (91) ,ART (125) ,CCOBF (91) 01081
- -———— =01082
1120 01083
LO %0 I=1,H : _ -01084
IFa5-1+1 : 01085
I® (48.17.IP) IP=NB 01086
Lo 20 J=1,IP o1¢
1Q=3B=J ; ,
I? ((I-1).17.1IQ) IQ=I- 9
S08sS(1,J) A \‘6/0
IP (IQ.LT.1) GO TO 20 01091
Lo 10 KX=1,IQ : 01092
1I=1-K ' : 01093
JZ=J+K 01094
SUR3SUN=S (II,K+1) *S (1I,J2) 01095
IF (J.NE.1) GO TO 40 01096
I? (SUM.LE.0.) GO TO 30 ' 01097
TENE=1./ SQBT(SUW) - 01098
3(1,3)=TE8P 01099
GO0 10 50 01100
WRIIR (6,60) I 01101
wun;,'(e, 70) %,¥8,1P,1Q,I,3,50M 01102
TRyt 01103
BRTLR 01104
S (1,J) *SUNSTENP 01105
COBTINUE . 01106
BBTCAS 01107
01108
PORMAT (1H1,10X,19HDBLND Pai.S AT ROW ,I8) 01109
POBNAT (180,615,E20.8) _ 01110
3.3+ . : 01111
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s ewtw v

SUBFOUTINE_SHAPE (L, ¥, XI, II, P, DET) 011120

m—..-;co-.. -----d---------------‘-------------------- ..... B ooseoe 01 1 1 301

IMEIICIT INTEGER®2 (I-N) feret 011140
CCHEEOB /SCALARY A e 011180
1KCL1, KOD2, KOD3I, KODQ, KoDS, £KOD6, KOD7, KOD11, KOD12, 011169
2KCL 13, KOL14, KOL1S, uwM, oE, NB, B, KB1Y, KRB, 011170
3KNE1, KKB2ST,KSTRT, KNBESIT,&NB2 . 011180
CCEEOK /DSCALZ/ g1119¢0
1CE,LIFUSN ,ETRANS,ELONG,TCHK,52CL,CELT,VMAX 011200
COEEON /RERAY/ 017210
1LE, LRC, IN, KLR, KLRC 011220
CCERON /DARRAY/ . , : 011230

1vY, vix, VLY, FMOBX, FMOBY, 20k, ST, QP, SE, PE, DIS2X, DISPIY, 011250
2DISEXY, PHI, P, PM, OLD, H, SRCLT, SRCR, SRCRT, PHII, Y, X, FOQ, 011260
3RT, CCEF, EZERC, COR, DGi, ouLY, Q, C¥Q, THICK, ART, CCOE® 011270

CIBENSICK S(125,66) ,P(125,34),B(125,33),CP(125,66),CH(125,66), 011280
1PHI (150), OLD(150), CIONC (159, ,COLD(150),CFN(150), VI(12), YY (12), 011290
2CCE415) , LGX(12), DGY(12), SaCLT(1€), 55(12 12), Q(16), PE(12,12),011300
3CE(16), SECR(12), SRCRT(16), FQ(150), FE (150), CRT(150), 011310
YEEXI(150) , FMOBX(91), P4OBX(#1), LR(150), LRC(150), Y (150), 011320
SX(1€0), IN(13,91), RI(150), SORP(S1), HZERO(150), POR(91), ST(91),011230
6KLE (150) , KLRC (150), COMCI(130), ELING(S1). ETRLUS(91), CFQ(150), 011349

ATHICK (91) ,ART (15) ,CCIEF (Y1) 011350
DINENSION ALP (&), DaAZ (%), DAY (4), BTX (4), BTY(“), 011360
1DBX (&), DPX(12), DBfY(12), EB(12), DBY (4) 011370
owacsecsvovcene - e escscecsssesccccas o= ] » mecces()t 3&9

) - 011390

II1=1,-XI : ~ 01140¢
TIZet.¢X1 | 011410
YI1=1,-71 | 011820
1I2=1,+YI . 011430
: . , 011480
COEBER EODE SEAPE FUNCTIONS, BASIC PART 011450
ALE (1)=,25¢XT1%YI1 ' . 01146C
ALR (2)=.25%X12+111 ' : 011472
ALE (3)=.25%X12%1]12 ’ 01146C
ALE (U)=,25%XT18YX2 B 01149¢C
LA (1)=~,25%111 01150<
CAX (2)=.25%Y11 ‘ ‘ 01151¢C
DAY {3)=,25%112 01152¢
CAY (4)=~,25¢212 : ' 01153¢
CAY (1)=~, 25%X1I1 - 01154r¢
DAY {2)=~, 25¢X12 01155
TAY (3)=.25¢X12 ' 01156!
DAY (4) =, 250XI1 ’ v 0115%¢
. ‘ ’ B 01158¢

