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(ii)

SUMMARY

This report contains descriptions and listings of eight finite
element computer programs which are written in FORTRAN IV language
to simulate either Darcy or two-regime flow of groundwater towards a
pumped well. Included are instructions for assembling the input data
deck, sample input data for test problems and complete printouts of

computed results.

A,wide range of different aquifer conditions and well construct-
ions has been considered (e.g. single-layer or multi-layer aquifers,
confined or water table aquifers, fully or partially screened wells
with or without gravel packs and with one or more screened intervals).
"The flow can be either transient or steady state. Each program has
been designed to handle specific flow cases encountered in practice
with a minimum of input data and to operate with any consistent set

of units.

The programs have practical application in both aquifer test
evaluation and hydraulic design of pumped wells. Although written
specifically to handle groundwater flow problems, these programs can
readily be adapted to deal with flow of other types of incompressible
fluid towards a pumped well.
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1. INTRODUCTION

Well-flow problems of considerable complexity can now be
analysed with the aid of modern numerical techniques and digital
computers. Partial penetration, partial screening, gravel packing
and the occurrence of non-Darcy flow can all be taken intO'accdunF '
in steady or transient flow towards wells in single or multilayer,
confined or unconfined aquifers. Whether such an analysis is an
economic proposition depends largely on the savings which can be
made by refining well design, the cost of computing and the

complexity of the problem.

During the course of a research project into.the extraction”
of water from unconsolidated’sédiments.funded'byxthe'Australian
Water Resources Council, eight computer programs were developed.to.
allow the effects of various well and aquifer parameters on flow
near wells to be studied. These programs, written in FORTRAN IV
language, use the finite element method described in Reference 3
to solve a number of flow cases of interest to those engaged in-
well design or evaluation of local aquifer characteristics. The
presence of non-Darcy flow near the well can be taken intO'aécount
since the Forchheimer equation is used instead of the Darcy
equation for the velocity-hydraulic gradient relationship when
Darcy's law is violated near the well. The term "“two~regime flow™
(Reference 3) is used to denote flow which includes both Darcy. and

non-Darcy regimes.

The programs included in this report have been designed and
documented in such a way as to allow their use by personnel with a
limited knowledge of numerical methods and computer programming.
Documentation of the programs has followed as far as possible the
recommendations of the A.S.C.E. Subcommittee on Program Documentation
6f the Committee on Computer Applications of the Soil Mechanics and

Foundations Divisions (Reference 6).

Source decks can be made available if required. Comments on
any problems met in use or suggestions for improvements will be

welcomed by the author .. Updating of the programs will be carried



out in the light of such comments and suggestions. To date the
programs have been run successfully on IBM 360/50 and CDC 6600

computers for a wide range of values of well and aquifer variables.

It is hoped eventually to develop an Integrated Well-Aquifer

~ Solution System (IWASS) by integrating the single well programs, which
perform detailed analysis of flow towards individual wells, into a
number of additional programs which employ the finite element method

to analyse regional groundwater flow.



2. THEORETICAL BACKGROUND

2.1 DESCRIPTION OF FLOW PROBLEMS

The problems solved by the programs are those involving one-
dimensional and two-dimensional, axi-symmetric flow towards a pumped
well constructed in unconsolidated materials. The Forchheimer non-
linear velocity-hydraulic gradient relationship is used to describe
non-Darcy flow which may exist near the well screen whilst Darcy's law
is used to describe flow outside the non-Darcy zone. Derivation of
generalised field equations for three-dimensional flow are presented
in Reference 3, Chapter 2. The formation materials are assumed to be
isotropic  (Modification of the programs to deal with anisotropy is out-
1ined in Section 5). Both single and multi-layered formations are
considered. For a confined aquifer, the hydraulic parameters necessary
to define a transient, two-regime flow problem are the Forchheimer
coefficients (a, and b), the critical velocity ( Ver), coefficient of
hydraulic conductivity ( K ) and the coefficient of specific storage
(S ). For a water table aquifer, additional parameters required are
the coefficient of specific yield ( Sy ) and Boulton's reciprocal of the
delayed yield index (&« ). For an aquitard, where ?nly Darcy flow occurs,

' / 7 4

the hydraulic parameters are sg, Sy, K and « . However, if one
r

r
is concerned only with steady flow, the coefficients Sg ,Sy ,a, Sg, Sy

/
and o may be omitted.

- Apart from the material data, the following data are also necessary

for complete definition of the problem.

(i) Well characteristics which include radius of well
screen(s), length and position of each screen,
geometry of gravel pack and its material

properties if the well is gravel packed.

(ii) Formation geometry which includes thickness of
| each layer ( m ) and an external radius ( % )

for all layer(s).



(iii) Boundary conditions which include the pumping
condition of the well (constant head ( h,) or
constant discharge ( Q )), the flow condition
at the external radius (barrier boundary or
recharge boundary condition), and the flow

~condition at the top boundary of the system
(leaky or non-leaky boundary condition).

(iv) 1Initial condition which is the initial height

of the water table above the datum ( hy ).

2.2 FINITE ELEMENT METHOD OF SOLUTION

2.2.1 GENERAL DESCRIPTION OF THE METHOD

The programs employ the variational approach and finite
element method presented in Reference 3 to obtain numerical solutions
of the flow problems. The procedures adopted consist of first replac-
ing the initial-boundary value problem, described by the field
equations, initial and boundary conditions, by an equivalent variation-
al problem which is that of finding a hydraulic head function that
minimises a certain functional. Secondly, an approximate 'soiution is

then obtained as follows:

(i) The continuous region of the flow system is
discretised into a finite number of closed sub-
regions termed 'finite elements'". The finite elements
are assumed to be interconnected at a discrete number

of nodal points situated on their boundaries.

(ii) A piecewise function is chosen for each element. The
function defines uniquely the hydraulic head distrib-
ution within the element in terms of its nodal

parameters.

(iii) The functional over the entire flow region is assumed
to be contributed by each element and the process of
minimisation is accomplished by evaluating the
elemental contributions, adding all such contributioms,
differentiating the resulting functional with respect
to the nodal parameters and equating the differentials

to zero. This gives rise to a system of simultaneous



algebraic equations which can be readily solved

by direct elimination or iterative methods.

For steady flow problems, numerical sclutions are obtained in
terms of the nodal values of hydraulic head, element velocities (if
required) and the total discharge into the well. For transient flow
problems, solutions are obtained for each time step in terms of the
nodal values of hydraulic head, dimensionless nodal drawdowns and, if
required, element velocities.

»

2.2.2 AUTOMATIC MESH GENERATION SCHEMES

A number of schemes for automatic discretisation of one-
dimensional and two-dimensional flow regions are incorporated in the
programs to avoid the tedious preparation and checking of the mesh data
(nodal co-ordinates and node cdnnections of elements) by the user.
Input data required is thus reduced to the general problem data,
described previously in Section 2.1, and a few discretisation parameters.

The schemes are now described as follows:

(i) Discretisation of one-dimensional region

The region is divided into a number of line segments,
each of which is further subdivided into a number of
3-node quadratic elements. The length of the first
line segment and the number of elements for each
segment are to be specified by the user. The lengths
of the remaining line segments are generated from

Ar;, = <£xAr;_., , where { is a scale factor.
Nodal co-ordinates and element nodal connections can
be readily established once all the lengths have
been computed.



Discretisation of two-dimensional regions

Figure 1 shows the discretisation pattern generated

for a single aquifer with a fully penetrating well.

The region is divided into a number of vertical blocks,
each of which is further subdivided into a number of
triangular elements. The horizontal width of the

first block Ar ,-the number of vertical sub-
divisions of this block and the number of repeated
regular blocks before grading of the subdivision

takes placé are to be specified by the program user.

The widths of the remaining blocks are generated

from Ay = Ar_yxf » and the number of
vertical subdivisions in the next repeated blocks is
established by reducing the mumber in the previous

blocks by half or by one. Node numbering traverses
vertically across the aquifer from bottom to top.

For each vertical block, nodal co-ordinates and

node comnections of elements in the block are also
established.

Figure 2 shows the discretisation pattern for a single
aquifer with a partially penetrating well. The zone
immediately surrounding thé well is specially discretised
whilst the rest of the flow region is descretised in the
manner described above. .

Figure 3 shows the discretisation pattern for a multi-layer
system with a fully penetrating well. The entire region
is divided into a number of vertical blocks, each of which

is further split up into sub-blocks which belong to

separate layers. The sub-block in each layer is then

subdivided into rectangular or triangular elements. The

latter are used when grading is required.
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Fig. 2: Discretisation pattern for a single aquifer with a partially
penetrating well.
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Figure 4 shows the discretisation pattern for an

unconfined équifer with a fully penetrating well. To
accommodate the movement of the free surface, the

saturated flow region is divided into 2 zones, one where
the mesh is fixed and another where the mesh is allowed

to contract or expand. Each zone is then discretised

into triangular elements in the manner described previously.
~The two zones are merged into one at a radial distance

where the numbers of their vertical subdivisions are equal
to 2.
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3. PROGRAM DETAILS AND SAMPLE RUNS

3.1 DEFINITION OF INPUT AND OUTPUT VARIABLES

A 1ist of the programs and their functions is given in Table 0. All
programs are written in FORTRAN IV and are currently operational on an
IBM 360/50 machine with a G and H level compiler and on a CDC 6600 machine.
The core storage required by each of the one-dimensional flow programs
(STCON1 and TRCON1) is approximately 120K. The core storage required by

each of the remaining six two-dimensional flow programs is approximately
150K. '

For each program, more than one problem may be solved and any consist-
ent set of units may be used. (The units adopted in the sample runs are
Ft.-Min.). Optional printout of the numerical output is also included. Also,
if required, the user may insert his plotting subroutines to obtain graphical
outputs. Plotting subroutines written by the author are for the CALCOM

plotter which is currently used at the University of New South Wales.

3.1.1 INPUT VARIABLES

A list of the input variables is given in Table 1. The variables are
classified into nine groups and those appearing in each program are indicated
by an x-sign. In the program listings presented in Section 4, a brief
definition of all variables used is given in order of their presence in the
FORMAT statements. Wherever possible, recommended values are also included.

Full description of the variables are given below.

(i) Group 1: Variables common to all programs

'NPROB - denotes the number of problems to be solved by the programs.

IVEL is an index used to indicate whether the printout of
computed velocities is required. IVEL takes the value of
0 or 1. A value of IVEL = 0 will result in deletion of

the printout.

IDISCR is an index used to indicate whether the printout of
generated mesh data is required. IDISCR takes the value
of 0 or 1. A value of IDISCR = 0 will result in

deletion of the printout.
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" 'TABLE 0: LIST OF PROGRAMS

Program Name Function

STCON1 Solves steady, one-dimensional flow by

employing 3-node line elements

TRCON1 Solves transient, one-dimensional flow by

employing 3-node line elements.

STCON3 Solves steady, two-dimensional flow by

employing triangular elements

TRCON3 - Solves transient, two-dimensional flow by

employing triangular elements.

STCOND Solves steady, two-dimensional flow by

employing rectangular and trianglér elements.

TRCOND Solves transient, two-dimensional flow by

employing rectangular and triangular elements.

STFREE Solves steady, two-dimensional, free surface

flow by employing triangular elements.

TRFREE Solves transient, two-dimensional, free surface

flow by employing triangular elements.
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List of Input Variables for all Programs

Table 1
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Program

Input = s, = 2 = 2 7 5]
(9] B n £= w = (%) =
[ NLAYR x | x | x
5KL(I) X X X
Group 5 ﬁ BKL (1) X X X
VCRL(1) X X X
SSL(I) X X
\ THL(I) X X
' AGP X X X X X X
BGP X X X X X
EEEEB—E- VGP X X X X X
SSP X
THGP b'd X X X b'd X X
| BTGP X b X
[ NELF
FRLEN X X X X X
SCFAC X X X X X
XLMAX X X b'¢ b4 X
Group 7 ¢ 1ReG X X X
NMIN X X X
IREGL(I)
NMINL (1)
L NFRL(I) X X X
[ NDSC X X X X X X
NSCREN X X X X X X
Group & { XSCR(I) * * * ) ) *
e HSCR(I) X X X X X X
i IPENTR X
| NTICR X X X X
ITST X X X
Group 9 \ TracT X X x
- TMUL X X X
L DTMUL b e X X X




ORELAX

HTOL

(ii)
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is an over-relaxation factor to be used in the iterative
solution of a system of non-linear algebraic equations.
For fast convergence, a value of ORELAX between 1.50 and

1.85 is recommended.

is the radius of the well screen, which may or may not be

the same as the radius of well casing.

denotes the external radius of the flow system. At this

radius, it is assumed in all steady flow programs (STCONI,
STCON3, STCOND and STFREE) that the system is intercepted
by a rechargevsource, and that the hydraulic head of this

source is unaffected by pumping.

denotes the hydraulic head at the external radius RO. In
transient flow programs, HO also denotes the initial head

in the flow system.

is a tolerance for successive iterations on head values.
A head tolerance of 0.10 ft. or a few percent of well
drawdown usually gives satisfactory results within 4 or 5
iterations. "~ As the solution scheme employed in the -
programs is an efficient combination of the over-relaxation
and Gauss elimination schemes, a more refined value of
HTOL usually does not involve a significant increase in the

number of iterations.

Group 2: Variables relating to boundary conditions

at the well

In all the transient flow programs, the prescribed discharge

boundary condition at the well is simulated. The effect of well

storage may be taken into account or neglected. In all the steady

flow programs,except STCON1, the prescribed head condition is

simulated.

In the program STCON1, either the prescribed discharge

or prescribed head condition may be simulated.
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|Z

denotes the prescribed hydraulic head at the well. HW
does not include screen losses and other losses due to

flow into or inside the well.

QFIX denotes the prescribed discharge into the well.

RCSNG denotes the radius of well casing.

QRTOL is the prescribed discharge tolerance to be used in the

iteration for correct well discharge. Due to the fact
that the hydraulic head or well drawdown corresponds to

a given value of discharge is unknown a priori, the
condition of prescribed well discharge has to be satisfied

by trial and error.

(iii) Group 3: Index variables

TIAQTA is an index used to indicate whether the pumped aquifer is

overlain by an aquitard. IAQTA takes the value of either
0 or 1. A value of TAQTA = 1 is used if the aquifer is
overlain by an aquitard whose hydraulic head at the top
boundary is unaffected by pumping. (i.e. Hantush-Jacob
aquifer-aquitard system). A value of IAQTA = 0 is used
for a single aquifer confined by impermeable strata. When
IAQTA = 1, solution for the aquifer-aquitard system is
obtained on the assumption that flow in the aquitard layer

is vertically downward towards the top of the aquifer.

IGP is an index used to indicate whether the well is gravel
packed. IGP = 1 for gravel packed wells. IGP = 0 for

non-gravel packed wells.

"IBOUND is an index used to indicate whether an impermeable barrier
boundary or a recharge boundary is present at the external
radius. IBOUND is used only in transient flow programs.

its value is 1 for a recharge boundary and 0 for a barrier

boundary.



IWBC

TKMAX

TWAT

NSTEP
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is an index used in transient programs and steady flow
programs STCON1 to indicate the type of boundary condition
prevailing at the well. When used in the transient floﬁ
programs, IWBC = 1 indicates the prescribed discharge
condition with well storage whilst IWBC = 0 also indicates
the prescribed discharge condition but without well storage.
When used in STCON1, IWBC = 1 indicates the prescribed

discharge condition whilst IWBC = 0 indicates prescribed head.

is an index which appears in programs TRCON3, STCOND and
TRCOND, which are capable of solving more complex problems
involving flow in multi-layer systems. IKMAX is used to
indicate the layer of maximum permeability. Its value
corresponds to the layer number of the most permeable layer,
(Each layer is numbered starting from bottom to top of the
flow system).

is an index used in programs TRCON3 an&'TRCOND to indicate
whether the top layer is confined or unconfined. IWAT =1
indicates an unconfined'flow»system'whilst IWAT = 0
indicates a confined flow system. When IWAT = 1, an
assumption of constant saturate&'tﬁitkness for the top layer

is made in obtaining the numerical solution.

is an-index used only in the free surface flow programs
(STFREE and TRFREE) to indicate whether a seepage face
exists at the well boundary. (The seepage face will exist
if the water level in the well lies below the top of the
well screen.) NSTEP = 2 indicates that the seepage face is
present and a two-step iterative procedure is to be
employed to obtain the correct free surface. NSTEP =1
indicates that the seepage face does not exist and a one-
step iterative procedure is to be employed. Detail on

the one-step and two-step iteration procedures for correct -

free surface is given in Reference 3.
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(iv) Group 4: Input Data on the Hydraulic Properties

of an Aquifer and Aquitard

AK corresponds to the Forchheimer linear coefficient, a

BK corresponds to the Forchheimer non-linear coefficient, b
If wholly Darcy flow is to be simulated the value of BK
should be set to zero and AK should be equal to 1/PM,
where PM denotes the hydraulic conductivity of the

aquifer.

VCR corresponds to V,, , which denotes a critical velocity

where non-Darcy flow commences.

TH corresponds to m , which denotes the initial saturated
thickness of a confined or an unconfined aquifer.

SS corresponds to S > which denotes the coefficient of
specific storage of a confined or an unconfined aquifer.

SY corresponds to Sy which denotes the coefficient of
specific yield of an unconfined aquifer or the top layer
of a multi-layer flow system.

DINDEX corresponds to « , which denotes the reciprocal of
Boulton's delayed yield index of an unconfined aquifer or
the top layer of a multi-layer flow system.

/ . .
“THA - corresponds to m , which denotes the thickness of an over-
lying aquitard of the Hantush-Jacob flow system.

‘PA corresponds to _f’ , which denotesvthe'coefficient of

hydraulic conductivity of the overlying aquitard.
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NLAYR

AKL(I)
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THL (1)
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Group 5: Input Data con Hydraulic Properties of

a Multi-layer flow System

is the number of layers. The value of NLAYR is not to

exceed 3 in the current version of programs TRCON3, STCOND
and TRCOND.

is the linear Forchheimer coefficient of layer number I.

is the non-linear Forchheimer coefficient of layer number I.
If wholly Darcy flow is to be simulated, BKL(I) should be
set to zero, and AKL(I) = 1/PML(I), where PML(I) denotes the

hydraulic conductivity of layer I.
is the critical flow velocity of layer number I.

is the specific storage of layer number I.

is the thickness of layer number I.