CORJER NOLE SHAPE PUNCTIONS, SIDE~DEPENDENT PARYT 01159%¢
I012X1~-,5 01160¢
I0s==XI-,5 " : 01161¢
101=Y1~-,5 017621
1Q022-1I-.5 ' ‘ 01163¢
ICI=1,1258X1I¢XI~,625 01164«
 1C222,25¢11 . 01165
ICI=],1254YI%YI-,. 625 . 01166
1C2=2,25+11 o : - 01167
Jis1 . ‘ . . 01168
. J2=g N A . ’ 61169
Jist 01170

Do €0 J=1,2 - : : 01171



1¢

2¢

3c

40

L1 3

60

7€

ac

90

100

I? (IN(J3,L).EQ.0) GO T0 10
IP (I¥(J3+1,L1) .EQ.0) GO TO 4
6C 10 30 :
cosIINOE

BIX(J1) 3.5

BIX (J2) =. %

£RX (J1) =0.

$BX (J2) =0,

GG 10 40

CCNTINDE

BTX (J31)2XQ2

BIX (J2)=XC1

LBX W) 3-1,

DBX (J2)=1.

GG 10 40

CoONTIINUR

BT3 (J1)=XC1

BIX (J2) aXC1

DBX (J1) =2XC2

DEX (J2) 3XC2

CCEIINUE

J1s4

J2=3

J3a§

CONTINDE

J1=3

3223

REEY )

D0 100 J=1,2

IP (IN({J3,L).2Q.0) GO T0 &0
I? (I8(J3+1,1).EQ.0) GO TO 70
G0 10 80 :
CONIINUE

BTY(J1)=.5

BTY(J2) 2.5 ,
D3Y (J1) =0, i
DBY (J2) =0.

G0 10 90

CCHIINUE

BTY (91) =¥Q2

BTY 132) =1Q1

3: ) 5 1) =1,

DBY (J2) =1.

GO TQ 90 -

CoRIINOE’

BTY (J1)aTCY

237Y 132) =1C1

DBY (J1) =YC2

DBY (J2) =YC2

CONTIAUR

J1=1

J2=4

J3isN

CONIINUB

SHAFE PUNCTION DERIVATIVE NalRIX - CORMER NODES

Lo 110 J=1,4

DPX (J)=CAX (J) *(BTX (J) +3TY (J) ) +DBX (J) *ALP (J)

P(J)=ALP (J) *(BTX (J) +BIY(J))

-CPY(J)=DAY (3) ® (BTX (J) #+3TX (J) ) +DBY (J) *ALP(J)

011720¢C
01%7a¢
L
01"
01176uC
011775¢C
011780¢
011750¢
011809¢
011812¢
011820¢
011830¢
011840
011850¢
011860¢C
011870¢
011880¢
011890¢
011900¢
011910¢
011920¢
011939¢
011940¢
011950¢
011960¢
011970¢
011980¢
011990¢
012001¢
01~ - -
01
012w
012080¢
012050’
012060¢
012079¢
012080°¢
012099¢(
012100
012110
012120
012130
012140
012150
012150
012170.
012180«
012190
012200
012210
012220
012230,
012240
012250
012250
012270
0127

04

0,
OTzvfg



00

11C

12¢

13¢

140

1£0

160

17¢

180

19¢C

200

P X LR

COBTINUE

SHAEE PUNCTION DERIVATIVE da.RIX - EDGE BODﬁS

I? (M.EQ.H8) GO TO 240

J=4

TECs1.,~XI*XI

YEC=1 ., ~YI*YI

YET=1,=3.9X1

XE221.43. %11

1E 1‘1 0‘30 LD B4

TEZ=1,43,.911

IF (IN(5,1).EQ.0) GO TO 140

I? (IN(6,1).EQ.0) GO TO 120

GC 10 130

JaJe1

LI J)==-XI*111

CPY (J) =, S*XEQ

FlJI)=.S*XEQ*YIY

GC 10 140

J=J+1

DPX (J)=~.28925%YI1¢ (3. *IEQ#2.*II*XET)
DEY (3)=~=. 281259XEQSXE1
F(I)=,28125¢XEC*X21+YI ¢

Jad+1

DREX(J)=,268125%Y11* (3,.¢XEQ-2.%II*XE2)
DRFY (J)==.2B125%XEQ*XE2
P(J)=.268125¢XEC*XR2%Y1

IP (IR(7,1).EQ.0) GO IO 17

IPF (IN(B,1).EQ.0) GO TO 150

G0 10 160

J=Je¢1

DEX (J)=.5%TEQ

LPY(J)=-YI*XI2

P(J)=.59XI2¢YEQ

GO 10 170

J=J+1

DFX (J)=.287125%YEQ*YE1

DEY (J)=~,281258XI2% (3, $YEQ+L.*YI*YEY)
F(J)=.28125¢XT2*YRQ*YEY

JaJel .