(vi) Group 6: - Input Data on Hydraulic Properties and

AGP

BGP

VGP
SSP

THGP

Geometry of Gravel Pack

is the linear Forchheimer coefficient of gravel pack

material.

is the non-linear Forchheimer coefficient of gravel pack

material.
is the critical flow velocity of gravel pack material.

is the specific storage of gravel pack material.

'js the thickness of gravel pack annulus.



BTGP
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is the height of the base of gravel pack above the bottom
of the flow system.

(vii) Group 7: Input Data required for Mesh Generation

Figure 5 shows diagrammatic sketches of the discretised, one-

dimensional and two-dimensional flow regions for a single layer system.

The subdivision of the regions into finite elements is also illustrated.

Figure 6 shows a diagrammatic sketch of the discretised region for a

multi-layer system. All of the input variables in group 7 are depicted

in both figures.

NELF

SCFAC

IREG-1

NMIN

IREGL (1)-1

NMINL (1)

These variables are defined as follows:

is the mumber of 3-node,one-dimensional elements in the

first subregion.
is the length of the first subregion or first vertical block.

is the scale factor used in generating the lengths of the

remaining subregions.

is the maximum horizontal width of the block. XIMAX is
specified to avoid ill-conditioned triangular or rectangular

elements.

is the number of repeated regular blocks with the same

number of nodes on its left and right vertical lines.
is the minimum number of nodes on a vertical line. (NMIN > 2 )

is the number of repeated regular blocks with the same

number of nodes on the left and right vertical lines across

layer 1.

is the minimum number of nodes along a vertical line across

layer 1.
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_p)r

(i) Subdivision of one-dimensional region into subregions.

Repeated Vertical Blocks

Y

Y

el - -l ol ole
Par T ar, T Arg A, T Ar T AT,

(ii) Subdivision of region into subregions

FRLEN = 4rg

Ar; = arj 1 *SCFAC

Arg &  XLMAX

(iii) Subdivision of subregion into triangular elements

IREG-1 = 2
NMIN = 2

Fig. 5:
single layer system.

Discretised One- and Two-dimensional flow regions for a
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Layer 2

Layer 1
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(i) Subdivision of region into vertical blocks
FRLEN Ary
Arj = arj.1 *SCFAC
Arg < XLMAX

(ii) Subdivision of each block into elements

TLayer 1
IREGL (1)-1 = 2
NMIN L(1) = 2
NFRL (1) = 93
Layer 2
IREGL(2)-1 = 3
NMINL(2) = 3
NFRL (2) = 4

Fig. 6: Discretised two-dimensional flow regions for a multi-layer

system.

-
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|

IPENTR = 0
HSCR(2)

4 NSCREN = 2
(—\ NDSC = 6
[ |
‘ .
|

L

XSCR() HSCR(1)

Y

(] -_—
TxXScR(1)
4

- [
LAV AV v ard VA A A A a4 VA AV AV A A A e A A A e e

Base of flow system

Z
A
/////z’/'/I el L b L L LSS LS s S L S S L
k |
: NSCREN = 1
HSCR(1) | NDSC = 6
| : IPENTR = 1
v L
L 7T
XSCR(1)
r

LA AV A A A v A A A R A L e A A e A e A A e A A A

(For partially penetrating case NDSC must be an even number.)

Fig. 7: .Boundaries of fully and partially penetrating wells
showing screen details.
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is the number of nodes on the portion of well boundary

which penetrates layer I.

(viii) Group 8: Input Data on Well Screens

Figure 7 shows a diagrammatic sketch of a fully penetrating

but partially screened well and a sketch of a partially penetrating well.

All input variables of this group are also depicted in the figure.

NDSC
NSCREN

XSCR(1)

HSCR(I)

IPENTR

(ix)

~ NTICR

“ITST

The variables are fullydescribed as follows:
is the total number of nodes on well screen(s).
is the number of screened intervals.

is the height of screen number I above the bottom of the flow

system.
is the length of screen number I.

is the penetration index. For a fully penetrating well,
IPENTR = 0. For a partially penetrating well IPENTR = 1.

‘ Group 9: Input Data on Time Discretisation

is the number of time steps.

is the starting time step number where the solution starts.
If the solution starts from the initial time thenithe"
hydraulic head in the system is equal to HO) ITST is equal
to 1. If the solution does not start from this initial
time, ITST should be set equal to an appropriate time step
number IT, which is greater than or equal to 2. In such a
case, additional input data on nodal values of the
hydraulic head and flux at the time corresponding to that

step number is also required. (For detailed information,

see Section 5.3).



TFACTR

TMUL

DTMUL
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is the dimensionless ume of thé’fizéz;;ime step.

TFACTR is computed from the real time value as follows:

Let At be the real time value of the starting time step.
TFACTR = 4At1</(r255)

where K and S are the hydraulic conductivity and
specific storage of the single aquifer or the most
permeable layer of a multi-layer system, and r is equal
to Yo + 2.

is the time multiplier to be used in generating the remaining
time steps. A value of TMUL between 1.40 and 2.00 is

recommended.

is the increment of the time multiplier. A value of DTMUL

between 0 and 0.02 is recommended.

-

3.1.2 OUTPUT VARIABLES

Table 2 lists the variables which are printed out for each flow

problem solved. These variables are classified into 5 different groups.

The printout of the variables which belong to groups 1 and 4 may be

omitted by specifying IDISCR and IVEL as zero respectively.

(i) Group 1: Generated discretisation data

~ NNODE

NELEM

is the total number of nodes in the finite element network.
For the one-dimensional programs STCON1 and TRCON1, NNODE
must not exceed 200. For the remaining two-dimensional
programs, NNODE must not exceed 300. To cater for larger
values of NNODE, the COMMON blocks have to be extended as

described ih Section 5.

is the total number of elements in the network. For the one-
dimensional programs, NELEM must not exceed 150. For the
remaining two-dimensional programs, NELEM must not exceed 500
in programs STCON3, TRCON3, STFREE and TRFREE and 200 in
programs STCOND and TRCOND.



Table 2 : Listing of Output Variables

OutEut

Variables

Program

STCON3
STCOND

TRCOND

STFREE

TRFREE

Group 1

NNODE
NELEM
X(I,J)
NOD(K,L)
NREP (K)
IPROP(K)
LEN

JBD (M)
DISP (M)

w s | STCONI

w s | TRCON1
s s s s | TRCON3

MW M MWK

5
MM MMM M R M N

LT T B S

LT A T T o

I T R A

Group 2

™M

»

»

™

. GrouE 3

H(I)
TLESS (1)
HLESS (I)
ITI
EMAX
PARAM
RVEC(N)
HF (N)

LT < T T B

MooboM MK
I I R

T T T T B
»

LI I T T T

LT T < B T

T T T o

L T T T

Group 4

VEL(KX)

- VCOMP1

VCOMP2
VMEAN (I ,J
IDARCY (K)

™
¥
o

]

]

M

GrouE 5

1Q

SW
QAQFR
QSTRGE
QCALL

QRDIF
QWB (J)
QSUM

LT T T R T
LI

Moo M M MM

oMM K KM
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X(1,J) is a matrix containing the nodal co-ordinates. Its first
subscript I ranges from 1 to NNODE. Its second subscript

J ranges from 1 to 2.

NOD(K,L) is a matrix containing information about the nodal connections
of all elements in the network. Its first subscript K
ranges from 1 to NELEM. 1Its second subscript L ranges from

1 to the number of nodes belonging to each element.

NREP (K) is a vector containing information about the repetition of
element geometry (shape and size). Its subscript ranges
from 1 to NELEM. The information contained in NREP is useful
in generating element matrices as significant computational
effort can be saved by generating only the matrices for

elements of different geometry.

IPROP (K) is a vector containing information about the type of
material for each element. (e.g. if an element K lies in
layer 1, IPROP(K) is equal to 1. If the element lies in
the gravel pack zone IPROP(K) = 0). The subscript K of
IPROP ranges from 1 to NELEM.

LEN is the length of the gross vector which contains the
coefficients in each row of the gross matrix, formed by
assembling all elements in the network. The maximum
value of LEN must not exceed 2000. To cater for larger
values require an extension of certain COMMON blocks in the

programs.

JBD (M) is a vector containing the node numbers of certain nodes
in the network at which the head values are known or

prescribed. Subscript M ranges from 1 to the total number

of such nodes.

DISP (M) is a vector containing the prescribed values.
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(ii) Group 2: Generated time step data

IT is the time step number.

TMM is the real time value at the mid-point of time step IT.

™ is the real time value at the end of time step IT.

(iii) Group 3: Nodal head values and related Solution
‘Parameters

H(I) is a vector containing the values of hydraulic head at
various nodes in the network. Its subscript I ranges from
1 to NNODE.

TLESS(I) is a vector containing the values of dimensionless radius
or dimensionless time for various nodes in the network.
For steady flow programs, TLESS(I) corresponds to
1 = r/r, . For transient flow programs, TLESS(I)
corresponds to 1/u = 4Kt/@?ss

HLESS(I) is a vector containing the values of dimensionless-
drawdown for various nodes in the network. For steady
flow programs, HLESS(I) corresponds to W(u) = zﬁ}<n1%/g_
For transient flow programs, HLESS(I) corresponds to
W)y = 4MKms/Q

111 is the number of iterations required for fimal solution
of the system of non-linear algebraic equations.

EMAX is the maximum error in head values.

PARAM is a non-linear parameter for the type curves obtained

by plotting HLESS(I) versus TLESS(I). PARAM corresponds
to A , which is calculated from A = bQK/2llmy
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RVEC(N) is a vector containing the radial co-ordinates of the
nodes situated on the top of the flow system. Subscript N
ranges from 1 to the total number of such nodes.

HF (N) is the Z-co-ordinates of the top boundary nodes.

(iv) Group 4: Calculated element and nodal velocities

VEL (K) is a vector containing values of absolute velocities at the
centroids of the elements. Subscript K of VEL ranges
from 1 to NELEM.

VCOMP1 is a radial component of an element velocity.
VCOMP2 is a vertical component of an element velocity.

VMEAN(I,J) is a matrix containing values of nodal velocities. Its
subscript I ranges from 1 to NNODE and subscript J ranges
from 1 to 2. J = 1 refers to the radial component while

J = 2 refers to the vertical component.

IDARCY(K) is an index vector used to indicate the type of flow
' (Darcy or non-Darcy) occuring within a particular element.
IDARCY(K) = 1 indicates that non-Darcy flow occurs within
element K whilst IDARCY(K) = O indicates that Darcy flow

occurs.

1Q is the discharge iteration number.

is the drawdown at the well,

|2



QAQFR

QSTRGE

'QCALL

QRDIF

QBE)

QSUM

29,

is the discharge from aquifer{s) into the well.
is the discharge from well storage. QSTRGE may be
significant for large diameter wells, particularly at

early times.

is the calculated well discharge, which is the sum of

'QAQFR and QSTRGE.

is the absolute value of the difference between QCALL and

the prescribed well discharge, QFIX.

is a vector containing values of the nodal discharges from
aquifer into well. Subscript J ranges from 1 to the total

number of nodes on well screen(s).

-

is the steady discharge from aquifer(s) into well. It

is computed from

QSUM = > QWB(J)
J
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3.2  STCON1 - PROGRAM FOR SOLVING STEADY, ONE-DIMENSIONAL FLOW

The program STCON1 is used to analyse steady, one-dimensional
Darcy or two-regime flow. It can handle the situations involving radial
flow in a single confined aquifer or a two-layer system consisting of
a confined aquifer overlain by a water table aquitard. For this latter

system, the assumptions of vertical flow in the aquitard and constant

saturated thickness are made.

To save labour and prevent errors in the prepafation of input
data, a form for direct keypunching of data cards is presented in
Figure 8. The input sequence and data formats are clearly specified.
The first card is the specification card which specifies the number of
problems to be solved and whether optional printout is required. The.

remaining cards are data cards for each problem.

Completed form for a sample run is shown in Figure 9. Two
problems were solved by the program. The first problem involves one-
dimensional two-regime flow in a confined aquifer. The second involves
flow in an aquifer-aquitard system. For both problems, the well is
fully screened through the aquifer and non-gravel packed and HO is taken
as the datum in measuring the hydraulic head (i.e. HO = 0.0). Numerical
output is shown on pages 35 to 38. The output consists of a
reformatted playback of the general input data and three tables of

results which are described in the following manner.

The first table lists the nodal co-ordinates, head values and nodal
r/2m
ho~-h )

i

valués of Rho- and Tzi~- co-ordinates which are defined as f

and ¥ = s/s, , where s denotes the nodal drawdowns ( s

i

and s, denotes the drawdown at the well.

The second table lists the node numbers and nodal velocities which
are obtained by averaging the element velocities. The discharge into

the well is also given in the table.
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The last table lists the node numbers, radial co-ordinates and

nodal values of the well function, W(u) = 2TKms/Q , and its

argument, 1/u = r/n . From this table, a type curve for steady,

one-dimensional flow may be obtained by plotting W(u) versus 1/u

The non-linear parameter of the tupe curve, A , is also given in the

table. A was calculated from A = bQK/27Tmy,



FIGURE 8: INPUT DATA FORM FOR STCON1
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COMPUTER DATA SHEET PROGRAM STCON1

Steady, one-dimensional flow

.............

............

Specification Card

NPROB IVEL IDISCR ORELAX

i 1 l x

-

Problem Data Cards

(3110, F10.2)

RW RO HO TH HTOL
L | I | [ ]

AK BK VCR
L [ [ ] (3F10.3)

~ IGP  IAQTA TWBC |

L I | 1 (3110)

AGP BGP VGP THGP

T ] (4F10.3)

1 |
_ (Omit this card if IGP = 0)

~ PA ~ THA
[ | ] (F10.4, F10.2)
(Omit this card if IAQTA = 0)

-
[ ] (F10.2)

(Omit this card if IWBC = 0)
. QFIX .

L ] - (F10.2)

(Omit this card if IWBC = 1)

NELF SCFAC FRLEN

L | | ] (110, 2F10.2)

(5F10.2)




FIGURE 9: COMPLETED FORM FOR 2 SAMPLE PROBLEMS
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COMPUTER DATA SHEET PROGRAM STCON1 By P. Huyakorn
Steady, one-dimensional flow Date 14/12/73
Specification Card
NPROB IVEL IDISCR ORELAX
| 2 1 | 0 ] 1.50 | (3110, F10.2)
Problem Data Cards
RW RO HO TH HTOL
| 1.00 | 1000.00 | o0.00 | 50.00 | 0.20 | (5F10.2)
AK . BK VR
[ 10.000 [ 20.000 | 0.060 | (3F10.3)
IGP IAQTA IWBC
{ 0 0 ] 0 ] (3110)
AGP BGP . VGP THGP
[ [ I 1 ] (4F10.3)
(Omit this card if IGP = 0)
PA THA
[ ] (F10.4, F10.2)
(Omit this card if IAQTA = 0)
HW
[ (F10.2)
(Omit this card if IWBC = 0)
QFIX
[ 100.00 ) (F10.2)
(Omit this card if IWBC = 1)
NELF SCFAC FRLEN
L2 ~2.00 | o0.50 | (110, 2F10.2)
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.............

COMPUTER DATA SHEET PROGRAM STCON1 By P. Huyakorn

Steady, one-dimensional flow Date 14/12/73

Specification Card

NPROB IVEL IDISCR ORELAX .
il | . 1 ] 1 (3110, F10.2)

Problem Data Cards

RW RO HO TH HTOL
L 0.50 | 1000.00 | 0.00 | 50.00 [ 0.20 | (5F10.2)
AK BK VCR
[_10.000 [ 20.000 | o.060 ] (3F10.3)
. IGP IAQTA IWBC ,
Lo 1 [ © - (3110)
AGP BGP VGP THGP
L [ 1 l ] (4F10.3)
~ (Omit this card if IGP = 0)
PA THA
[0.0010 [ 50.00. ] (F10.4, F10.2)

(Omit this card if IAQTA = 0)

. HW :
[ ] (F10.2)
(Omit this card if IWBC = 0)

QFIX
[ 100.00 | (F10.2)

(Omit this card if IWBC = 1)

NELF SCFAC FRLEN
L 2 [ 2.00 | 0.50 | (110, 2F10.2)
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3.3 TRCON1 - PROGRAM FOR SOLVING TRANSIENT, ONE-DIMENSIONAL FLOW

The program TRCON1 is used to analyse transient, one-dimensional flow
in a single confined or unconfined aquifer or in an aquifer-aquitard system
referred to in Section 3.2. When the single aquifer is unconfined, only
radial flow components are considered and Boulton's concept of delayed

yield index and assumption of constant saturated thickness are applied.

Figures 10 and 11 show the input data form and completed form for a
~sample run respectively. One problem was solved by the program, with
IDISCR = 0 and IVEL = 1. The problem involves transient, two-regime flow
in a confined aquifer. Numerical solutions were obtained for five time
steps. A major part of the printed output is shown on pages 42 to 43.

It consists of a reformatted playback of the input data, the discretisation
data generated by the program, and two tables of results for time values

at the mid-point and the end of the fifth time step. Each table contains
the listing of node numbers, radial co-ordinates, head values, nodal

values of the dimensionless time ([ 1/u = 4Kt/}5§and nodal values of the

dimensionless drawdown ( W(w) = 47TKms/Q ).

A number of punched cards were also produced by the program. The
information contained in these cards is nodal values of the hydraulic
head and flux at the end of the final time step. By adding the punched
cards to the input data deck, and changing the values of the starting
 time step and the number of time steps to ITST = 6 and NTICR = 20, the
program may be rerun to obtain solutions for later times, starting from

step no. 6 onwards.

From the printed output, the type curve of W(w) versus 1/u for
a particular nodal point may be obtained by plotting the nodal values at
various times. It may also be noted that all'head values are measured

from the initial position of the water table, as HO is set equal to 0.0 ft.



40.
FIGURE 10: INPUT DATA FORM FOR TRCON1

COMPUTER DATA SHEET PROGRAM TRCON1 | 77 eeeeeeennens
) Transient, one-dimensional flow Date . . ...
Specification Card
NPROB  IVEL IDISCR ORELAX
L | | I ] (3110, F10.2)
" Problem Data Cards
~ RW RO HO TH HTOL
| ] [ [ | ] (5F10.2)
QFIX
] (F10.2)
IWAT " IAQTA - IGP I BOUND IWBC
L B ! [ l 1 (5110)
'RCSNG QRTOL
[ ] 1 (2F10.2)
(Omit this card if IWBC = 0) :
AK BK VCR SS
[ T | | ] (3F10.3, E10.2)
AGP BGP VGP SSP THGP ,
[ 1 . I I T — ] (3F10.3, E10.2, F10.2)
(Omit this card if IGP = 0)
SY DINDEX
[ I ] (2E10.2)
(Omit this card if IWAT = 0) :
PA THA
[ [ ] (F10.4, F10.2)
(Omit this card if IAQTA = 0)
NTICR TFACTR TMUL DTMUL
| | | ] (110, 3F10.3)
NELF SCFAC FRLEN

[;7 —] : ] ) (I10, 2F10.2)



FIGURE 11:
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COMPLETED FORM FOR SAMPLE PROBLEM

COMPUTER DATA SHEET PROGRAM TRCON1

By P. Huyakorn

.............

Transient, one-dimensional flow Date ._}%/}?/7?.
Specification Card
NPROB IVEL IDISCR ORELAX
1 I 0 l I [ 1.50 | (3110, F10.2)
Problem Data Cards
RW RO HO "~ TH HTOL
[ 700 T 1000.00 | 0.00 | 20.00 | 0.20 ] (5F10.2)
QFIX
[280.00 ] (F10.2)
THAT TAQTA TGP TBOUND TWBC
L0 1 0 [ ®© [ 0 [ o 1 (5110)
RCSNG QRTOL
L l ] (2F10.2)
(Omit this card if IWBC = 0) :
AK BK VCR SS
(10.000 | 20.000 | 0.060 | 0.10E-04 | (3F10.3, E10.2)
AGP BGP VGP SSP THGP
L | 1 l [ ] (3F10.3, E10.2, F10.2)
(Omit this card if IGP = 0)
SY DINDEX
— T ] (2E10.2)
(Omit this card if IWAT = 0)
PA THA
[ | ] (F10.4, F10.2)
(Omit this card if IAQTA = 0)
NTICR TFACTR TMUL DTMUL
L5 [ s0.000 ] 1.500 1 0.000 | (110, 3F10.3)
NELF SCFAC FRLEN
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£ ok feak & ok ###?###**#*###«*#* *t#t*## iit**##* #*1’#"1‘##*****

T

: FINITE ELEMENT ANALYSIS OF WELL PROBLEMS :
~

* TRANSIENT,THO REGIME FLOW TOWARD A SINGLE WELL *

*#*#$#r##$#**###*##*#*#####***##i#v##*#*t*###*###*

#&*####ﬂ#*#ttn#*t#$#$¢########¢¢$*#*$*$$¢#t$*¢*#$$
= PROBLTM NUMRZER ¥ L
#**##*###*W**ﬁt*f#%###*$*$$$*¢#$*$$*#*#*$$*¥*#**M#

AQUIFER AND WELL CHARACTERISTICS

RADIUS OF MWELL # 1.06060

RADIYS OFINFLCUENCE-#—10005000
HEIGHT OF WATER TABLE # 0.0

THITKNESSOF AQUIFER—# 20000
_TDLERANCE FOR SUCCZSSIVE HEAD VALUES # 0.200

PRESCRIBED WELL DISCHARGE # 280.000

AQUIFER PROPERTIES

e (COEFFICIENT A #——1050000
COEFFICIENT B #  20.0000

CRITICAL VELOCITY #——0-0600
COEFFICIENT K # 0. C893

SPECIFICSTORAGE ¥ ‘"ﬂilUC“u&

: ——GENERALTIMEDATA :
NUMBER OF TIME INCREMENTS # 5

TIME-FACTOR #——5070000
TIME MULTIPLIER # 1.5000

INCREMENT OF MULTIPLIER # 0.0

DISCRETISATION DATA

NUMBER OF [CLEMENTS IN FIRST SUBREGION # 2
SCALE FACTOR FUR EL EMENT LENGTH # 2.000 .
——LENGTH OF FIRST SUBREGION # 0.500
SUBREGION NO. OF ELEMENTS LENGTH OF SUBREGION
0. 500
; 5 1900
3 2 24000
4 1 4. 000
5 1 8.000
6 1 16.000
T 1 <« 00
8 1 64.000
9 1 126.000
10 1 256, 001
f Iy 4875500

—TOTAL NQ.~OF NODCS— #2977~
TOTAL NO. OF ELEMENTS # 14

MESH STABILITY FACTOR # 0.1092E-05
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3.4 STCON3 - PROGRAM FOR SOLVING STEADY, TWO-DIMENSIONAL
FLOW USING TRIANGULAR ELEMENTS

~ The program STCON3 is used to analyse steady two-dimensional flow
in a confined aquifer or in an aquifer-aquitard system, referred to in
Section 3.2. It can handle the situation involving a partially or fully
pehetrating well with or without a gravel pack. The well may be partly

or fully screened and up to 5 screened intervals may be used.

Figures 12 and 13 show the input data form and completed form for
a sample run. One problem was solved by the program, with IDISCR = 1
and IVEL = 1. The problem involves steady, tﬁo—regime flow towards a
fully penetrating but partially screened well. Results were obtained
for a value of HW equal to -50.ft. All values of the hydraulic head
‘are measured from the position of the water table at the external
radius. The printed output is shown on pages 48 to 57. It consists of

the following:
(i) a reformatted playback of the input data;

(ii) the generated discretisation data, namely nqde
connections of elements, nodal co-ordinates,
prescribed nodes and values and the length of the

gross vector;

(iii) the first table of results for HW = -50.ft.,which

‘ lists the node numbers, radial and vertical co-
ordinates, head values, Rho- and Tzi- co-ordinates
which are defined as p = r/2m and € = z/m

and values of the dimensionless drawdown s/s, ;

Gv) the second table of results,which lists the element
numbers, radial and vertical components of element

velocities and values of the flow type index, IDARCY;

) the third table of results,which lists node numbers
of the nodes on well screen, corresponding values
of discharge flux, and the total discharge into

the well;
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(vi) the final table of results,which lists the
o non-linear factor A = bQK/2Tmr, , the
node numbers, radial co-ordinates, values of
W(u) = 27Km /@ and values of 1/u = v/r, .

When using STCON3, the user should at first familiarise himself
with the discretisation data generated by the program. A plot of the
mesh for the sample problem is shown in Figure 14. Only a major part of

this mesh is included together with the node numbers.



FIGURE 12: INPUT DATA FORM FOR STCON3
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PROGRAM STCON3

Steady, two-dimensional,
confined flow

COMPUTER DATA SHEET

............

Specification Card

NPROB IVEL IDISCR ORELAX
L ' | I I J
Problem Data Cards
RW RO - HO TH HTOL
L | | | I
IGP TAQTA
I I ] (2110)
AK ' BK VCR
[ | [ ] (3F10.3)
AGP BGP VGP THGP BTGP

L I I I I

(Omit this card if IGP = 0)

= PA THA
L [ ] (F10.4, F10.2)

(Omit this card if IAQTA = 0)

HW
[ -] (F10.2)
FRLEN SCFAC XLMAX TREG NMIN
L I ] | |
IPENTR NDSC NSCREN
L I [ ] (3110)
XSCR HSCR

(2F1G.2)

(No. of cards = NSCREN)

(3110, F10.2)

(5F10.2)

(5F10.3)

(3F10.2, 2110)
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FIGURE 13: COMPLETED FORM FOR SAMPLE PROBLEM

COMPUTER DATA SHEET PROGRAM STCON3 By  P. Huyakorn
' ' Steady, two-dimensional,
confined flow Date ..%4(%%(?%..

Specification Card

NPROB IVEL IDISCR ORELAX
[ 1 | 1] 1 [ 1.50 | (3110, F10.2)

Problem Data Cards

RW RO "~ HO TH HTOL
([ 1.00 [ 100.00 | 0.00 [ 20,00 [ 0.20 ] (5F10.2)
. IGP IAQTA
o0 ] 0 ) (2110)
: AK BK VCR
[10.000 [ 20.000 [ 0.060 ] (3F10.3)
_ AGP BGP VGP THGP BTGP
[ [ [ | [ ] (5F10.3)
(Omit this card if IGP = 0)
PA THA
L | ] (F10.4, F10.2)
(Omit this card if TAQTA = 0)
HW .
[-50.00_ ] (F10.2)
FRLEN " SCFAC XLMAX IREG NMIN
[ 0.50 ] 1.50 [ 50,00 [ 4 1 2 ] (3F10.2, 2110)
IPENTR NDSC NSCREN |
L 0 | 5 [ 1 ] (3110)
XSCR HSCR
10.00 5.00

(2F1G.2)

(No. of cards = NSCREN)
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) 1.00 0 32508 01
T L, AT3 300
3 1.09 hL4rb6T 01
3 1.00 2.1109E 02
10 1.00 0.116098 92
1= 100 —e e TP I09E 02 e e
12 1. 00 D.11C3E 22
13 100 Gol109E 02 5
e s 1.00 0.4252F OI 04 100CE-01
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FIGURE 14:

'MESH 'GENERATED "FOR "SAMPLE ' PROBLEM

17 32 51 63 77 36 S5 104
16 33 50 %
15 32 43 86 76 85 94 103
14 31 L8 &%
y 13 30 L7 64 75 84 93 102
12 \\ 29 N 63/
w 11 28 L5 62 74 83 32 101
Q
v
10 27 L €1
9 25 43 60 73 82 El 100
8 25 L 59
7 24 L 58 172 81 90 a9
5 22 39 55 71 80 89 93
A \ 23 38 55
3 20 37 54 70 79 88 97
2L \J19 36 5
1 18 35 52 69 78 o 87 a5
P

‘89
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3.5 TRCON3 - PROGRAM FOR SOLVING TRANSIENT, TWO-DIMENSIONAL FLOW
USING TRIANGULAR ELEMENTS

The program TRCON3 is used to analyse transient, two-dimensional
flow in a single confined or unconfined aquifer or in a multji-layer
system consisting of a number of aquifers and/or aquitards. Up to 3
layers of the multi-layer system can be handled in the current version
of the program. Modification to handle a greater number of layers is
given in Section 5. ‘When the single aquifer or the top layer of the
multi-layer system is unconfined, Boulton's concept of delayed yield and
his assumption of constant saturated thickness are applied. Fully
penetrating wells with partial or complete screening and with or without

gravel packs are considered. Up to 5 screened intervals may be used.

Figures 15 and 16 show the input data form and completed form for a
sample run. One problem was solved by the program, with IDISCR = 1 and
IVEL = 0. The problem involves transient, two-regime flow towards a
partially screened well in a confined aquifer. Numerical solutions were
obtained for ten time steps. A portion of the printed output is shown on

pages 63 to 68. It consists of the following:
(1) a reformatted playback of input data;

(ii) the generated discretisation data, namely node
connections of elements, nodal co-ordinates, node
numbers of top boundary nodes, the radial co-

ordinates of such nodes and the length of the gross

vector;

- (iii) two tables of results for the time values at the
mid-point and the end of time step number 10. Each
table lists the node numbers, radial co-ordinates,
nodal values of the hydraulic head (measured from
the initial position of the water table), nodal
values of 1/u = 4Kt/rass and nodal values of
W(w) = 471Kms/Q
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A number of punched cards were also produced by the program. The
information contained in these cards is nodal values of the hydraulic
head and flux at the end of the final time step. As in TRCON1, the
punched cards may be added to the input data deck to rerun the program

from step no. 10 onwards.

From the printed output, a family of type._ curve , W(#).Vs. 1/, may
be obtained by plotting the nodal values at various times for selected

nodal points in the mesh.
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FIGURE 15: INPUT DATA FORM FOR TRCON3

PROGRAM TRCON3 By

‘ PUTER DATA SHEET . Cereeaiieaan
COMPU Transient, two-dimensional,

confined or unconfined flow = | ~977 teeeeeaaann

Specification Card

_ NPROB TIVEL IDISCR ORELAX
L | i l [ | (3110, F10.2)

Problem Data Cards

RW RO HO . HTOL  NLAYR
L 1 ] [ [ ] (4F10.2, T10)
QFIX RCSNG QRTOL
i | l ] (3F10.2)
1GP IBOUND  IWBC TKMAX TWAT
L | I | | 1 (5110)
THL AKL BKL VCRL  SSL
(5E10. 2)
(No. of cards = NLAYR)
AGP BGP VGP THGP BTGP
L I [ l ] | (5F10.3)
- ' - (Omit this card if IGP = 0)
SY DINDEX
L_ [ 7 (2E10.2)
NTICR ~ ITST TFACTR TMUL DTMUL
C I 1 . [ [ ] (2110, 3F10.2)
FRLEN SCFAC XLMAX
T [ ] (3F10.2)
NDSC NSCREN
r ; l . (2110)
" IREGL NMINL NFRL
— : (3110)
XSCR ~ HSCR
(2F10.2)




FIGURE 16:
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COMPLETED FORM FOR SAMPLE PROBLEM

-| COMPUTER DATA SHEET

PROGRAM TRCON3

Transient, two-dimensional,
confined or unconfined flow

By P. Huyakorn

Specification Card

NPROB 1VEL IDISCR ORELAX
L1 ! 0 | 1 [ 1.30 |
Problem Data Cards
RW RO HO ~ HTOL  NLAYR
[ 1.00 [ 1000.00 | 0.00 T 0.50 I 1 ]
QFIX RCSNG QRTOL
_100.00 | 1.00 ] 0.01 ] (3F10.2)
IGP IBOUND IWBC TKMAX TWAT
[ 0 ] 1 | 0 [ 1 | 0 |
THL AKL BKL VCRL SSL
0.20E02 0.10E02 0.20E02 0.60E-01 0,10E-04
(No. of cards = NLAYR)
r AGP I BGP | VGP THGP BTGP
- - (Omit this card if IGP = 0)
SY - DINDEX
B T 7 (2E10.2)
NTICR ITST TFACTR TMUL DTMUL
L 10 ] 1 | 50.00 | 2,00 [ 0.00 ]
FRLEN SCFAC XLMAX
[ 0,50 1 1,50 [ 100.00 ] (3F10.2)
NDSC NSCREN
3 I 1 (2110)
IREGL NMINL NFRL
4 3 5
(3110)
~_ XSCR HSCR
1 - .
0.00 10.00 (2F10.2)

(3110, F10.2)

(4F10.2, I10)

(5110)

(5510.2)

(5F10.3)

(2110, 3F10.2)
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H o4 M

b sk b o ok e s o sh e e ok KSR A R o ko o o K

e sk ohe s o o s e e o o e e ol e R ol s et ak ol sl e B o e e g e e ok ok ek

; ' * PP OBLTM NUMBER 1 *
¢ e e ok X sk o o ook ol 3y et ook ks ok e e s sl ekl sl ol ok ok Aok

#

GENERAL DATA

KADIUS OF WELL  #  1.00
RADHYSBF—HFEHEHEE—#——1000-:06

HEIGHT OF WATER TABLE # 0.0

7f——*——*ﬁh0TUS—GF—HEtt—ekSING L2 1=00

- DISCHARGE INTO MELL # 100.00

!  DISCHERGE TOLERAKNCE RATIOD # 0.0100

OVER RELAXATION FACTDR  # 1.3000

-HEAD TOLERANCE # 0.5000

—GRAVEL—PI-CK—I-NDEX ff 0~

BOUNDARY INDEX  # 1
e W B G T P X 0
! LAYER OF MAX PERMEABILITY  # 1
e WATER—FABLEAQUIFER—INDEX—H——0 -
e FORMATION—PROPERTHES - :
LAYER ND. THICKHNESS COEFF-A  COFF-B CRIT. VELOCITY SPECIFIC STORAGE
1 20.0C C.1CE 02 0.20€ 02 0.60E-01 0.105-C4
SCREEN NO. BASE HEIGHT LENGTH
; ' 1 : 10.00 10.00

DISCRETISATION DATA

— e UM B ER—GF— LAY ER S—# 1—
NUMBER OF REGIOHS & 22

IDENT-HE I CATHOH—OF EEEMENTS ~—NODE-CANNECTIONS

ELEM ND NODE1 NODE2 NODE3 REPETITION NUMBER L
1
1 1 6 % 1
% ! =1 {
z & 2 5 !
5 2 6 7 2

& 3 1 _ 8 (S S
I 5 3 10 2
Q 6 11 7 3

10 7 12 -8 SR S —
- 11 - f——i 3 g 3
} 2 9 14 10 2
1 3 7 11 12 4

4 8 12 I N, SN o

—_— 15 9 B S 14 4
16 10 14 15 4
7 11 16 12 2

13 12 17 N S
5 13 —id 14 2

20 14 19 15
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%* TIME STEP MNUMHBER # 10 *
ez o o 3 o 3 23 Wk oe o 3R R 2 0 RO K R SOk e ok ke

dealcook g o ok o e o o oot oo o o bl oS Ao ool o ook ok e ol ok
* c o4 0.431C Ol *

TIME
ok bt A e ot ket o e K o oo o o e

———ESTIHATEDRAD TUS—OF—THFLUENCE—4——1000: (0~
CORRESPONDING NO. OF NODES 77
e €BRRES POMDIHG— NGO FELEMENTS——#

&

—# 02

CORRESPONMDING COMPINENT DF VECTOR NDVEC #

DISCHARGE ITERATION KUMBER
e ORAWDOWN - INCREMENT

H

79

(V3]

1
s

ki

" DRAWDOWM VALUE # -80.770

NUMBER OF ITERATIONS REQUIRED #

TOLERANCE COUNTER FOR HEAD # 0

il

Lid

———————ABSOLUTEHAXI HUM-—CRRER—I MN-HEAE

-

e DISCHARGEFROM—A QUEFER—INTO—HEH——#———1 00095

00009

DISCHARGE FROM WELL STORAGE # 0.0
TOT-AL—CALCULATED—PI SEHARGE—# 100095
# 0.0951

RESTDUAL DISCHARGE

:$#**$¢**$$$#*#*#*##*¢$¢$#$¢$##*####*##**#****$$$

*

: FINAL RESULTS OF ANALYSIS

#*
*
x

. *
e 40 sk ool st o ok ok e e o oo ok om0 ekl ok e steof ol e e o e Nl B ke e

HEAD .VS. PADIUS AND 1/U .VS. H{U)

NODE R—-COJRC HE AD
T 1= 090 =32 45K
2 1.60 ~35,.6024
3 1.90 ~R0.7703
P 1.00 -80,77C3
5 1~ 00 e QT3
6 1.50 -32.4208
7 1.50 -35.8532
8 1.50 -64.5709
9 1250 66T 233
10 1.50 —-67.2370
11 2.25 ~32.2639
12 2.25 -35.42N5H
13 — 2025 — 52,73
14 2.25 -54.G6210
15 2.25 -56,hH802
16 3.33 -31.3716
Y7 — 3338 - 34580 9 —
18 3.32 —44,13877
16 3.36 -45,7593
2n 3.35 —~4L0,2462
———— P} e~ § e~ 30, §6H9F
22 5.00 ~ 36435654
23 5.16 ~40, 1956
24 Te5G —-27,412%
- 25- ——Fah3- w3 2 5RO
26 T.57 ~ 34 H00
27 11.3% =27.3260
28 11.39 —28.6373
22— 11.39 ——————-=2955155 —
30 17.0" "24-5?12
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05 T.947
05— “11.856
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3.6 STCOND - PROGRAM FOR SOLVING STEADY, TWO-DIMENSIONAL FLOW
USING RECTANGULAR AND TRIANGULAR ELEMENTS

The program STCOND is used to analyse steady, two-dimensional flow
in a confined aquifer or in a multi-layer system. Unlike STCON3, a
combination of rectangular and triangular elements is employed, and
only fully penetrating wells with or without gravel packing are
considered. (i.e. for a partially penetrating well, this program
neglects the portion of the formation which is directly below the base
of the well.) For the multi-layer system, the maximum number of
formations that can be handled in the current version of the program is

'3, and up to 5 screened intervals may be used.