DFX (J)=,28125¢TEQ*YE2
DRY(J)=,28125%XI2% (3. 5YEQ-2.*YI*YE2)
P(J)=,28125¢XI2%YEQ*Y22

I? (IN(9,1).EQ.0) GO IO 200

IF (IN(10,L).EQ.0) GO TO 130

GC 10 190

Judet " ,

DRX (J)==XIsY12

OPY(J)=.5%1EQ

F(J)=,5¢XEQ*YI2

GC 10 200

J=J+1
DPX(J)=,28125%Y12% {3, #XEQ=<.5XI*XE2)
DFYJ)=,2E1259XEQ*XE2
F(J)=.281259XEQsXE24TI2

JeJel

DEX (J) ==, 281258112% (3, *XBQes.*XI*XET)
F(J)=.28125¢XEQ*XE1*YI2
CEY(J)=.28125¢XEQ*XE

I? (IH(11,L).EQ.Q0) G2 TO 230

T et tw v e vs

012320¢
012330¢
0123480¢(
012350
01236n0¢
012370¢
012380«
0123950
012400¢
012810¢(
012420¢
012430¢
012440!
012450
012660¢(
012470¢
012480
0124901«
012500
012510
012520¢
012530«
0125401
012550«
012560
012570
012580
012550
012600
012610
01262¢C
012630
012660
012650
012660
012670
012680
012650
012700
012710
012720
012730
012780
012750
01276¢C
012770
012780
012790
012800
012810
012820
012830
012840
012850
012860
012870
012880
012890
012600
0129%¢C



D . ——— W - e

a10

228

23¢
240

250

256C

270

I? (IN('2,L).BQ.0) GO TO 2W

GQ 10 220

JaJ 1

CFX1J)3~.5%Y2Q

DFY{J)=-T1I*XI1

P(I)=.5XI1°12Q

GC 10 230

JaJ+1

CPI(J)=~.28125%YFQ* Y22
DFY(J)=3.281258X118 (3.3Y:Q~2,.+TI*YE2)
P(J)=2.28125%LT1#Y¥2Q*Y:2

J=J+1

DFX {J)=-,28125YRQ*YE]

DPY (J)3=.28125%XT1% (3, 3YEQec. *YI*YET)
P(J)=2.281258YEC*YEI»XT

COMNIINUR

CONTINUE

JACCBIAN '

S8 1=0.

508%a0.

5U83=C,

SOn4=0.

K=0

DG 250 I=1,N

. £3 22

IF (I¥(X,1l).2Q.0) GO TO 250
KI=11 (X,1)
SUN1=SON1+DPX (I) *X{KI)
SOEZ=SUN2+DPX (1) =Y (KI)
SOR3=SUA3+DPY (1) *X (KI)
SON4=SUM4 +DPY (I) =Y (KI)
CCNIINUR
DET=2SON1+30M4-SUN2*SUHS
DET1=1,/DET
C11=D2T1+50M4
C12=-0ET 13042
C21==DET1*30M3
C22=D2T1*5041

SHAERE PUNCTION DERIVATIVES - GLOBAL
DC 270 J=1,8

DGX (J)=C112DPX (J) +C12#DPY (J)

DGY (J)=C2 1*DPX (J) +C22¢DPY (J)
CCHIINUR :

23TTRE T

BND

012920¢
0129347
012940¢

01
0 .
o}ivfzc
012980¢
012990¢C
013000¢
013010¢
013020¢C
013030¢C
013040¢
013050¢
013060¢C
013070¢
013089¢
013090¢
013100¢
. 013110¢
013120¢
013130¢
013140¢
013150¢
013160¢
013170¢
013180¢
_ g13190¢
~013200¢
013210¢
013>

0 .
0 (
013250(

013260¢(
013270C
013280(
013290¢
013300¢
013310¢
013320¢
013330¢
013340¢
013350¢
013360¢(
013370¢
013380«
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10
2C

RS S I,

30
4C

5¢0

80
930

L4

SUBEOUTIAL SOLYE (KKK,C,R,¥n2, IHALF3,NAXNP,NAXBY)
DISENSTON C(MAXNP,NAXBW), 3 (daXNP) )
IBRE=IHALFB+1

I? (FKK.EQ.2 ) GO TO 50
3033NF-IHALPD
LC 20 ¥I=1,NU

PIVCTIaT, /c(n: IHBP)