Figures 17 and 18 show the input data form and completed form for a
sample run. One problem was solved, with IVEL = 1 and IDISCR = 1. The
problem is almost identical to that solved by STCON3 except for the
length of the well screen, which ih this case is 10 ft. The printed
output is shown on pages 72 to 75. The content of this output is identical
to that given by STCON3. Figure 19 shows the plot of the discretisation

data. The node numbers and well screen are also depicted in the figure.
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FIGURE 17: INPUT DATA FORM FOR STCOND

..............

| COMPUTER DATA SHEET PROGRAM STCOND By
- Steady, two-dimensional flow

..........

Specification Card

NPROB IVEL IDISCR ORELAX
l | l [ ] (3110, F10.2)

Problem Data Cards

RW RO HO HTOL NLAYR _
| [ I I I ] (4F10.2, 110)

IGP IKMAX IAQTA
l | | ] (3110)

THL AKL BKL VCRL

(4F10.3)
(No. of cards = NLAYR)

AGP BGP VGP THGP BTGP

| i I [ ] ] (5F10.3)
(Omit this card if IGP = 0)

PA THA
{ I ] (2F10.3)
(Omit this card if IAQTA = 0)

HW
W ] (F10.2)

FRLEN 'SCFAC XLMAX
[ | [ 7 (3F10.2)

NDSC NSCREN _
[ | | (2110)

IREGL NMINL NFRL

(3110)

(No. of cards = NLAYR)
XSCR HSCR

(2F10.2)

(No. of cards = NSCREN)
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FIGURE 18: COMPLETED FORM FOR SAMPLE PROBLEMS

COMPUTER DATA SHEET PROGRAM_STCOND By P. Huyakorn

..............

Steady, two-dimensional flow Date 14/12/73

------------

Specification Card

NPROB TVEL IDISCR ORELAX
l 1 | 1 l 1 [ 150 ] (3110, F10.2)

Problem Data Cards

RW RO HO . HTOL NLAYR

[ 1.00 [ 100,00 | 0.00 [ 0.20 ! 1 ] (4F10.2, 110)
IGP TKMAX IAQTA ,
L 0 l 11 0o | (3110)
THL AKL BKL VCRL
0.20EQ2 0.10E02 0.20EQ2 0.50E-01
' = (4F10.3)

(No. of cards = NLAYR)

AGP BGP VGP THGP BTGP _
[ ] ; I | ] (5F10.3)
(Omit this card if IGP = 0)
PA THA
[ ' l ) (2F10.3)
(Omit this card if I[AQTA = 0)
}{w N
_-50.00 ] © (F10.2)
~ FRLEN  SCFAC XLMAX
[ 0.50 [ 1.50 [ 50.00 ] (3F10.2)
NDSC NSCREN
L 3 | 1 ] (2110)
IREGL NMINL NFRL
4 2 5
(3110)

(No. of cards = NLAYR)

XSCR  HSCR
10.00 10.00

(2F10.2)

(No. of cards = NSCREN)
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GENERAL INPUT DATA

RADIUS OF WELL # 1.00
- RADIUS- OFTNFLUENCE —# 100500
___HEIGHT OF WATER TJABLE _4 0.0
OVER-RELAXATION FACTOR & 1.500

PRESCRIBED HEAD TOLERANCE # 0.200

GRAVEL PACK INDEX # 0

TAQUITARD TINDEX R ©
e A R BF—AX—PER HEAB T Y—#

i

FORMATION PROPERTIES

LAYER NO. THICKNESS COEFF.—A COZFF.-8 CRIT. VELOCITY .
1 _ 0.20E 02 0.10E 02 " 0.208 02 0.50E-01
SCREEN NO. BASE HEIGHT LENGTH
1 10.00 "10.00 o

DISCRETISATION DATA

e NUMBER-B FLAYERS—H !
____NUMBER OF SUBREGIONS # 12

T T IDENTIETCATION OF ELEMENT-NOOC CONNECTIONS

ELEM NO ITYPE NREP 1PROP NCDEL NOGE2 NODE 3 NADE4
; 1 1 6 7 2
} g ‘1 ! g ! ;
' T 1 ' :
: : ; 7 ¥ 13 :
3 4 2 7 12
7 A 5 i A 13 14 8
- - g T T T 27 1 9 T4 1% lié‘
9 4 3 1 11 16 17 12
4 _3 ] 12 LT 12
? ) 4 3 1 13 {g %g ifs'
g 3 2 i £ 21 f;
4 4 13 22
[('3 35 ‘§ { 17 21 22
1 : S
{ 3 p 19 23 20 __
18 B S— ! 21 5e 52 %4
22 4 5 =4 %% —3% 22 27
I 4 a 25 29 2
53 4 3 i 27 30 31 23 N
B | S S 4 B | N
_— ] %2 _g___. 11(1)_ _______].'_.__,___ _3%_ —33 __3,[::2. L
AR { S B T S
29— 3 34 ] 37 34 40 38
30 4 15 1 33 3¢ 0 38
31 4 16 1 39 41 42 10 o

!

|
|
|
|
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SCREEN

15 | 20 | 23 26
14 19
13 13. ' 22 25
1z 17
1 15 - 21 24

=1y

" FIGURE 19: MESH GENERATED FOR SAMPLE PROBLEM
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3.7 TRCOND - PROGRAM FOR SOLVING TRANSIENT, TWO-DIMENSIONAL FLOW
USING RECTANGULAR AND TRIANGULAR ELEMENTS

The program TRCOND is used to analyse transient, two-dimensional
flow in a single confined or unconfined aquifer or in a multi-layer system
consisting of a number of aquifers and/or aquitards. It has the same
capability as TRCON3 except that a combination of rectangular and

triangular elements is used instead of using triangular elements alone.

Figures 20 and 21 show the input data form and completed form for a
sample run. One problem was solved, with IVEL = 0 and IDISCR = 1. The
problem solved was identical to that solved by TRCON3. Input data used
was also identical. The printed output is shown on pages 80.to 88. The

content of this output is as previously described in Section 3.6.
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FIGURE 20: INPUT DATA FORM FOR TRCOND

By ...
COMPUTER DATA SHEET PROGRAM TRCOND
Transient, two-dimensional flow Date .. .....
Specification Card
NPROB IVEL IDISCR ORELAX
[ { [ | ] (3110, F10.2)
Problem Data Cards
RW RO HO . HTOL NLAYR
L [ I | I ] (4F10.2, 110)
QFIX RCSNG QRTOL
B [ | ] (3F10.2)
1GP IBOUND IWBC TKMAX IWAT
L ] I I I ] (5110)
THL AKL BKL  VCRL SSL
(5E10.2)

(No. of cards = NLAYR)

AGP BGP VGP THGP BTGP
L I I | [ ] (5F10.3)
(Omit this card if IGP = 0)
Sy DINDEX
L [ ] (2E10.2) \
(Omit this card if IWAT = 0) :
NTICR ITST TFACTR TMUL DTMUL
{ ! | | I ] (2110, 3F10.2)
FRLEN SCFAC XLMAX
[ | T ] (3F1C.2)
NDSC NSCREN .
| ] (2110)
'+ TREGL NMINL NFRL
(3110)

(No. of cards = NLAYR)
XSCR HSCR

(2F10.2)

(Nd.,of cards = NSCREN)



FIGURE 21:

COMPLETED 'FORM FOR SAMPLE PROBLEM

79.

COMPUTER DATA SHEET

PROGRAM TRCOND

Transient, two-dimensional flow

Date

.............

14/12/73

...........

Specification Card

NPROB IVEL IDISCR ORELAX
L1 | 0 l 1 | 1.30 ] (3110, F10.2)
Problem Data Cards
RW RO HO HTOL NLAYR
[ 1.00 | 1000.00 | 0.00 [ 0.50 ] 1 ] (4F10.2, I10)
QFIX RCSNG QRTOL
(100.00. | 1.00 [ o0.01 ] (3F10.2)
1GP IBOUND IWBC TKMAX TWAT
o [ 0 [ o© l 1 [ o ] (5110)
THL AKL BKL VCRL SSL
0.20EQ?2 0. 10EQ2 0.20E02 0.60E-~01 0.10E-04
(5E10.2)
(No. of cards = NLAYR)
AGP BGP VGP THGP BTGP
L. | I | l ] (5F10.3)
(Omit this card if IGP = 0) :
Sy DINDEX
L [ B (2E10.2)
(Omit this card if IWAT = 0)
~ NTICR ITST TFACTR TMUL DTMUL
[ 10 I 1 [ 50.00 [ 2,00 [ 0.00 | (2110, 3F10.2)
FRLEN SCFAC XLMAX
[ 0.50 ] 1.50 | 100,00 | (3F1C.2)
NDSC NSCREN _
L =z I 1 ] (2110)
IREGL NMINL NFRL
4 3 5
(3110)
(No. of cards = NLAYR)
XSCR HSCR
10.00 10.00
(2F10.2)

(No.'of cards = NSCREN)
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GEMERAL DATA

FADIUS G0 dill L i 1.00

RSB e s Lo 1o e L e T Serei s e e

HEIGHT NF WATER TasLE 4 0.0

AU TS IR OAS TG rroo— -

DISCHERGE IHTO WILL 100.00 .
DISCHARGT THLERANCE PATID # _ﬂm"“o:afoo )

OVER RELAXATION FACTOR 1.3000
HEAC TCLERAICE S 0.5000

GRAVEL 2 ER—THOEX—# 0 ' S ——
ROUNDARY 1HDEX 4 0

WA 6 D EX— 7 0 - —
LAYER OF MAX PERMEALILITY  # 1

FORMATION PROP=RTIES
_"—__—__—tthR“Nﬁ__“—"fﬂitﬁffbw_*_‘—&ii??**__“—'CﬁL ‘ﬁ“‘“'*C&Tf__Vttﬂﬁi?W_“‘“*SPtﬂiciC“STﬂRA’{

26.00  0.1CE 02 0.20E 02 0.60E-0L 0.10E-04
SCREEN NU. BASE KEIGHT LENGTH
1 ©10.00 ‘ 10.¢0

N1SCRETISATION DATA
HUNB T D TEYERS W T

HUMBER JF SUBBeGTIINS  # 22

TIOENTIFICATION OF £SLENENT-NIDL CORNECTIONS

ELEY 1) ITYPE NP ZP 1PROP MODEL NODE2 NODE3 NODE 4
1 -4 R 1 1 t 7 e e
2 4 1 1 > 7 5 5
3 4 1 1 3 8 9 A
4 4 1 1 4 9 10 5
5 & —2 S & 11 1?2 N
& 4 2 1 7 12 13 8
i 4 2 1 8 13 14 S
4 4 2 1 2 14 15 10
- s Hr—— 3 i ]y P L2 T T T T T
1G 4 : 3 1 1? 17 12 13
11 4 3 1 13 1a 12 14
12 4 3 1 14 19 20 15
- S e — # -—1- =Yt 21 —y7 —
14 3 4 1 13 22 10
15 3 5 1 17 21 22
14 3 5 1 13 22 23 o
[ s e e T —{g - —g%' B -
2 3 1) 1 2(
L 4 7 1 21 24 75 22
20 4 T 1 22 25 26 23
21 — % -t -1 e 3 s L /) S
22 4 £ 1 25 26 29 26
>3 4 G 1 27 3¢ 31 28
24 4 9 1 24 31 32 29
— 25 -4 10 — e 30 "33 34 31— -
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AP BOUNUREY-NIOES—AM ORAD L At~ CRURDTNATES- Y -

HOOE NURBLK ' h«ggQ@QINATE

5 ,
10 1056
L] 2,95~
38 3.36
3 % A,
26 3155
<3 113¢e
3 11.¢o
3¢ 3;:24
4t =57 HT
aa 66450
50 162:13
3 003
20 391,93
29 491293
62 5¢1.¢3
65 671.63
63 7¢1.93
Il £35.73
1 QGl.44
‘7 1000.60

LENGTH OF GRISS VIECTCR # 386

e 3 ok SN s e el sk ok 3o e B s ool N e e AR ok SR okl
* TLHAE o D062 6562 *
R T

—ESTIMATED RAUDTUS OF —IRFLOENCE—# re0osco—
+ CCRRESPONDING NO. UF NODCS  # 17
—CORRESPHHDING N O SR THENTS 454

CORRESPIHNDING COMPUNENT OF VECTOR NDVZEC # 23 . . °
DISCHARGE ITERATION NUMBER # I

PR AR D INEREAENT —— #2232 47
DRAWDUWN. VALUE &  —29.247

NUMBER OF ITERATIONS REQUIRED # 3

TOLERANCE COUNTER FOR HCAD # 0 .
ABSOLUTE MAXIMJM ERRCR TH HEAD # 0.33¢92

DISCHARGE FRIM AQUIFER INTO WELL = # 69.1831.
DISCHARGE FRIMM WELL STORAGE # 0.0

TOTAL CALCULATED DISCHARGE =~ 4 69.183
RESTOORL OTSTHARGE : # 30TETeY

DISCHARGT ITERATION NUMBER 4 2

T DREWDURITIRCREMENT # =H2 2 TS
ORAWCOWM VALUE # -42.2795

NUMBER OF ITERATICHS RFQUIRED # 4

TOLLRANCI COUNTER FuR READ # 0

. ABSOLUTE MAXIMUM FRECR IN HEAD # 0.1600
DISCHARGE FRPM AQJIFLR INTO WCLL # 90.7438
DISCHARGE FROMYA wiLL STORAGE # 0.0
TOTAL CALCULATCO DISCHARGE 4 . S0.T744

AESIOUAL DISCHARGE -~ " 9.2562
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DISCHARGE ITERATION NUMBER  # 3
DEAWCOWH THCREMENT - #  —47.P48
DRAWDOWN VALUE  #  —47.8068 :
NUMBER CF TTERATIUNS REQUIKED & 4
TOLERANCE COUNTER FUR HEALD 4 0
EBSTLUTE—MAXI MR T HEs—— s 2063
B S A T P M AU T TR T T U S G322
DISCHARGE FROMM WILL STUFAGE 4. 0.0
TOTAL CALCULATED DISCHARGE  # 99.132
RESTDUAL DISCHARGE # 0.867¢ !
GISCHFARGE ITURAT IO NMUMBER  # 4
DEAWDOWN IRCEEIENT  # —48.447
DRAWDOAN VALUE 8 —49,447
WUMBER OF ITERATIGHS REQUIRED # 4
TOLERANCE COUNTER FOPR HEAD # 0
—AabSTUTE T MAX I Mo ERRGR I RTAR T 02112
O TS CH ARG T FROM AT T PRI T O St —# SoTITHO
DISCHARGE FROMY WELL STORAGE # 0.0
0T AL CAL CUL AT SO SIS EMARGE— —f 4eT9TL
RESIDUAL DISCHARGE W 0.0260
Toamalr seh fdle e s okl o e ke sl ol ol o ook e sk b e sk ek g e ok ookl e e et e e sl e
* - FINAL RLSULTS OF AMALYSIS | %
% S
ek e oot oot sheok e seafedfe sl ecieofe ot e o oteoje v o sk e o e e s Aol ok e e Ve sk g ok e o
HEAD .VS. PADINS AND 1/U .VS. H(U) L
NODE R=COIKD HE AD 17U W{U)
] 1.00 —-4.1267 0.22355 03 0.9339
2 1.20 1.6%579 0.2235% C3 - =0.3744
3 1.00 —45 4465 0.2235% ¢3 1005757
7 1o g Bty (2 2 350 3 ooy
5 "1.30 - 43,4446 G.02357 03 10,6757
6 1.50 —2.6075 C.C1933% 02 0.5358
7 1.50 ~1.5630% 0.3933% 02 0.3661
& “1ese =317 52103123302 07T
9 1.5 ~33,2066 N.79313% 02 7.4545
10 1.50 -33,39053 0.€933% 02 7.5691
11 2.25 “1.uC03 0.44155 02 C.4042
12 2.25 ~3.47%]) Gab4l5E 02 0.7353
13 2.25 1006552 0.4415% 02 4ob12%
14 2.25 -21.9374 0.4415C Q2 4.6247
5 225 -2 3.06300 G.4415F 02 5.1253
16 1136 =1, 3627 G.16527 €2 0. 3057
Iy . T B e U B T I (/i s T 0.3785
13 3050 ~11.6a41 0.19A2% 02 2.6135
19 3.3n ~13.4634 Q15628 02 L 3.0224
20 3,37 ~15. 4951 0.13625 §2 3.4613
21 - UG o ) 0 s ¢ B G211 T T
22 5475 CLET21E 01 1.4864
23 5. %0 U.LT21E 01 2409778
24 154 U376 Gl . 2277
25 5 [Tl 7o Ol
26 7.57 0.3574% 01 1.1203
2| L3 137235 01 T
¢ et L 35— 2 0I1733C o1 00 50§ G o e
30 17492 ~D.hB64 0.7656E 00 0. 1092



I
=]
-
[

31 17.99 157 0.7656F 00 0.1382
32 17.09 =0.7396 0.7T556% 00 0.1640
33 25 63— =CTLSs0 0 340300y TOU30Q T
34 25,63 ~0.1428 0.34935 09 0.0320
35 25.63 -0, 1521 0.3407%: 00 0, 0341
36 38.4% —-0.0143 0.1512F 00 0.003%2
3T 33T =004l T 2E 0D L0632 o
38 3044 -0.0133 0.15128 00 0. GO31
3¢ 57461 0,0002 0.6T215=-01 -0.0L020
40 87 .61 N.0002 0.67215-01 -0.0000
41 >Teol e vLsuCUt b2 1r=0] -0.0000 —— ===
“2 16.50 - 0.0000¢ G.29875-01 0.C000
43 36450 =0.0uGO 0,2937F=01 0. 0000
44 L 36450 =0.C000 0.2927E=-01 0.0000
45 2e<7s G705C0 O B e =02 0000
40 129.75 U. 0000 0.13235-01 —-0. 0000
47 12¢.75 0. 0000 0.13256-01 -0.,0000
4LE 174,62 -G.0000 C.530157-02 0. 0000
4 124 562 =006y ~03590 L E= (7 00009
50 L14.62 =0, 0000 D.5901F-02 G, 0G0
51 251.93 0.0500 0.26235-02 ~0. 007
52 241443 0. G0N0 0.26235-02 =0.0000
53 2Tl CTTO00 U2 A=t =000Cn
54 321 .73 ={.0000 D.la455F—-02 0, 000D
55 321.493 -0, 0000 0.1455E-02 C.00C9
56 331 .43 ~0.,0000 0.1455:2-072 C. 0000
~ 57 47173 Ve QO —————-0702366=03 =0 0000
58 421 .53 0. 00C0 0.3235E-C3 -0.000C
5¢ 471 .73 C. 0000 0.72360-C3 -0.0000
60 531.733 =0.0000 0.6 37SE-03 0. 0000
i 51553 OGO 075373 ~03 G0N
62 531.93 =0.000N 0.637206-03 0. CO00
63 691.33 Qe 0000 0.4066855-03 -0.0090
64 A51.53 0.0000 0. 4663E-03 -0.0000
th LSS WS O 0e0T U4 666 =T d—— G000
66 {71423 -, 0000 G.35564(-03 Q. 00600
67 T791.73 =G 00O 0.3564E-03 0. CO0O0
68 791.73 =0. 0000 0.35645—03 C. 0000
[ d353Ts S e 03200803 =0 000
{0 835,73 0. 0000 0.32006-03 -0. 0000
T1 535.73 0. Q000 0.32005-03 -0,0000
72 Q0) .44 -0.0000 0.27507-03 0. 0C0N0
T3 201 .44 =0.0000 0.27500-03 Q. COON
T4 1. 4% -0.0000 0.27501=03 ¢, 0000
R 75 1060 .69 . 0.000N 0.2235%-03 -0.0000
06 1000.G0 0. CLO0 0.2230E~03 -0.00C
77 LO0C .0 G.0C00 0.22350-03 —0. 0000

o ok ok o e 3 st ten e sk ol o o g el ¥ e e ek ok dhsle ok kol
7 B e ST ST=0T >
ok o s s SR o sl ook e st e st o e sk e sk sl ok e ek ok kR A

DISCHARGE ITERATIUN NUMBER' i R
DRAWDIOWN 1MCREAENT # - 4E.44T7
DRAWDU RN VALUYE # -596.893

NUMBER OF ITLRATIGIS REQUIRED & 3

—TOLEAANCE COURTER AR —HAD™ —# 0

CABSOLUTE MAXIMUM LRROR IN HEAD t 0.3402
DISCHARGE FRODM AQUIFSR INTO WILL # 15C. 2560
OHSCHARS Tt STorkGT—# o0

TATsL CALCULAT=D DISCHARGE # 150.256

“RESTOUAEDIECHAROE— . "L " 502560

DISCHARGE I1TERATICH RKUMBIR 4 2
BRAN SO IR THE T A= 1T 3 -

DRAWDUWN VALUE i =644 0D

NUMBER OF ITERATIONS RuUQJIFED 4 2

TOGLERAMNCT COUMTER FOR HULD # Q

ABSOLUTS HaxXIMLt xR 1IN ff2AD # O DLADLT

DISUHARSGS FRAOM AYJIFFR INTO WIELL i 111.7153

UTSCHM G FRIT T REC U STORAGE ™% v o - e
TATAL CALCULATED DISCHLRGL # 111,715

T TTTTRESTOTRLT O ISTHARS T I S 4 S B T



DISCHARGE TTERATIIN NUMBER # 3
T KA TTANTT IR O R AETT o =6T1583

DRAWDOWN VALUL # -54.634

NUMBER OF ITERATIONS REQUIRED # 2

TOLERANCE COUMTER FOR HEAD # 0
ABSOLUTE MAXIMUM ZRRCA IN HEAD # 0.27¢€5

DISCHARGE FRIM AQUIFSR INTO WELL # ©7.9016
DISCHARSGE FUEOMM NELL STORLGE  # 0.0

TOTAL CALCULATED DISCHARGE 4 97.502
RESIOUAL DISCHARGE - H 2.09¢4

DISCHARGE ITEPAT ION NUMBTR  # 4
DRAWDOWN INCRE4ENT  # ~7.684
DRAWDOWH VALUE 4 -S6.131

NUMBER AF ITIRATIONS REQUIREZD # 2

TOLERANCE COUNTER FOR HSAD # 0

LS TEMAX P UM SRR RN HERD # C3211%
DISCHARGE FRIM AQUIFER INTO WELL # 100.0617
DI1SCHARGE FROMA WELL STORAGE  # i 0.0

TOTEL CALCULATZD DISCHARGE # 100.062

© ORESIDUAL DISCHARGE . # 0.0617

ok i adeofe Sk ofofe o sk s sk ek e kol i ok ok 3 koo e e ofe v ol e s o ok SRR Bedof ok kg ke %k
*

' 9t %

FIWAT FZSOCTS UF ENATYSITS

3,

=
ook fesients 3 ook 3 st Rk 3k e o R S KR RSk kR ko) 3K ok O e R K R e ek e ARk

HEAD . VS. RADIUS AND 1/U .VS. W(U)

NODE R=COIRL HEAD 1/U Wiu)
T =00 =TS T OTE A TNTT03 1+%535
2 1.00 -1.1133 0.%4470% 03 ¢.2511
3 “1.0u -556.1307 0.4479% 063 12. 6003
4. 1.00 ~56.1307 0.4473% (3 12.6003
5 1=UT =G I307 Vet &IO03 1276003 —=
s 1.30 —44 3456 0.19875 03 1. 0535
7 1.59 -4.5013 Gelvuolf 03 1.0105
8 130 -33.2253 0139 03 £.5312
7 57 =AMTARATO 0.1 Y3 03 gvcaen
10 1.59 -41.2650 0.1287¢ 03 2.2h42
11 2.25 -3.9749 0.68307 ©2 0.8£923
12 2.25 ~6e 6290 GJURINE 02 1.443%
I3 TS =247 3546 03530502 ST6V2%
14 225 -26.5035 0.08308% 02 6. 3657
15 2.253 -30.0262 ND.E2307 02 6.7404
16 3.34 ~3.4206 N.3924% C2 C.7672
17 3733 =P NG NT3 245702 R 1]
16 3.33 -16.3145 0.392 G2 3.6625
16 3.32 ~-18.9704 0.3%24% 02 4, 2587
20 3.33 ~21.5007 G.39%2 02 4, 8250
21 5505 27TATT AL pha (2 Q6213
22 5.006 =10.2145 0.,1744E 02 2.2931
23 5.05 —1%4., 2012 017447 02 3.1830
24 7 .57 92 0.775 Ci G.6300
55 5 QTS 0l 1oan36- ————— - ~——
26 Toba 0.771525 01 1. 6840
27 11.37 0.3445° C1 Ne5251
24 11.3% 0.34457 01 0.3101
2o 115377 03445501 0T —
3¢ 17 .05 Gelbilt €1 G.2561
31 17.7°9 G.15317 01 0.341%
32 17 0% c.15317 01 %.39%5
3 0 PNt e (G 2NN O NS CeTH — 7"~
33 S (05A5E G 0.1023
35 25455 b GO 0.1034
C 36 32444 Y ] 0.0152
3 ERRRT -0, 0172 . o] 0.0151
38 30 o 44 0,060 . 09 0.0150
39 5707 -0, 0008 . (4] 0.0002
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40

ST 67 -0.0008 0.1344% 00 0.0002
41 57467 =0.0009 0.1344> 00 - 0.0002
Ly GHTH0 oroony TTTOTSYISE=01 =070000G
43 3659 0.0001 0.5375i:~01 -0.C000
44 86 . 59 0. 0001 G.53755~01 -0.00090
45 125.75 -0.C000 0.26565%-C1 0. 0000
0 1293575 =TCeCG 3726550 =01 0.0C0C0
47 12¢.75 =0.0C00 0,26550-C1 0.0000
43 194 .62 G.CO00 N.11805-01 -0.0609
47 14,52 0.0t 00 0.11C0E-01 -0.0000
517 12477752 ULTrGe O ROE=(T" =035 00CT
51 271.93 =-0.0(60 0.5245C-02 0. 0000
52 251.53 =0.0000 05245502 ¢.0009
53 231.33 =0.00C0 . 0.5245E-C2 C. 0000
5% 37?3 OvO0CT 0°2°2102=-02 =DJCO00
55 321493 0.0000 0.2910E-02 -0.00C0O
56 371493 0.00¢00 0.2910%-02 -0.0000
57 431493 -N.0000 C.l 847562 0.C000
56 4TS =UvOCee Vot ueTT=02 0-00Ce
59 421 .93 =0.0(0C 0.12470-02 0.00092
60 571.73 0.0007 0.1276E-C2 -0.00G60
&1 531.93 0.06G(C C.1276F-02 =0.co0¢
62 51133 [y 53840282 0T1276T=(2 =000
63 63143 -0.0000 0.9337£-03 0. 6090
64 621.%3 -0.0060 0.9337E-C3 0.00600
65 671.73 =0.00¢0 0.9327E-03 0. G000
66 K ULCeCOo 05T I251=C3 =0T000G T T
67 i21.93 G.0000 0.7121E-03 ~0. 0000
68 731473 0.0000 0.7124£-03 -0.0000
69 335.73 ~0.00CG G 6400503 0.0000
10 E353713 =03T006G0 GIaENNT=03 0T0C00
71 $535.73 -0.0000 0.640CE-03 0.0000
12 eGl .44 0.0C00 0.55016-C3 =0.00609
73 20} .44 0.0009 0.55017-C3 —-0.0C00
T3 SOOIy 00000 079501503 =0y0000
i5- 1200.C0 =0.,0040 0.4470E-03 Q. 0CCH
“ 16 1500, 00 =0, 0000 0.4470E-03 0.0000
11 1080 .C0 -0.000C C.44705-03 _ 0.0000 DR
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3.8 STFREE - PROGRAM FOR SOLVING STEADY, FREE SURFACE FLOW
USING TRIANGULAR ELEMENTS

The program STFREE is used to analyse steady, two-dimensional flow
in an unconfined aquifer. The presence of a free surface and/or a
seepage face at the well is taken into account. Only fully penetrating
wells with or without gravel packing are considered. For a partially
penetrating well, the program neglects the portion of aquifer which lies
directly below the bottom of the well. Up to 5 screened intervals can be

handled in the current version.

Figures 22 and 23 show the input data form and completed form for a
sample run. Two problems were solved, with IVEL = 1 and IDISCR = 1. The
first problem involves steady two-regime flow towards a gravel packed well
which is fully screened through the saturated thickness of the aquifer.
The second problem involves steady, two-regime flow towards a partially
screened well. For both problems, results were obtained for a value of
HW equal to 10 ft, above the base of aquifer. (In this program, all
values of the hydraulic head are measured from the aquifer base.) The
printed output is shown on pages 94 to 104. It consists of the

following:
(1) a reformatted playback of the input data;

(ii) the generated discretisation data, which consists
of node connections of elements, nodal
co-ordinates, top boundary nodes and their radial
co-ordinates, a list of nodes of variable z-
co-ordinates and elements of variable shape, a
list of prescribed nodes and head values and the

length of the gross vector;

(iii) the first table of results for HW = 10 ft.,
which lists the node numbers, radial and vertical
co-ordinates, head values, Rho- and Tzi-
co-ordinates which are defined as P r/fss
¢ = z/m , and dimensionless drawdowns, s/sw

(not shown on pages 97 and 102);
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(Giv) the second table of results, which lists radial

co-ordinates and heights of the free surface nodes;

W) the third table of results, which lists all the
element numbers, radial and vertical components of
element velocities and values of the flow type
index IDARCY;

(vi) the final table of results, which lists all the

node numbers, radial co-ordinates, values of the

dimensionless well function W(u) = 2Thy(hy-h)K/qQ
and values of i{/u = r/r, . The value of the
non-linear flow parameter, A = lﬂQK/ZFHBHO is

also included in the table.

To ensure that no error was made in the preparation of input data,
a check was made on the discretisation data by plotting the nodal co-
ordinates and element connections. The plot is shown in Figure 24. The

well screen depicted in the figure is for problem 2.
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FIGURE 22: INPUT DATA FORM FOR STFREE

B
COMPUTER DATA SHEET PROGRAM STFREE ETEEEETEEE
Steady, free surface flow Date . .........
Specification Card
NPROB IVEL IDISCR ORELAX
| I E ] 1 (3110, F10.2)
Problem Data Cards
RW RO HO TH HTOL
a| _ [ [ [ ] ] (5F10.2)
IGP NSTEP
| [ ] (2110)
| AKX BK VCR
r ] I 7] (3F10.3)
AGP BGP VGP THGP " BTGP
[ | | | | | (5F10.3)

(Omit this card if IGP = 0)

HW
1 | (F10.2)
FRLEN =~ SCFAC XLMAX TREG NMIN
[ [ l [ I I (3F10.2, 2110)
~ NDSC . NSCREN
O I 1 (2110)
XSCR HSCR

(2F1C.2)

No. of cards = NSCREN



FIGURE 23:
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COMPLETED FORM FOR 2 SAMPLE PROBLEMS

COMPUTER DATA SHEET

PROGRAM STFREE
Steady, free surface flow

.............

Specification Card

~ NPROB IVEL IDISCR ORELAX
[ 2 I 1 [ 1 [ 1.50
Problem Data Cards
RW RO HO TH HTOL
[ 0,50 [ 1000.00 | 50.00 | 50.00 ™ 0.20
IGP NSTEP
| 1 | > ] (2110)
AK BK VCR
[ 10.000 [ 20.000 [ 0.0125 | (3F10.3)
- AGP BGP VGP THGP © BTGP
[ 1,000 [ 2.000 | 0.125 [ 0.500 | 0.000
: .(Omit this card if IGP = 0)
HW
(10,00 | (F10.2)
FRLEN SCFAC XLMAX IREG NMIN
| 0.10 | 1.50 | 150.00 | 2 | 2
NDSC NSCREN

L7 [ 1]

XSCR : HSCR
0.00 50.00

No. of cards = NSCREN

(2110)

(2F10.2)

(3110, F10.2)

(5F10.2)

(5F10.3)

(3F10.2, 2110)
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: ' By P. H
| COMPUTER DATA SHEET PROGRAM STFREE y P..1 uyakgrn.
: Steady, free surface flow Date , 14/12/73
Specification Card
NPROB IVEL IDISCR ORELAX
C 1 | ~ [ ] (3110, F10.2)
Problem Data Cards
: RW RO HO TH HTOL
[T 7100 [ 1000.00 | 50.00 | 50.00 [ 0.20 | (5F10.2)
IGP NSTEP
[ 0 [ 2 ] (2110)
AK BK VCR
[ 1000 | 2000 | 0.125 ] (3F10.3)
AGP BGP VGP THGP " BTGP
L I I l [ ] (5F10.3)

(Omit this card if IGP = 0)

HW
L_10.00 ] (F10.2)
" FRLEN SCFAC XLMAX IREG NMIN
L 0.30 | 1.50 [ 150.00 [ 2 [ 2 ] (3F10.2, 2110)
NDSC NSCREN
_7 I 1] (2110)
XSCR HSCR
1 20.00 30.00

(2F1C.2)

~No. of cards = NSCREN
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- TR Ah 1 N FTEELL TR L n R
PEAPLEH HUMATK  # 1 *
FAR G A Ak ey Ak sk Sk gt oy sk sml oy Se s ok

GENERAL INPUT
RADIUS OF WELL # 0

DETA

«50

EXTERNAL RADIUS #  1007.C0

- {ETGHT O HATER —TARL T AT EXTERNAL RADIUS 3~ 50300

INITIAL SATURATED THICKN

=SS OF AQUIFER . # 50.60

BV ER=FEELAXATI N FACTOR
PRESCRIBCD HLAD TOLTFANC

L 150

E 4 0.20

———GRAVELPACKTHNOE X#
APPLY 2 STEP ITERATIVE

I
SCHEME

AQUIFER PRCPER
FORCHHEIMER COEFF. A £

TIES
10.0000

FORCHHEIMER COZFF. B £
CRITICAL FLOW VELLGCITY

20.0000
# 0.0125

GRAVEL PACK PR

IPCRTIES

_COEFFICIENT A # 1.0000

SRR CIENT B2, CO00

CRITICAL VELDCITY #

0.1250

'—“TT———ﬁﬁEfFTGTﬁHT—K—#‘_—-"fTﬁOUG . . .