NJI=3I+1

IE=IAEP

§Ka3I+IHALPB

DC 10 HL3¥J,¥K

18=18-1

13-C (NL,IB) *PIVOTI

C (¥1,1B)=1

JR=1B+1

XE=1B+IHALPB

1E=IHEP-IP

$O1C MBaJB,KB

HB=1B+AB

C (M1, BB) =C (ML, ¥B) +1*C (5T, ND)
CCNIINDE

3R250+1

SO=3NF-1

BE=3NP

IC 40 NI=33,30
PIVCTI=t./(C(NI,IHBR))
B3I=5I+1

IBa1REP

C -39 NL=NJ,NK

12=1B-1

A3=C (NL,IB) *PIVOTL
C(B1,IB)=1

JR=1B+1

KBa1B+IHALPB

1EaIBEP-IE

DG 30 AB=JB,KB

§B=1B+4D

C (51,88) =C(NL, ¥B) +1%C (8I,NB)
CCHIINOR

RET(2A

BO=XNE+)
IBAND=2*IBALPB 1

DC 70 83I=2,IHBF
IE=IHBR~%1I+1

8J=1 E?

SUN20.0 -

Lo €0 JB’IB.ISIL!B
50p=308+C (NI,JB) *3 (NJ)
BJ=EJ+1 -
B(KI)3R(NI) +SUN

18=1

NIsIAEP+*1

0O SO HI=NL,¥NP
B3=5I-1HBE+1

S0us0, -

DC €0 JB=IB,IHALPB
SUBa30N+C (NI,JB) *R(NJ)
HJ=EJ+1

R(BI)=2(¥I) +STN -

01369400
0137000
0137100
012" "0
01, '
013y+Cu
0137500
0137600
0137700
0137800
0137900
0138000
0138100
0138200
0138300
0138400

0138500

0138600
0138700
0138800
0138900
0139000
0139100
0139200
0139300
0139400
013950¢

. 0139690¢C

013970
013980¢
01 390»:!
0

0

o (1]
014030C
0145080C
014050C
018060C
014070¢
013080¢
0143090«
014109
015110
015120
01413n

014140

014150
0148160«
018170¢
014190t
0181901
0142001
014210«
014220
014230

014240

014250

o‘ u?' -

014,

¢ 10

"



C EAICK SCLVE

100
10

120
130

B {KE¥P)=R (NNP) /C(NNP,IHBP)
£C 110 Ip=2,IHEP
RI=§0-IB

HJsbl

BE=IHALPB+IB

su=0.

Co 10C JB=NL,ME

EJ=5J+1
SUE=SUNC (NI, JEB) *R (NJ)
R(HI)=(R(NI)-SUB)/C(BI,IEBE)
EE=]BAND :
L0 130 IB=NL,NNP

HI=sFU~-1IB

HJ=§I

sok=0,

.DO 12C JE=NL,MB

HI=EJ¢1
SUE=SUL+C (NI, JEB) *R (RJ)
R(BI)=(E (NI)-SUK)/C(BI,IHBE)
BETCERN

ENC

0142900
0143000
0163190
0143200
0143309
0143400
0143500
0143600
0143700
0183800
0163900
0t18400C
¢14410C
ot14420C
014430C
0148u0C

- 014450C

014460(
018470(
ot44u80¢
0t14490¢
014500¢
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10000

.lﬂ'

10

30

10

S50

€0

70

SURSOUTINE COGEY (JTEST,J,Ki,IT) 01151000

. 01452000

FUBFOSE - TO GENBRATE GLOBAL COBPPICIENT NATRICES POR PLOW o1urg A

18D CONCEBTBATION 014 '

014 uu

cecemenee -— Seeesccscccccccccncccacnncccsccanaaa==(145£000

INFIICIT INTEGE2%2 (I-N) 01457C00

INTEGER*4 N,KN,IT,JTEST 014580¢C0

CCBRON /SCALAR/ 01459000

1K0L1, KXob2, KOD3, XOD4, «£O0D3, KODS, KOD7, KOD11, KOD12, 014£0000
2K0C13, XOC14, KOD15, iW, 32, NP, ¥B, ¥B1,  KNB, 01461000
3XNB1, KKB2ST,XSTRT, KNB2ST,XNB2 01462000
CCNEON /DSCAL3/ 01463000

1C?, IIFUSN ,ETRANS,BLONG, TCHK, SRCL, L2LT, VNAX 01454000
CONRON /ABBAY/ 01465000

12, Lac, 1IN, KLR, KLRC 01466000
CONPON /DARRAY/ ' 01467000

13, cP, cH, crs, <¢ca?, COBC, CONCI, cOoLD, VX, 01468000
1vy, vix, VLY, FMOBX, PMOBY, 2OR, ST, QP, SB, PE, DISPX, DIS?Y, 01469000
2DISEXY, PHI, P, FM, OLD, H, 33CLT, SRCR, SRC3?, PHII, Y, X, PO, 01470000
3R?, COBP, HZE3C, COR, DGX, DsY, Q, CPQ, THICK, ART, CCOEP 01471000
DINENSION S (125,66),9(125,35),8(125,33),CP(125,66),CH (125,66), 01472000

1PHI (150), OLD(150) , CONC(15v),COLD(150),CPA(150), VX (12), VY (12), 01473009
2C08 115), LGX(12), DGY(12), SaCLT(16), SB(12,12), Q(158), PE(12,12),01474000
3CE(16), SRCR(12), S3CaT(16), FQ(150), Pu(150), CRT(150), 01475000
SEBII(150) , PMOBX(91), PBOBY(»1), L2 (150), LR’C(150), Y (150), 01476000
SX(150), I%(13,51), BT(150), COBF(S1), HZERO(150), PCR (31), ST (91),01377000
6K15¢150), XLRC(150), CONCI(150), BLONG(91), EBTRANS(91), CPQ(150), 01478000

ATRICK (91) ,AKT (125) ,CCOBF (31) 01473000
DINENSICN AG(S), P(12,19), PP(12), DX (12,16) ,DY(12,18), otagoer~n
1CETJ(16) ,JD (28) ,VKY (15) ,VRX (16) ,CPHI (16) ,CK(15) 014"
DIZENSION HK(16) 01“%3640
DATM AG/~.577350269183626, .577350269189626, -.861136311534053, 014 0

CAT (XII)=0

1-.339981043584856, .339981043584356, .861136311594053/ 0148400C
cememmeccanea= ——meemee - ceecmcecacaaa01485000
01886000
K110 . 01487000
I1aC ' 01488000
IF (JT2ST.EQ.0) GO TO 50 0188900¢C
£C 10 I=1,¥ 0149000¢
£C 10 J=1,38 0189100¢
?(1,3)=0. 0189200¢
8{I,J)=0, 0189300¢
CC 30 I=1,NN 01894800¢
IP (LB(I).GT.0) GO TO 30 0149500¢
II=II+1 0139600¢
BT (II)==PC(I) 01597000
CCHIINUE 0149800¢
I? (JIBST.EQ.1) GO TO 100 01893000
DC €0 I=1,KY 0150000¢
LO €0 J=1,KNB2ST 0150100C
CE(1,3)=0. 0150200¢
CB(1,3)=0. 0150300¢
DO SO I=1,¥¥ 0150400¢
IP (KIR(I).GT.0) GO TO 90 0150500¢
KITsKII+9 0150600¢
I? (CFQ(I)) 80,70,70 01507" -
CRT (KII) =-PQ(I) *CPQ(I) 01508
GC 10 90 01fr o

(
015 A¢
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aon

S¢
100

110

120
130

14<
15¢

1€0

17¢

792
793

1€C

CONIINOE
CCNTINUE

vaix=0.

1=0

I=1+¢1

!315(13,1)

Hp=g

I? (K.GT.HQ) !P’“
HEPZ=RE*NP

SHAFE PURCTIONS POR INTEGRALION POINTS
INTEIGEATION BY GAUSSIAE QUAJSATURE
2 I 2 RULE POR PULLY LINEAZ <LEMENTS
4X4 RCLE FOR ALL OTHER ELESLJTS

oC 150 I=1,NP

DG 150 J=1,KP

K= (I- 1) NE+J

IF (NP.EQ.8) GO TO 120

XI=1G (J)

1I=26 (I)

GO 10 130

II=1G (J+2)

YI=AG (I+2)

CCHIINUE

PSS E2I2E2ST 322323 SR R SRR EL 84

CALT SEAPE (1,#,YY;%2,PP,DER)
230885 SA LN VAREREES VS EESES

LC 180 JJ=1,n

? (33,K) =FF (JJ)

DX (3J,K) =LGX (JJ)

LY (3J,R)=DGY (JJ)

LETJ(K)=DET

CCEIINUE

CCPEUTE FLOW COEPPICIENT MaTaICES
K=C

DC 170 I=1,H

K=ge1

IP (IN(K,1).EQ.0) GO TO 160

JC (I) =IF (K,L)

CCETINUE

THE ABRBAY JD FOW COMNTAINS THc INCIDEHCES OF TEE ACTIVE NODES IX

ELERENT L.