. THICKNESS OF PACK #

0.50

RADIUS OF PACK # 1.0 .

_ . SIREEN NO. BASE HEIGHT LERGTH

1 G.0 50.00

 DISCRETISATION DATA

IDEMTIFICATION OF ELEMcRTS — WODE CUNNECTIAONS

ELEM NOD NCDEL NODE 2

NAODE3 EEPETIVION MUMBER
1 -1 10 2 -
2 3 11 4 1
3 5 12 5 1
4 2 10 11 2
5 % 13- 12— = 2
& 6 12 13 2
7 2 11 3 3
3 4 12 5 3
3 & 13—- T 3
10 10 16 il 4
11 11 17 12 4
12 12 18 13 4
i 3 11 —-16 -17 5
14 12 17 13 5
15. 13 13 1?2 5
16 16 21 17 6
| 17 22—~ -8 ik - —
13 1& 23 1o 2
19 LY 21 22 <
20 16 22 23 1n
-2 11— - —=21 — -3 T I I I —
22 22 25 23 11
23 22 25 26 12
24 23 26 27 12
N— 25 25 29 213 13 —
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3.9 TRFREE - PROGRAM FOR SOLVING TRANSIENT, FREE SURFACE FLOW
USING TRIANGULAR ELEMENTS

The program TRFREE is used to analyse transient, free surface flow
in an unconfined aquifer. Unlike TRCON1, which considers only radial flow
components and assumes constant saturated thickness of the unconfined
aquifer, this program performs a two-dimensional analysis and considers
‘the presence of the free surface and/or the seepage face. It can handle
fully and partially penetrating wells with or without gravel packs. For
a partially penetrating well, the portion of aquifer directly below the

base of the well is neglected. Up to 5 screened intervals may be used.

Figures 25 and 26 show the input data form and completed form for a
sample run. One problem was solved, with IVEL = 0 and IDISCR = 1. The
problem involves transient, two-regime flow towards a well which is fully
- screened through the initial saturated thickness of the aquifer. Numerical
solutions were obtained for 10 time steps. All values of the hydraulic .
head are measured from the base of the aquifer. A portion of the printed

output is shown on pages 110 to 120. It consists of the following:
1) a reformatted playback of input data;

(ii) the generated discretisation data, which
consists of connections of elements, modal
co-ordinates, a list of top boundary nodes
and their radial co-ordinates and elements

of variable shape and the length of the gross

vector;

(iii) tabies-of results for time values at the
mid-point and the end of the first time step;
(Included in these tables are the result of
jteration for correct well discharge, radial
co-ordinates and heights of the free surface
nodes, a list of all the node numbers,
radial and vertical co-ordinates, values of
the dimensionless time 1ju = +Kt/€%% and

values of the well function W(u) = 47TKhos/Q,
where s = ho-h )
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- (iv) tables of results for time values at the
mid-point and the end of time step

number 10.

A number of punched cards were also produced by the program. The
information contained in these cards is nodal values of the hydraulic
head and flux at the end of the final time step. As in TRCON1 and
TRCON3, the punched cards may be added to the input data deck to rerun

the program from time step number 10 onwards.



FIGURE 25:

INPUT DATA FORM FOR TRFREE
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COMPUTER DATA SHEET

PROGRAM TRFREE

Transient, free surface flow

.............

...........

Specification Card

NPROB IVEL IDISCR ORELAX
r ] 1 I (3110, F10.2)
Problem Data Cards
RW RO HO TH HTOL
L | | 1 ] (5F10.2)
QFIX RCSNG  QRTOL
{ ] ] (3F10.2)
AK BK VCR SS SY DINDEX
L ] t l [ ] (6E10.2)
IGP " IBOUND IWBC NSTEP
| | ] I (4110)
AGP BGP VGP THGP BTGP
L | | ] ] (5F10.3)
(Omit this card if IGP = 0)
NTICR ITST TFACTR TMUL DTMUL
L j [ | ] (2110, 3F10.2)
FRLEN SCFAC XLMAX IREG NMIN
r I [ I 1 (3F10.2, 2110)
NDSC NSCREN
[ I (2110)
XSCR HSCR

(2F10.2)
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0.00

(2F10.2)

FIGURE 26: COMPLETED FORM FOR SAMPLE PROBLEM
' COMPUTER DATA SHEET PROGRAM_TRFREE By P. Huyakorn
. T 3
ransient, free surface flow Date '.14[12123.
Specification Card
NPROB IVEL IDISCR ORELAX
[ 1 | 0 1 1 l 1 o001 (3110, F10.2)
Problem Data Cards
RW RO HO TH HTOL
[ 0.50 [ 1000.00 | 50.00 | 50.00 [ 0.20 l (5F10.2)
QFIX RCSNG QRTOL
(100.00 | 0.5 1 _0.01 ] (3F10.2)
: AK BK VCR SS SY ~ DINDEX
(0.10E02 | 0.20802 | _ 0.60E-01 | 0.10E-04 | 0.20E00 | 0.00EQQ | (6E10.2)
16P " I BOUND. IWBC NSTEP
L 0 I 0 I 0 l 2 ] (4110)
AGP BGP VGP THGP BTGP
[ T I [ j ] (5F10.3)
(Omit this card if IGP = 0)
NTICR - ITST TFACTR TMUL DTMUL
T [ 1 [ 100.00 [ 2,00 1 0.00 | (2110, 3F10.2)
FRLEN SCFAC XLMAX IREG NMIN
[ 03 1 1.50 1 150.00 | 2 2 ] (3F10.2, 2110)
. NDSC NSCREN
11 1T 1 ] (2110)
XSCR HSCR
50,00
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e e ow e i e B Y T L L R L L R P T T T T3 3 5 2 X 2 1 T Sy - . S
:t$$x¢#$$¢$$$#§§Egkggtﬁﬁi%&ﬁt#ﬁ*#m*ti##t*t#*#*###1
GENERAL INPUT DATA
-~ RADIUS OF WELL # 0.50 -=mm=—e —
EXTERNAL RADIUS #  1003.00
e———— INITIAL HEIGHT OF WATER TABLE #-—-—50.00— - —-
INITIAL SATURATEO THICKNESS OF AQUIFER ¥ 56.00
et e QVER-RELAXATION FACTOR # — — 1,00 -————————— —_— —
PRESCRIBED HEAD TOLERANCE # 0.20
e - PRESCRIBED WELL DISCHARGE ~ # -——100.00" - - —_—
DISCHARGE TOLERANCE RATIO # 0.010
” ' AQUIFER PROPERTIES o
FORCHHEIMER COEFF. A ¢  10.0000
T T FORCHHEIMER COEFF. 8 #  20.0000 )

GRITICAL FLOW VELOCITY #  0.0600

SPECIFIC STORAGE  # 0.100E-04
SPECIFIC YIELD ¥ 0.200E 00

RECIPROCAL OF DELAYED INDEX # 0.0
. GRAVEL PACK INDEX # O

———————BOUNDARY INDEX  #- -0

 HELL B.C. INDEX ¥ 1
s ADOPT 2 STEP FRCE SURFACE ITERATIVE-SCREME - -
SCREEN NO. BASE HEIGHT LENGTH
1 0.0 50.00
DISCRETISATION DATA

IDENTIFICATION OF ELEMENTS — NODE CONNECTIONS

I 4 B 2 U W WIN NP 7 s =

ELEM NO NODEL NODE2 NODE3
- ———— - — e _l P e m— e s _.1. e i = = -.___16 ...... s __-_,.__.-z e e e e 1
2 3 17 4
3 5 18 6
4 T i9 8 o
T - e T 4" S 1
6 2 16 17
7 4 17 18
8 6 18 19 o
S b A e - 9 . o m—————— . a i ——— e — 19 e e e i i 20 B ———
10 10 20 21
11 2 17 3
12 4 18 5
- - - - 13 . 6 R 19 ..... - e T
14 8 20 9
15 10 21 11
16 16 26 17 L
R ¥ R 3 e 27 R ¥
18 18 28 19
19 19 29 20
20 20 30 21
- 21 17 26 27
22 18 27 28
23 19 28 29
24 20 29 3
T 25 -2l - 30 R
26 26 35 27
27 21 35 28
28 2 n 29 L
—-- 29 29 38 - 30 .
30 30 39 31 :
31 27 35 36

ORI
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NODAL COORDINATES
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Top BOUNDARY_NODES AND RADIAL COORDINATES.

NODE NUMBER R-COORDINATE SURFACE HEIGHT
o 15 _ 0.50 o 49.99
23 0+£0 50200
3% 1225 50 200
42 - - e 108 38300 - -
49 2494 50.00
54 4o b 50 .00
53 6273 50200
e B P Y 0 € I e e = 30200 :
64 1528 5000
66 2297 30200
68 34.50 50.00
N . -1 I [ EE— 36100 e e
72 7275 50200
1% 116267 50200
16 175.06 50.00
T8 262 .64 50.00
80 594100 30-00
82 544,00 50.00
84 694.C0 50.00
a6 T58 42 50.00
o e 88 e - M- SRR T 4 i
90 100000 50-00
T NODES OF FLEXIBLE Z-COORDINATES e
12 13 14 15 22 23 24 25 32 33
- A e 1 e Bl Y T L U [ i g ]
34 40 41 4 . 53 54 58
T "ELEMENTS OF VARIABLE SHAPE ARE NUMBER S8 TO 121
T T LENGTH OF GROSS vECTGR ¢ 654 ) o T T
T ek A ok s et ook S R S AR - o
i TIME STEP NUMBER # *
****1’*#*#¥**f**#***#K‘****#****#*#*
********#****#***##Z‘***#*1‘#‘-**#*$**¢*****
— e TINE # 0.314F 00~ -~ % -—— — - - -
**********1‘##***?—**‘ **1‘*1’*#**#1‘**#*5«***‘*
77 TESTIMATED RADIUS OF INFLUENCE #  1000.00
. CORRESPONDING NO. OF NODES # 90 o
CORRESPONDING NO. OF ELEMENTS  # 121
" CORRESPONDING COMPONENT OF VECTOR NOVEC __# 22 - o
DISCHARGE ITERATION NUMBER  # 1
HEAD INCREMENT  #  =39.240 B L
HEAD VALUE #  10.760
" NUMBER OF ITERATIONS REQUIRED # 2
TOLERANCE COUNTER FOR HEAD # O _
ABSOLUTE MAXIMUM ERRCR IN HEAD  # 0.0326
DISCHARGE FROM AQUIFER INTO WELL #  136.3077
o _ DISCHARGE FROM WELL STORAGE # 984100 e L
" TOTAL CALCULATED DISCHARGE  # 234,408
-~ __RESIDUAL DISCHARGE "’_v_mmmx__lgéfgp?é____ﬂ__“__ I _ o
DISCHARGE ITERATION NUMBER  #
o HEAD INCREMENT # ~-1l.492 . . e
" HMEAD VALUE &  38.508
NUMBER OF 1TERATIONS REQUIRED # 2
<+ -~ TOLERANCE COUNTER FOR HE&D ~ # O - -=rn— —r——or—mmmmmmmen s e — -
ABSOLUTE MAXIMUK ERRCR IN HEAD  # 0.0629
DISCHARGE FROM AQUIFER INTO NELL  # 70.8378
DISCHARGE FROM WELL STORAGE # 28,730 o T T -
TOTAL CALCULATED DISCHARGE  # 99.568

RESIDUAL DISCHARGE # - 0.4325 T
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T2 TT75 50,00 49,9996
13 116.67 0.0 49,9682
74 116,67 50.00 49,9999
—— - 75 - 115.06 - -7 000 S 4909962 -
16 175 .06 50.00 50,0001
17 202,64 0.0 49,9996
13 262 .64 50.00 49,7998
- 19 394,00 0.0 - - 50.0000 e
80 394,00 50.00 50.0000
81 944 .00 0.0 49,9999
82 544 .00 50.00 50.0000
B il 3 JE il 1 SR 0 X6} e ¢ A ¢ it 49,9999 -
84 694 .00 50.00 50.0000
85 T58.42 0.0 49.9999
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87 855.05 0.0 50.0000
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89 1000.00 . 50,0000
90 1000.00 50.00 50,0000
N 0 o e S o ket ek o ek ok SR s R Aok o
* TIME # 0.629E 0Q *
e+ e AR R MR R AR R o e ook e R AR K e oo B

—~———- DISCHARGE ITERATION NUMBER ~—# -1 -
' HEAD INCREMENT #  ~-11.665 '

e HEAD VALUE - # -~~~ 26,843 ~———="

--—————NUMBER OF ITERATIONS REQUIRED ¢ - 2

TOLERANCE COUNTER FOR HEAD # 0

ABSOLUTE MAXIMUM ERROR IN HEAD & 0.0354

DISCHARGE FROM AQUIFER INTO WELL #  107.1969

DISCHARGE FROM WELL STORAGE ¥ 29.162
TOTAL CALCULATED DISCHARGE  # 136.359
. RESIDUAL DISCHARGE .. % 36.3591 -
~ DISCHARGE ITERATION NUMBER = # 2

HEAD INCREMENY #  -3.939

HEAD VALUE # 34.569

NUMBER OF ITERATIONS REQUIRED # 2
e TOLERANCE COUNTER FOR HEAD ~ # 0

ABSOLUTE MAXIMUM ERRCR IN HEAD & 0.0178
DISCHARGE FROM AQUIFER INTO WELL  # 84.4069

_ DISCHARGE FROM WELL STORAGE # ~  9.847 e
TOTAL CALCULATED OISCHAFRGE # 94,254

 RESIDUAL DISCHARGE . ¥ 5.T459 i
'DISCHARGE ITERATION NUMBER £ 3

_ HEAD INCREMENT #  ~4.993
HEAD VALUE #  33.515

' NUMBER OF ITERATIONS REGUIRED # 2
= = - TOLERANCE COUNTER FOR HEAD  f O -~ —  -owomm= =mm o
ABSOLUTE MAXIMUM ERROR IN HEAD  # 0.0165
DISCHARGE FROM AQUIFER INTD WELL # 67.7618
“ DISCHMARGE FROM WELL STORAGE # 12.483
TOTAL CALCULATED OISCHARGE  # 100.245

“v= RESIDUAL DISCHARGE  ~ - #  0.2448
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61 10.15 49.95 49.9534% 0.21T0E 03 0.02
- - - x4 - 62
62 ~15.28 . 0.0 46,5869 0.9618F 02 1.9155
SRS 63 15.28 20.00 S 4T JAT9T - 0.9618F 02 - - 1.4l 44
6g 15.28 49,39 49,9888 0.9618E 02 0.0063
6 22.G67 0.0 47 .6%62 0.4255F 02 1.3154
66 22.97 49,95 49,5490 0.4256E 02 0.06236
67 34.50 0.0 - 4B.6342 0.1386E 02 - C.7665
gg ;?.50 50.00 43,9985 0.1886F 02 0.0008
51.80 0.0 49.3433 0.8367F 01 A 0.3686
10 51.80 50.00 49.9966 0.8367E Gl 0.0019
R £ | ;;.75 e 040 =49 TH25 0.37114EF 01 —e = 0,1333
12 .75 50.00 49,9950 0.3714F 01 0.9006
13 116 .67 0.0 49,9430 0.1649F 01 0.0320
T4 116.67 50.00 49,9996 0.1649E C1 0.0002
e = PG - 175.06 =~ == 0.0 - 49,9923 0.7325F 00Q - 0.0043
716 115.09 50.00 50.0002 0.T325F €O -0.0001
17 26264 0.0 46,9992 0.3255E 00 0.0205
76 262 .64 50.00 49,9996 0.3255E CO 0.0002
i PG e e 394, () == 0.0 e 40,6999 - ——— 0 1446F 00 - - 0.0000
80 394.00 50.00 49,9599 D.l446F 00 0.0000
gl 244.00 0.0 49.9999 0.1586E-01 0.0001
82 544400 50.00 49.9999 0.7586Z-01 0.C0C0
e e B3 ¢ - e §G4 00 - == 0.0 == 49 939G e 0.4661E-01 - - 0.0001 -
84 694.00 50.00 45,9999 0.46615-01 0.0001
85 T58.42 0.0 49,9999 0.3503E-01 0.5001
86 158 .42 50.00 49,9939 0.3903E-01 0.0000
e === B = = === 855,05 T 0.0 ot 4§ ,9999 ———— - g 3070E~0Q] - s —-—— - 0, 0000
88 855.05 50.00 49.9399 0.3070E-0L 0.0001
89 1000.00 0.0 50.0000 0.2245€6-0} .0
30 1000.00 50.00 50.0000 0.2245E~01 0.2

KRR FE AR AEERERE AR K F R KR RL R R %
* TIME STEP NUMBER # 10 *
sk e o ok oK o o SR 3k ke e o ok ok ol o ek

TN E xRk kxR ek ko hkk ok ko ok ok kb k

: TIME & 0.241 3 - * -
ok ok R ok oAk oK o g b o oo e ok ok Ok oo

ESTIMATED RADIUS OF INFLUENCE # 1000.00
CORRESPONDING NO. OF NODES # 90

CORRESPONDING NO. OF ELEMENTS # 121

 DISCHARGE ITERATION NUMBER  # 1
HEAD INCREMENT _#  -1.922

HEAD VALUE # 14.836

NUMBER OF ITERATIONS REQUIRED # 2

) _ TOLERANCE COUNTER FOR HEAD  # O o - e
ABSOLUTE MAXIMUM ERROR IN HEAD  # 0.0632 -

 DISCHARGE FROM AQUIFER INTO WELL & 98.8546

 DISCHARGE FROM WELL STORAGE #  __ 0.019 B e
TOTAL CALCULATED DISCHARGE # 98.873 '

. _ RESIDUAL DISCHARGE %  l.266 . e o

" DISCHARGE ITERATION NUMBER  # 2
HEAD INCREMENT #  -2.825 e o

HEAD VALUE # 13.933

NUMBER OF ITERATIONS REQUIRED # 2

TOLERANCE COUNTER FOR HEAD # 0 oo

ABSOLUTE MAXIMUM ERROR IN MEAD  # 0.1631
DISCHARGE FROM AQUIFER INTO WELL & 99,6348

DISCHARGE FROM WELL STORAGE # .- 0.028 - -

TOTAL CALCULATED DISCHARGE  # 99.662

U= RESIDUAL OISCHARGE © % 0.3376
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4. LISTINGS OF THE PROGRAMS

4.1 LISTING OF STCON1
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INTEGRATED WELL~AQUIFER SOLUTION SYSTEM.

DEVELOPED BY P.S. HUYAKORN.