IF (JTEST.EQ.0) GO TO 290

IF (COBF(L).EQ.0.) GO TO 793

L0 792 K=1,HP2

BK (K} =0,

pC 792 J=1,0

JLJI=JE (J)
HK(K)aﬂx(l)’?(J.K)‘HZBRO(JDJ)
CCHIIKCE

L0 19C I=1,H

Lo 190 J=1,0

DO 180 K=1,KP2

SHCIT (K) =COEF (L) *F (I,K) *F {J,K) *DETJ (K)
QE {K)=ST (1) *F (I,K) *F (J,K) *Di.J (K)

Q (K)= (FMOBX (L) *DX (I, K)‘D!(J,a)OPHOB!(L)‘D!(I K)‘DY(J,K))‘DE”J(K)

CCFIIKCE
2353059852400 2ENES

e we N owe

0151100
0151200
0151300
0151500
0151500
0151600
0151700
0151800
0151500
0152000
0152100
015220¢
0152300
0152400
015250C
015260¢C
0152700
015289C
015290¢C
0153000
015310C
015320
0153300
015340¢C
015350¢C
015360C
015370C

. 015380C

015390¢C
015400(C
015410¢
015820C
015430¢

- 015440C

015450C
015460¢C
015870¢C
015480C
015890¢C
015500¢
015510¢
015520

015530

015549
015550
015560
015570

015580«
015590¢(
015600(
015610¢
015620(
015630¢
0156401
015650¢(
015660«
015670«
015680¢
015630
015700



il e W @ — -

160

o0 o 0

an

190

22¢

230

280

23¢C

260

270
8¢
29¢

CA11l BATGEN (I,J,L,M)

' TTIIRZTTREET TR PY P
52(1,J)=SE(I,J)+52CL

LC 210 I=1,n

DC 200 x=1,4P2

SBCFT (K) =COEP (1) *HK (K) *P (I,K) *DETJI (K)
S90S SR BREE R

CAll SBCOND. (I)
SIPIBERERERIRE "

PIL11 LOWER HALPF OF SE AND P3 ABRAYS
DC 220 I=2,n

I1al=1

bC 220 J=1,I1

PE(I,J)=PE(J,I)

32(1,J)=S5%8(J,I)

PRINT ELEMENT NATIICES POR PLOW
I? (KCC1.3¥B.1) GO TO 230

WAITE (6,490)

sessESRES S

CAll IRIRL
2000808800

CORIINUE

ASSIMBLY OF GLOBAL COBPPICIANT MATRIX
Do 280 I=1,17

JTIsJL(I)

I? (L3(JDI).GT.0) GO TO 260
I8=JDI-LFC(JDI)

BT (IR)=ERT (IR) =SRCR(I)

ta 250 J=1,M

JTJ=JL (J)

I? (LBR(JDJ) .GT.0) GO TO 250
JC=2JDJ=1RC (JDJ) -IR*1

I? (JC.LE.BB) GO TO 240

WBI1E (6,560) L,JC,NB

GO 10 250

I? (JC.LT.1) GO TO 250
F(IB,JC)=F(IR,JC) #+PR(L,J)
B(15,JC)38(IR,JC) +3B(1,J)

IP (JC.GT.HB1) ¥BI1=JC

CCHIINUE

GO 10 280

CORIINUR

Lo 270 J=1, 8

JTI=IL (I}

I? (LB(JDJ).GT.0) GO TO 270
JC=JDJ=-LRC (JDJ) ’

BT (JC) =BT (JC) +S2(J,I) *PHII (JUI)
CONIINUE

CCBIINDE

CONIINUE .
I? (JTEST.EQ.1) GO TO 380

CONFUTZ CONCBNTRATION COBFPiICIBNT MATRICES

¥Y11=0.

v1Y=0,

1COKD=-FHOBX (L) /POR (L)
YCCED=-PNCBY (L) /POR (L) ]

ES

—
€ e

0157170C
0157200¢
0157300¢
018" "~
01

015v8tuc
0157700¢
0157800¢
0157900¢
0152000"
0158100¢
0158200¢
0158300¢
0158400¢
0158500¢
0153600¢
0158700¢
0158800¢
0158900¢
0159000¢
0159100¢
0159200¢
0159300¢
0159400¢
0159500¢
0159600¢
0159700¢

-0153800¢

0159900¢
0160000¢
01601F -
01¢

01 c
0160700C
0160500¢
0160600C
01607000
0160800¢
0160900¢C
016 1000¢
03161100
01561200:
0161300
01561400
0161500¢
01615600
0161700«
0161800¢
01613900¢
0162000¢
0162100¢
0162200¢
0162300¢
0162400C
0162500¢
0162500¢
0162700¢(
016287 -
01629
01/ 3

N
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291
ri-}s

292

723

724

3co

3

LC 292 K=1,HP2

VET (K)=0.

VKX (K) =0,

CK (K) =0,

CEHI (K)=0.

DC 291 J=1,01

JEJI=JL (J)

CK (K) =CK (K) ¢F {(J,K) *CFY (JDJ)
CEBI(K)=CERI (K) +F {(J,K) *F31 (JuJ)

VEX (K)=VKX (K) +XCORD*DL (J,K)*£NM (JDJI)
VEKY (K)=VKY (K) +XCOND*DY {J,K) *7K (JDJ)
VYLX=V1IX+VEKX (K)

VIY=VIT4VKY (K)

CCHIIEUE

YLY=V1Y/ (RP2*TEICK (L))

VLX=VIX/ (KP2%THICK (L))
vulx=lﬂlx1(7!lx'15$('ux),‘aal'Lt))
Lo 310 I=1,8

£¢ 310 J=1,1

DO 30C K=1,NP2
VISCEL=VEKI (K) *VKX (K)
VISCRL=VEY (K) *VKY(F)
VSCED=VXSCRD+VISQZD

I? (VSQED.¥E.0.) GO TO 723
DISEX=CIFUSN

DISEY=DIFUSH

DISEX1=0,

6C 1C 724

V=SCRT (VSQRD)

DI=ELORG (1) *Y

" CI=ETEANS (L) *V

DVI=VISQRL/VSQED
DVI=VYISQRL/VSQKD
DISEX=CL*LVX¢LT*DVY+DIPUSH
DISEY=DT*LVI¢+DL*LVY+DLIPUSH

DISEXY= (DL-DT) * (VKX (K) *VKY (K) /VSQ&D)

SECLIT (K) =C.

016310
016320
016330
016340
016350
016360
016370
016360
016337
016u00
016410
016420
01663C
016440
016450
016460
016470
016480
016490C
016500
016510
016520
016530
016540
016550
016560
016570
016580
016590
01660C
016610
016€20
016630

01664C

016650
016660
016670

IP (CCOEF(L) GT.0.) :HCLT(K)SCOEP(L)‘(CP&I(K)-HK(K))*?(I. K)*P (J,K)01€68°

1$LETJ (K)*0.5

QP (K) =POR (L) *TEICK (L) *F (I,K) *F (J,K) *DETJ(K)
Q(E)=((DISPX*DX(I,K)*DX (J,K) ¢DISPY*DY (I,K) *DY (J,K) ¢+DISPXY

01669¢C
01670¢C
01671¢

18 (LY (I,K) *DX (J,K) +DX(I,K)*DY (J, K))#(?KI(K)‘DI(J,K)*YK!(K)*D!(J K))01672‘

2%F (I,FK)) *EOR(L) ) *DETJ (K)

CONTIINUE

sssasses L

cALx SO TY)

PP YT T

SE(1,J)=SE(1,J) ¢SECL

LC 233€ Is1,2

I! {CCOEP (L) .LE.O0.) GO TO 337
312 K=1,5P2

SBCET(K)=°COEP(L)‘(HK(K)-CPn;(K))‘CCOE?(L)‘?(I.K)‘DBTJ(K)

‘..l““““‘,

Call SECOND(I)

S¢S EEL R RS

G0 70 336

- SRCE(I)=0. s
COSTIRUE

IF (KOD3.FKE.1) GO TO 320

01673
01674«
01675
01676
01677
01678¢(
01675(C
01680¢
01681¢
01682¢
01683¢
01684(
01685¢(
01686¢(
01687(
01688(
01689,
01690¢



ano o 0

36C
3¢
389

350
L1

4190
hac

PRINT ELEMEHT MATRICES POR CUNCENTRATION
I? (KCD3.N¥B.1) GO TO 320

WSIIE (6,500)

25048998 RS

CAll THIRD-
IITIT 21T 2

CCEIINDE

ASSINBLY OF GLOBAL COZFPICISST MATRIX
Dc 270 I=1,M

JEI=JT(I)

I? (KIB2(JLI).G1.0) GO TO 350
I3=3JDI-KLEC (JDI) .
CB!IIB)=CBT(IB)-SRCR(I)

BC 340 J=1,

JLJ=JdT (J)

IF (XIR(JLJ).GT.O) GO IO 340 -
JC3JDJI=KLEC (JDJ) -TIR+XNBEST

I? {(JC.LE.KND2ST) GO TO 330
WRITE (6,810) L,J3C,KNB2

S1CE

C3(1E,J3C) =CH(IZ,JC) +s2(I1,J)

CF (IR,JC) =CP(IR,JC)+?P2(I,J)

I? (JC.GT.KNR1) K¥B1=JC
CCHIINUE

GC 10 370

CCEIINUE

L0 360 J=1,n

JLJI=JD(J)

I? (K1R{JCJ).GT.Q) GO TO 360
JC=JTJ=KLRC (JDJ)

CBI (3C) =C3T (JC) +52(J,2 )*COHC;(JDI)
CCNIINTE

CCNIINDE

IP (L.LT.NE) GO TO 110

¥N2=35B1

RHECLI=XNE

KNP=KNB1-KNBEST+1
KSIFT=XNB25T-KNB1?
KNRZ232*KNB=1 .
I? (IT.LB.1) WRITRB (6,520) 53,KxNB
I? (JT23T7.EQ.Q) GO TO 330

I? (KOD2.8E.1) GO TO 430
W8IIB (6,5330)