STCON1,PROGRAM FDR ANALYSINS STEADY,ONE-DIMENSIONAL DARCY OR TWO-REGIME
FLOW TOWARDS A PUMPED WELL.

VERSION DATED OCTOBER, 1973,

FOR FURTHER INFORMATION¢ CONTACT

P.S‘

HUYAKORN OR C.R. DUDGEON

WATER RESEARCH L ABORATORY

KING ST.sMANLY VALE

SYDNEY NeS.He 2093, AUSTRAL TA.

—

LIST OF INPUT VARIABLES

ALL READ STATEMENTS ARE LOCATED IN THE MAIN

*
»
*

»
*
*

PROGRAM AND INDICATED BY $1 DR $1,SK SIGN

PROBLEM VARIABLES %¥x

NPRDB
TVEL

IDISCR

ORELAX

8K

VCR
1Gp

TAQTA
IWBC

AGP
BGP
vGpP
THGP
PA
THA
HW
QFIX

n

NUMBER OF PROBLEMS YO BE SOLVED

VELOCITY PRINT-OUT INDEX.FEED IN IVEL=0 IF VELOCITY PRINT-OUT
IS NOT REQUIRED OTHERWISE FEED IM IVEL=1

DISCRETISATICN DATA PRINT-0UT INCEX

FEED IN IDISCR=0 1Ff DISCRETISATION PRINT-OUT IS NOT REQUIRED
OTHERWISE FEEZD IN IDISCR=1

OVER-REL AXATION FACTOR FOR NON-LINEAR HEAD ITERATION
SUGGESTED VALUE LITCS BETWEEN 1.50 TO 1.85

RADIUS OF WELL SCREEN

EXTERNAL RADIUS JR RADIUS OF INFLUENCE

HEIGHT OR DRAKDOWN OF WATER TABLE AT THE EXTERNAL RADIUS
THICKNESS OF AQUIFER

HEAD TOLERANCE FOR NON-LINEAR ITERATION ON HEAD VALUES
SUGGESTED VALUE IS 0.10 OR A FEW PERCENT OF HO-HW
FORCHHEIMER LINEAR HYDRAULIC COEFFICIENT OF AQUIFER

FEED IN AK=1./PM IF ONLY DARCY FLOW SOLUTICN IS REQUIRED
WHERE PH = COEFFICIENT OF PERMEABILITY OF AQUIFER
= . NON-LINEAR HYDRAULIC COEFFICIENT OF AQUIFER
. IF ONLY DARCY FLODW SOLUTION 1S REQUIRED SET BK=).

CRITICAL FLOW VELOCITY WHERE MNON-DARCY FLOW COMMENCES
GRAVEL PACK INDEX, IGP=1 FOR GRAVEL PACKED WELL,

1GP=0 FOR NON-GRAVEL PACKED WELL

AQUITARD INDEXyIAQTA=1 IF THERE IS AN OVERLYING AQUITARD
1AQTA=0 IF THE MAIN AQUIFER IS CONFINED 8Y [MPERMEABLE STRATA
WELL BOUNDARY CONDITION INDEX.IW5C=0 [F MELL DISCHARG

1S PRESCRIBED, IW8C=1 IF WELL DPRAWDUOWN OR HCAD IS PRESCRIBED
LINEAR HYDRAULIC COEFFICIENT OF GRAVEL PACK MATERIAL

NON-L INEAR HYDRAJULIC COEFFICIENT COF GRAVEL PACK MATERIAL
CRITICAL FLOW VELOCITY FOR GRAVEL PACK MATERIAL

THICKNESS OF GRAVEL PACK

COEFFICIENT OF PCRMEABILITY OF OVERLYIHG AQUITARD

THICKNESS OF OVERLYING AQUITARD

HEIGHY DF WATER LEVEL IN THE WELL OR WELL ORARDOWN
PRESCRIBED WELL DISCHARGE

]

" [ I} "

n

DISCRETISATION PARAMETERS **%

NELF
SCFAC

FRLEN

= NUMBER OF 3-NODE LINE ELEMENTS IN FIRST SUBREGION

SUGGESTED VALUE IS NELF=2

SCALE FACTOR TO BE USED IN COMPUTING THE LENGTHS OF REMAINING
SUBREGIONS.SUGGESTED VALUE [S SCFAC=2.0

LENGTH OF FIRST SUBREGION

SUGGESTED VALUE 1S FRLEN=4.%RW

FOR GRAVEL PACKED WELL,FRLEN MUST NOT EXCEED THICKNESS OF PACK

LIST OF

QUTPUT VARIABLES

NP ONPNONNARONANNONNNNNANOONONANNNNNANOANNNNNDN NANNMAONNNNANANOAMNNO0MANDANOENANc0ARCON0NOAGO

NNODC
NELEM
x

H
TLESS
HLESS
QwW
NOD
VEL
VHNE AN
IDARCY .

TOTAL NUNBER 0OF NIDES IN THE FINITE ELEMENT NETNDRK

TOTAL NUMZER OF ELEMENTS IN THE NETHGRK

NODAL RADIAL DISTANCES FROM CENTRE LIME OF PUMPED MWELL
NODAL nEAO0 OF DRAWDOWN VALUES

NODAL VALUES OF DIMCNSIONLESS RADIUS,1/0

NOOAL VALYES OF JLLL FUNCTION FOR STCADY FLOW,W{U)
DISCHARGE FROM AQUITER INTG WELL AT DRAWDOWN SW -
NODE CONNECTYINS SF ELEMENTS IN THE FINITE ELEMENT NETWORK
ELEMENT YELOCITIES

AVERAGE NOBAL VELOCITIES
IRDEX T3 INGICATE IF A PARTICULAR ELEMENT BELONGS TO OARCY

OR NON-DARCY ZUME, JDARCY=0 FOR ELEMENTS IN THE DARCY IONE.
TDARCY«1 FOR ELEMENTS [N THE NON-DARCY ZONE



OCONO

OO0 O

(g Xz X

SO0

DIMENS ION X{20041), NOD( 150, 6) ;NBAND( 200} ,10{200}
DIMENS ION MUE40) s XLENL4D ) NNEL4O), JBD(2),DISP(2)
DIMENSIGN XEN{6) ¢HE{6) yDELKIG,+6)

DIMENS [ON VK L1000) s CKU200, 11y HI 200)y VEL{ 15046} y VMEAN{ 200,11}

DIMENSION SELK(646),2EN{6),DSHFLG)
DIMENSION 1°ROP(150),IDARCY(150),HDAR{20D}
DIMENS ION WK(10),VvD(1000}

DATA NREAD,NPRINT/1,43/
PRINT INITIAL HEADINGS

HRITEUNPRINT, 1003}
HRITE(NPRINT, 1013}
HRITE(NPRINT41023)
WRITEINPRINT,1013)
WRITE{NPRINT,1033)
HRITE(NPRINY,1013)
HRITE(NPRINT,lOOB)

123,

993 FORMAT ( #1%, 4 Xy S1H *%kacdtdokoksdomimor sk ookt dedesk ot fode Aok oo ook

1003

1%x%)

FORMAT {5X 51 H *#**#*****t****#*************t****#*$*$**#t***‘#**).

1013 FORMAT(SX,51H *

1023 FORMAT(5X,51H *

1033

1011

FINITE ELEMENT ANALYSIS OF

FORMAT (6X 1% STEADY STATE,INE-DIMENSIONAL,CONFINED FLOW.

1Ts=1

ITND=20

READ(NREAD,1011INPROB, IVELsIDISCR,ORELAX
FORMAT (3110, F10.2)

D0 9005 JPRO=1,NPROB
WRITE(NPRINT,9003)JPRO

9003 FORMAT(///,ZOX,SO('*'|./120X,'*'ngX.‘PROBLEM NUMBER

0001
2003
2004

23

2013

53

111

331

153

163
29

c
c
c

1 I6ngX,'*'g/y20X.50('*'))
READ AND PRINT GENERAL DATA

READ (NREAD, 2003} RW,RO4HO,TH,HTOL
FORMAT(S5F10.2)
WRITE (NPRINT,23) RW,RO,HO,TH,HTOL
FORMAT{// 415X, LBHGENERAL INPUT DATA,//,
1 10X,32HAQUIFER AND WELL CHARAFTERISTICS,I/g
310X419HRADIUS OF WELL = yFLO34/ /s
410X 422HRADIUS OF INFLUENCE = ,Fl0.33//,
510X 24HHE IGHT OF WATER TABLE = ,F10.3,//,
610Xy 24HTHICKNESS OF AQUIFER = ,F10.34//,

710X,y 39HTOLERANCE FOR SUCCESSIVE HEAD VALUES = +F10.3} ~

READ AQUIFER AND GRAVEL PACK DATA

READ(NREADs 2013)AK BKy YCR

FORMAT{3F10. 3}

GCR=AK*VCR+BK*VCR**2

PM=1./AK

IF{GCR.NE.O) PM=VCR/GCR

WRITE(NPRINT,53) AKqBK,VCR,PM

FORMAT(// /520Xy " AQUIFER PROPERTIES*///
10X, *CNEFFICIENT A =%F10.4//
10X, *COEFFICIENT B = 'qFlO.é//
10X *CRITICAL VELDCITY = ¢,F10.4//
10Xy "COEFFICIENT K = 'oF10.4//l

READ(NREAD,111)1GP, IAQTA, IWBC

FORMAT (3110}

RGP =RW

IF(IGP.EQ.C) GO TO 29 .

READ(NREADy 331)AGP s BGP, VGPy THGP

FORMAT (4F10.3})

GRGP=AGP*VGP+BGP*VGP**2

PMGP=1./AGP

IF(GRGPJNE.O) PMGP=VGP/GRGP

WRITE(NPRINT 4 153)AGP,BGP,VGP, PMGP

FORMAT (/7 /s 20Xy 'GRAVEL PACK PROPERTIES*///
10X, "COEFFICIENT A =%, Fl0.4//
10X*COEFFICIENT B = '9F10 46//
10X, *CRITICAL VELJCITY = *,F10.4//
10Xy *COEFFICIENT K =',Fl0.4s/}

RGP=RHWETHGP

WRITE (NPRINT, 1631 THGP4 RGP

FORHAT(lOXy'THICKNESS OF PACK = *,F10.2//

1 10X, 'RADIUS GF PACK = *,F10.2//}

CONTINUE

PN -

PWN -

READ AQUITARD DATA.

IFUIAQTAL.EQ.O) GO TO 39
READINREADs TLIPA, THA

%)

. ¥}

£4)

£l

T 81

$1

s1

$1

$1,SK
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71 FORMAT{F10.4,F10.2)
BFAC=PA/THA
WRITE (NPRINT 273 1PA,THA
273 FDRMAT(///.ZOX.‘AQUITARD PROPERTIESY o///,
1 10Xy YHYDRAULIC CONDUCTIVITY =¥ 4,F10.5//

2 10Xy * THICKNESS ='4Fl0.2/7/)
39 CONTINUE

READ PRESCRIBED VALUE OF WELL DRAWDOWN OR DISCHARGE

IFCUINBC.EQ.O0) GO TO 59
READ(HNREAD, 2023 )HW

2023 FORMAT(F10.2}

aO0

000 o00on. OO

o0

(2N a¥gl

GO TO 69

59 CONTINUE

- READINREAD,2023)QFIX
THPI=44./ 1.
QFL=QF I X/ (THPI*TH)

69 CONTINUE

GENERATE AND PRINT DISCRETIZATION PARAMETER.

READ(NREADy 391 INELF,SCFACs FRLEN
391 FORMATII10,2F10.2)
WRITE(NPRINT;1773) ORELAX
1773 FORMAT(10X, 'OVER-KELAXATION FACTOR =%,F10.4}
CALL DCRGEN(ROyRWNELF,SCFAC, FRLEN4NRR, NNE¢ My XLEN)
IF{IDISCR.EQ.O0) GJ T0 94
WRITE (NPRINT y 33)NELF, SCFAC,FRLEN
33 FORMAT(2(/)}415X,*DISCRETISATION DATAY,///,
10Xy "NUMBER OF ELEMENTS IN FIRST SUBREGION =%,110,/7/s
10Xy *SCALE FACTOR FOR ELEMENT LENGTH =%y F10.34///
10Xy *LENGTH OF FIRST SUBREGION ='42F10.3:///;

NP WN

17D

31 FORMAY (13)
DO 55 I=1,NRR o

4) FORMAT(2I3,F8.2) _ e e
HWRITE (NPRINT 443) IyH(I):XLEN(X) EEEE

43 FORMAT(5X,313,20X413,21XsF9.2} o L.

55 CONT INUE S

94 CONTINUE N : L
RI=RW . i . . . i
NFNOD=1) s
NNODE=0
NELEM=0
NSEL=1

DO &5 K=14NRR
NNODE=NNODE+ {NNE (K)-1)1%M(K]
. NELEM=NELEM+M(K)
65 CONTINUE
NNODE=NNODE+1

PRINT OUT NO OF NODES AND NJ OF ELEMS

. HRITE(NPRINT73) NNODE,NELEM .
13 FORMAT (3( /)y 12X, "TOTAL NUMBER OF NODES =%415,//,12X,
1*TOTAL NUMBER OF ELEMENTS ='g15)
DO 75 1I=14NRR
HM=MLII)
NN=NNE(I1)
XL=XLEN(II}

GENERATE THE NODE COORDINATES
CALL CORDCI{XL yMMy NNy Xy RINFNOD)
DISCRETIZE THE REGION INTO ELEMS

CALL CONC1(NSEL,NDD;NFRODsMMysNN)
NFNOD=NFNOD+ (NNELIT )-12#M(11)

75 CONTINUE
CALL HYPROP{IPROP,NELEN,RGPyX¢NQD)

FIND BANDWIDTH ETCaeae

NN=3

CALL EBFIND(NRAND,ID,LEN,NODy NELEM,NR,NNODE?
IF(IAQTA.EQ.0) GO TGO 200

FORM GROSS VECTOR, VD

2EN(11=~-1.0
ZEN(2)=1.0
ZEN(3)=0.0
DO 130 I=1,LEN

¢ SUBREGION ',10X;*'HO. OF ELEMENTS', 15X, *LENGTH OF SUBREGION®,

$1 45K

$1,SK

$1



o000

oo On

OO0

o00

oo

(220N 3]

130

VO(1)=0.0
CONTINUE

D0 135 IE=],NELEM
DO 145 J=1(NN

" NJ=NODI(TE,J)

145

135

200

99

599

182
82

300

305

355

155

365

350

106
86

105

XEN{JI=X{NJy 1}

CONTINUE

SC=1.

CALL ELGNDIXENyNN,DELK:IE;5C;0}

CALL MERBS({VDyNBAND,ID,UELKyNODsNN, IE’
CONTINUE

CONTYINUE

SET IDARCY

IFLITS.EQ.2) GO TO 599
DO 99 I=1,NELEM
IDARCY({1)=0

CONTINUE

CONTINUE

IFLITS.EQ.1) GO TD 82
DO 182 I=1,NNODE

H{1 )=HDAR(I)

CONTINVE

CONTINUE .

ZEN(1l)=~1.0
ZEN(2)=1.0
ZEN(3]1=0.0

SET UP LDOP FOR ITERATION ON HEAD
D0 999 IIl=ITS,ITND

ZERD GROSS STIFFNESS MATRIX

DO 3200 I=14LEN

VK{I}=0.0

CONTINUE

DD 305 1=1,NNODE
CK{I+11=0.0

CONTINUE

IF(IWBC.EQ.0) CK{ly 1)}=-QFL

COMPUTE STIFFNESS MATRIX FOR EACH ELEM AND MERGE

NN=3 : -
DO 350 IE=1,NELEM :

DO 355 J=1,NN

NJ=NOD(1E 4 J)

XENC(J)=X{NJ, 1)

1F(I11.EQ.1) GO TO 355

HE{J) =H(NJ)

CONTINUE

IFC IPROP(TE)-EQ.0) GO TO 755

AKK=AK

BKK=BK

PKK=PM

GO TO 365

CONTINUE

AKK=AGP

BKK=BGP

PKK=PMGP

CONTINUE

CALL ELGENL(XENsNYy SELK,AKK,BKKyHE 4 PKK+IDARCY, 1E,01
CALL MERBS(VK,NBAND 1Dy SELKNODyNN,IE)
CONTINUE

ADD LEAKAGE TERM CONTRIBUTED BY AQUITARD.