WBITE (6,530)
HB2=(¥B49J710210-9

DO 400 Itst,lBZ.!o

K22R149°

I? (X1, BQ.IB?) K2=4B

Lo 390 I=1,3

WRIIE (6,%570) I,(B(I,J),J=K),K2)
H3ITIE (5,530)

¥3I1E (6,530)
NBZs(N3+9)/10*10-3

po 320 K1=1,482,10

K23R1+9

I? (K1.XQ.NDB2) K2=NB

cc 810 1=1,%

W5I1E (5,570) 1,{r(1,3),d=K1, KZ)
W3ITE (6, 550)

016920
0"‘10

o/

016960

016970

016980

01699¢C:
017000
017010«
017020«
017030«
017040¢
017050¢(
017060¢(
017070¢
017080¢
017090¢
017100¢
017110¢
017120¢
017130¢
017w0cC
017150(
017160C
017170C

. 017180¢C

01713%0¢C
017200C
01~ -
01,

0 0
0172400
0172500
0172600
0172700
0172800
0172900
0173000
017310¢
017320¢C
017330¢C
0173400
0173500
0173600
0173700
0173800
0173900
0174000¢
0174100¢
0174200«
0174300¢
0174800¢
0174500¢
0174600¢(
0174700¢
01748
0y

015\_,}(
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Wal1E (6,590) ' ' 017510

WEITE (6,600) (RT(I),I=1,N) 017520

4§30 IF (JTEST.EQ.1) GO IO 480 ; 017530
IF (KCD4.NE.1) GO TO 480 , 017549
W¥EITE (6,610) . : 017550
WEITE (6,620) SR ' 017560
NB2= (KREBZ+9) /10%10-9 e 017570

IC 450 K1=1,¥B2,10 01758¢C

. KZmBR1+49 017590
I? (K1.EQ.NB2)- K2=KNB2 017600

DO 440 I=1,KW : 01761C

440 WEITE (6,570) I, (CE(I,J¢+KS2ad) ,J=K1,K2) 017620
4sC WSITE (6,550) : 017630
WEITE (6,€30) : . 017640

Lo 47¢ x1=1,882,10 . 017650
E2=FK1+49 017660

IF (K1.EQ.NB2) K2=KNB2 : 017670

CC 460 I=1,KN 017680

460 WBITE (6, 510) I, (CP(I,J¢KSTas) ,JI=K1,K2) R 017690
47C WRITE (6,550) _ 017700
WEITE (6,590) 017710
WEITE (6,600) (CRT(I),I=1,Kk) 017720

480 CCHIINUE ‘ 017730
SETURN , 017740
017750

490 EOREAT (181,////11X,25HELBASsT MATERICES POR PLOW/11X,25(1H=)) 017760
500 FPOERAT (181,////11X,3¢HELE4c4T MATRICES ROR CONCENTRATION/11X,34 (1017770
18-)) . 017780
$10 FOESAT (1E0,10X,7HELEMENT,i%,5X,33BINSUPFICIENT BAND WIDTE - REQUIO177S0
18E,15,2X, 10BINSTEAD OP,15) ~ 017800
520 POEEAT (180,10ZX, L1HGLJBAL CO<PPICIENT MATSIX HALP BAND WIDTH/11X,€017810
fHECE ELOW :15/11:,115203 COav2HTRATION,I6) 017820
5301!05!AI (1a1 10X,36HGLOBAL CUOFFICIENT EATRICES FOR rLo=/11x,35(1a-o1;gso
)) 017680

S40 FOEEAT (180,10X,37EA COBFPICIENT MATRIX - UPEBER HALPBABD/11X,37 (1E017850
1=)/7) . 017860
£50 FCEe2T (//) 017870
560 FOEEAT (1E0,10X, 7aznnaznr.‘4 SX,38HINSUFPICIENT HALP-BAND WIDTE - 017880
1BECUIEE,I5,2X,T0HINSTEAD OF,.5) 017890
£70 FOBEZAT (15.10212.n) 017900
S80 FOREAT (1HO,10X,37HP COEFPICLENT MATRIX - OPPER unzraxuo/11x,31(1nglzg;c
1=)/7) ¢
5§90 FORPAT (/////7¢11%,20HF cozre‘cxznr BATEIX/11X,20 (1E=)//) 01793¢
6CC PCEEAT (11X,10E12.3) 01794(
51o1roszst (181,10X,37BGLOBAL CO-FFICIENT MATRICES FOR conc./11x,31(1ag:;gzt
=)) (

€20 POBBAT (VHO,10X,20EA COEBPPICL.ENT MATRIX/11X,20(1H=)//) 01797¢
63C FCEEAT (1BO0,10X,20HP COEPPICLENT MATRIX/11X,20(1H~=)//) g:;ggc
ENE . ¢