IFCIAQTA.EQ.O0) GO TO 86
FTERM=BFAC/TH

DD 106 I=1l,LEN
VKI1)=vK{I)+VvD{I)*F TERHK
CONT INUE

SOLVE EQNS B8Y BANDED EL IMINATION SCHEME

NBAN=NBAND(1}

DO 105 I=1,NBAN

WK(I)=VK(I)

CONTINUE

NBD=1 _

JBD( 1) =NNODE

DISP(1)=HO .
CALL PBCINBD,JBDsCKDISP, 1Dy ¥YK)

~ FIX WELL DRAWDOWN.

IF(IWBC.EQ.0) GO TO 496
JBD(1) =1 ,
DISP(1)uHW

125,



126.

CALL PBC(NBD,JBD, CK;DISP.!D‘VKi
496 CONTINUE
NLL= 1
_ CALL SOLVBS(CK,VK NBAND|NNGD[|NLLi

PRINT OUT SOLUTION FOR FUNCTIBN
ONLY THE DARCY AND FINAL SOLUTIONS

oannn

IF(III.EQ.L) GO YO 900
IF(IIT.NE<2) GO TO 410
GO TO 415

410 CONTINUE

415 CONTINUE
NCOUNT =0
EMAX=0.
DO 450 I=1,NNODE
EPSTI=CK{Ts1)-H(I}
EPSIS=EPSI
IF{ABSIEPSI).GT.EMAX) EMAX=ABS(EPSI}
IFIABS(EPSI).LE.HTOL) GO 1D 460
NCOUNT=NCCUNT+1
H{T}=H(1)+ORELAX*EPSIS
GO TO 450

460 CONTINUE
H(I )=CK{I,1}

450 CONTINUE
IF(NCGUNT.EQ.O) GO TO 1000
GO TO 1999

900 CONTINUE
DO 950 I=1,NNODE
H{I }=CK{1,1}
HDAR{I)=H{I)

950 CONTIHUE

1999 CONTINUE

REGENERATE IDARCY

(2R 2X 1]

DO 199 I=1,NELEH
CALL SETARG{AK;BK;PMs;AGP,BGP,PMGP,AKK,BKK, PKK.IPROP. )
CALL VCHECK{NODyHyX ¢ZENIDARCY s VEL yNNyJAKK,BKKsPKKyVCR,1}
199 CONTINUE
999 CONTINUE
1000 CONT INUE
WRITE(NPRINT,543)
543 FORMAT(///+:20X,26(" %'}, /420X, %%, 5X, *FINAL snLUTION'.sx.
1 Y 20K 260 %))
WRITEINPRINT+413)I11,EMAX
&13 FORMAT(////+ 10Xy "NDO . OF ITERATIONS REQUIRED =7,
| 15,/7+10X, YABSOLUTE MAXIMUM ERROR IN HCAD =f F10.3}
IF{NCDUNT.NE.O) GO TO 5000
WRITE(NPRINT ;433)
433 FORMAT{// 20X, "HEAD VERSUS RADIAL DISTANCE",//,
1 10Xy *NODE® 48Xy '"R-COORDINATE® 48Xy "HEAD VALUE"' 48X,
2 'Rno—conﬁof.sx.-TZI—CDURD-,Ill
HH=H(1} .
DO 470 !=1.NNGDE
RHD=0.5%X{1,1)/TH
T2I={HO-H{I))/{HO-HW}
HRITE(NPRINT,1953)1 4X(1,1),HU I} 4RHO,TZI
470 CONTINUE
1953 FORMAT{10XyI3,4[8X,FL0.4)])

EVALUATE NODAL VELOCITY FOR EACH ELEMENT

aoo0

IFLIVEL.EQ.O0) GO TO 7000

DO 3000 I=1,NELEM

CALL SETARG(AK,S8K,PM;AGP,BGP, PMGP 4 AKK, BKK,PKK,IPRDP 1)
CALL ?CHECKINGD'H.X.ZEN,IDARCY-VEL:NN.AKK,BKK,PKK.VCR.lI

3000 CONTINUE
AVERAGE THE VELDCITY AT EACH NODE

o0o

NN=3
CALL VAVEGILIVHEAN, VEL, NOD,NNJIDENELEM4NN}

TJ000 CONTINUE

TWPI=44.0/7.0
QW=0.0
DO 206 I=1,NEAN
QW=QW+HK({ I} =H{T)
206 CONTINUE
QR={—(THP I*TH*QW) )
WRITE (NPRINT,2001) QW
2001 FORMAY [ // /,10X,"DISCHARGE INTO HELL =*;Fl2.4)
BLEAK=RQO
IF{1AQTA.EQ.0) GD TO 4505
BLEAK=PM=TH=THA/PA
BLCAK=SQRT{BLEAX)
4505 CONTINUE
CaLL TCURVL (HeHD ¢ BLEAK s Xy NNODE y QW s AK ¢BKy PHMy THy 1) .
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5000 CONTINUE

IF SO RCQUIRED;USER MAY CALL HIS PLOYTING SUBROUTINES
AT THIS LOCATION.

COOOOOO0

THE FOLLOWING PLOTS MAY BE OBTAINED =

(1) DRAWDOWN VERSUS RADIUS CURVE,OBTAINED BY USING VRAIABLES H;
X NNODE -

(2) DIMENSICHLESS TYPE CURVES,OBTAINED BY USING VARIABLES HLESS,
TLE SS¢NNODE

(3] NODAL VELOCITY VERSUS RADIUS,OBTAINED BY USING VARIABLES
YME ANy X s HNODE

OO0 ANOEOOOO0000

9005 CONTINUE
G000 HRITE (NPRINT,9100)
9100 FORMAT (1Hl)
s1op
END
SUBROUTINE DCRGEN(RD, RWyNELFy SCFAC; FRLEN¢HRRyNNE M, XLEN)

GENERATES DISCRETISATION PARAMETERS.

OO0

DIMENS ION NNECL) M1}, XLEN(1)
MAXNR=40 . )
NNE(1)=3 : : *
XLEN(1)}=FRLEN
ML1)=NELF
RLEN=RO-RHW
SUM=XLEN( 1}
DO 10 I=2,MAXNR
XLENCT )=XLEN(T-1}*%SCFAC
SUM=SUM#XLENI(I)
MUI ) =NELF
IFINELF.GTL1} MIT)=NELF~1
IF(I.LEL3) MIT)=M(L])
NNE(T}=NNE(1)
JIF{SUMGT LRLEN) GO TO 20

10 CONTINUE

. 20 CONTINUE

: YXREM=RLEN®XLER[I}-5UM
NRR=]~-1

SUBDIVIDE THE REMAINING LENGTH.

o00

ELEN=XLEN({NRR}/M(NRR)
IF(XREM.LE.ELEN) GO YO 30
NRR=NRR+1
M{NRR)=XREM/ELEN
XLEN(NRR) =XREM
GO.TO 40

30 CONTINUE
XREM= XREM+XL EN(NRR) +XLEMINRR-1)
XLEN{NRR—1}=XREM/(1.+SCFAC)
XLEN{HRR) =XL EN{NRR- 1} *SCFAC

40 CONTINUE
RETURN
END
SUBROUTINE CORDCLUIXLyMMeNN¢X¢RI¢NFNOD)

ono

GENERATES NODAL COORDINATES.

DIMENSION X(200411
DXL=XL/ (MMX(HNH-11)
NLNOD=NFNOD+ (NN-11%MM
00 10 J=NFNODHLNID
X(Jy 1) =RI+{J-NFNOD]) #DXL
10 CONTINUE
© RI=X{NLNOD,1}
RETURN
END
SUBROUTINE COHCYUNSEL,NODyNFNOD HMsNN)

DISCRETISES THE REGION INTQ 3-HODE LINE ELEMENTS.

DIMENS ION NDINT(61,NODU150,6}

O OO0

NOINT( 1)=NFNOD

NOINT(2)=NFNOD®2 -

NDINT{3)=NFNOD+1

NLST=HSEL #MM-1

DO 10 L=HSLL,HLST

DO 20 K=1,NN

MODIL ¢K)=MDINT {K )+ (L~=HSELI*(NN-1]
20 CONTINUE
10 CONTINUEG

NSEL=NLS5T+1



[z N gX

(s al2]

128.

RETURN
END
SUBROUTINE ELGND{XEM,NNDELKy1E,SCyIVERT)

* GENERATES ELEMENT MATRIX DELK FOR 3-NODE ELEMENTS.

40
50
60
10

90
80
70

15

30

25

35

40
50
60
10

90
80
T0

DIMENSION XEN(1)4DELK(646)4ZGSP(6)sHWC(6)4SHFLG)
DIMENSION DSHF(6])

NGP=3
IGSP{1)=0.7745%66692415
IGSP(2)=—-LGSPI(1]
IGSP{31=0.0
HC(1)=5.0/9.0
WC{2)=WCL1)
WC(3)=8.0/9.0

DO 15 I=1,NN

DO 15 J=1,NN
DELK(I,J)=0.0

CONTITHUE

DO 10 I=1,;NGP
ZE=IGSP(I}

CALL SHFUNI(XEN|I|ZE,NN:XE.DSHFlTJrSHF]
XC=XE

IF{IVERT.KE.O0) XC=1.0
DO 60 K=1,NN

DO 50 L=1,KN

IF(L-K) 50,40,40
DELK{KyL)=DELK(K LY +SHF (K)*SHF{ L) &XCE=WC (T }£SC%TY
CONTINUE

CONTINUE

CONTINUE

DD TO K=1,NN

DO B0 L=14NN

IF(L-K} 90,80, 80
DELK(KyL}=DELK{L,K}
CONTINUE

CONTINUE

RETURN

END

SUBROUT INE ELGENIIXEN;NN.SELK AKs BK'HEg?KK'IO&RCY.IE'[VERT'

GENERATES ELEMENT MATRIX SELK FOR 3—-NODE ELEHENTS.

DIMENSION XEN(1),SELKI646),HELL)

DIMENSION IGSP(6),HC(6),DSHFI 6)
DIMENSTON IDARCY(1},5HF{6)

NGP=3
26SP(11=0.7745966692415
ZGSP(2)=-2G5P (1)
Z65P{3)=0.0
WC(1)=5.0/9.0
MC{21=WC{1)
HC(3)=8.0/9.0
DO 15 I=1,KNN
DO 15 J=1,NN
SELK(1,4J)=0.0
CONTINUE
DO 10 1=1,NGP
ZE=ZGSPU1) _
CALL SHFUNL{XEN,T,ZEoNN,XE,DSHF, TJ.SHFI
IF(IVERT.NE.O)} XE=1.
IF(IDARCY(IE).EQ.0) GO 7O 25
HS=0.0
DO 30 JJ=1,NN
HS=HS+D SHF{JJ ) *HE(JJ)
CONTINUE
HS=ABS (HS/TJ)
TEMP=0, 5% AK+ SQRT (0. 25% AKE*2+BK*HS )
CONS=1./TENP
GO TO 35
CONTINUE
CONS=PKK
CONT INUE
DO 60 K=14NN
DO 50 L=1,NN
0540440
ggfklﬁll?rgrL;(K L} +{DSHF (K) #DSHF (LY *XE®KC (1) *CONS)/TJ
CONT INUE
CONTIHUE
CCNTINUE
DO 70 K=1,NN
DO 80 L=1,NN
1£(L-K] 90,8080
SELK(KsL)=SELKIL,K)
CONTINUE
CONTINUE
RETURN
END
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SUBRDUTINE SHEUNLOXENG I ¢ZE4NNs XEy DSHFy TJ o SHF)

GENERATES SHAPE FUNCTION MATRICES,SHE AND DSHF ¢ FOR 3-NODE ELEMENTS.
DIMENS ION SHF (6)4DSHF(6), XEN( 1)

1SQ=ZE#»#2
SHF(L1=0.5%(-2E+25Q])
SHF(2)=0. 5%( ZE+25Q}
SHF(3)=1.0-252
DSHF (1) =-.5+2E
DSHF(2)=0.5+1E
DSHF(3)=-2.0%2E
TJ=0.0

XE=0.0

DO 10 J=1,NN
TJ=TI+OSHF (J IR XEN(J}
XE=XE+SHF (J) *XEN(J)
CONTINUE

RETURN

END

SUBROUTINE HYPROP(IPROP,NELEM¢RGP4 X, NOD)

GENERATES PROPERTY INDEX FOR ALL ELEMENTS

DIMENS ION IPROP(I).NOD(ISO.B).X(ZOO,I)

DO 10 I=1,NELEM -
NJ=NOD (1, 3) ’ s

IPROP(I)=1

IF(X(NJsy1}.LT.RGP} IPROP{I}=0.

CONT INUE

RETURN

END

SUBROUTINE EBFINDINBANDyIDs LEN,LOCsNM;NN,LL)

COMPUTES BANDNIDTH FOR EACH ROW OF THE GROSS MATRfX.

'DIMENSION NBAND(1); ID{1),L0C(15046),LV(6)

DO 20 I = 1,LL
NBAND(I) =1

SCAN THROUGH THE LOCATION VECTOR FOR ELEM YO FIND THE POSITION

_OF THE TERM FURTHEREST FROM THE DIAGONAL IN EACH ROWe.

D0 25 1=1,NM
NF2= NN

" DO 30 J=1,NF2

30

40
45
25

50

60

20

10

LV(J} = LOCIT,d) e
CONTINUE -

DO 45 J =1,NF2 e

IF (LV(J).EQ.0) GO TO 45

DO 40 K=1,NF2

IF (LV{J).GT.LV(K)) 6O TO 40 . .

NW. = LVIK)-LV(J) ¢l : -

NR = LVIJ) S

IF (NW.GT.NBANDINR)) NBAND(NR 1= NW

CONTINUE

CONTINUE

CONT INUE

SET UP 1D VECTOR AND COMPUTE LENGTH OF STIFFNESS VECTOR

ALSO CHECK THAT NBAND DOES NIT DECREASE BY MORE THAN 1 AT A TIME

LEN = NBAND(1)

DO S0 I = 2,LL

IF (NBAND{I)- NBAND{I-1).LT.0) NBAND(I}= NBAND(I-1)-1
LEN = LEN+NBAND(I)

CONTINUE

10{(1) =1

DO 60 I=24LL

10(1) = 10({I-1)+NBANDII-1)

RETURN

END

SUBROUTINE MERSS(V,NBAND, IDsRsLOCsN1,M1}

MERGES EL EMENT MATRIX INTO GROSS VECTOR.
DIMENSION VI(1), R(6¢61,LOCI150, 6} NBANDLL],ID(1]

DO 10 I=1,Nl1

IK = LOC(M1, 1)
IF(IK.EQ.0) GO TO 10
DO 20 J=1,N1

JK = LOCiNL,J)

1F (IK.GT.JK)} GO TO 20
IPDS = IDC(IK}¢IK-IK
VIIPOS) = V(IPOSI+R(Ie¢d)
CONTINUE

CONTINUE

RETURN
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END
SUBRDUTINE P BCINBD, JBD,CK,DISP,1D,VK}

- INTRODUCES PRESCRIBED BOUNDARY CONOITIONS.

400

20

25

50

40

32
30
35

10

(2 XaXe)

15
80
70

ono

DIMENS JON JBDU1Y¢DISPIL)yCKU20041),ID0L},VKIL)

DG 400 1=1,NBD

NR=JBD (1) ]
CKINR,1)=1.0420%DISP(I}
IDT=ID(NR)

VK(IDT)=1.D+20

CONTINUE

RETURN

END

SUBROUTINE SOLVBS(C,V,NByLL,NLL)

SUBROUT INE FOR THE SOLUTION 3F BANDED SYMMETRIC SYSTEM

OF LINEAR EQUATIONS. THE COEFFICIENTS ARE STORED IN

VECTOR FORM IN V, THE LENGTH OF EACH ROW OF COEFFICIENTS
IN V IS GIVEN BY THE VECTGR N

DIMENSTION V(1) ¢NB(1},C(LL,NLL}
DOUBLE PRECISION TEMP, TEMP2

1D0=1

DO 10 I=1,LL
TEMP = V(ID)

NEB = ID+NB(I]-1

NORMALISE ROW I

DO 20 J= 1D, NEB

VIJ} = V(J)}/TEMP

DO 25 L = 1,NLL
C(I,L) = CLI,L)}/TEMP
CONTINUE

ELININATION

I0l = ID+1

10J = ID

IF(ID1.GT.NEB) GO TO 35

DO 30 J= ID1,NEB

JI = J-ID1+]

IDJ = IDJ + NB(JI)

IF (V(J}) 50:30,50

TEMP2 = TEMP%VIJ)

iop = J

DO 40 K = 1DP,NEB

KJd = 1DJ+K-J

VIKJ) = V(KI)-VIKI*TEMP2

NJ = 1+4-1D

DO 32 L = 14NLL

CINJsL) = CINJeL)-CUI,LI*TEMNP2
CONT INUE -
CONTINUE

CONT INUE

1D = ID+NB{I)
CONTINUE

e ca

BACK SUBSTITUTION

ID = 1D-1

tir = Li-1

DO 70 18 = 1,LL1
1 = LL1-18B+1

ID = ID-NB(I}

IS = 1+1

IN = I+NB(I)-1
DO 80 J=IS,IN
NJ = 1D#J-1

DO 75 L= 1,NLL

ClI,L} = CLI, L) = C(J,LI*VINJ)
CONTINUE.

CONTINUE

CONTINUE

RETURN

END
SUSROUTINE SETARG(AK:BK;PH,AGP.BGP,PHGP'AKK.BKK.PKK,IPROP,]l

IDENT IFIES THE PROPERTIES OF EACH ELEMENT.

DIMENS ION IPROP{1)
IF(IPROP(I).EQ.0) GO TO 20
AKK=AK

BKK=8K -

PKK=PM

GO Y0 10
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20 CONTINUE
AKK=AGP
BKK=BGP
PKK=PMGP

10 CONTINUE
RETURN
END

SUBROUTINE VCHECK(NOD-H:X;ZE“.IDARCY.?EL.HN.&K,&K.PK'VCR.Il

COMPUTES ELEMENT VELOCITIES AND CHECKS IF A PARTICULAR ELEMENT BELONGS
TO DARCY OR NON-DARCY FLOW 20NE. :

DIMENSION NOD{15043},X(200,1),ZEN
DIMENSTON XEN(61+DSHF(6], ShF{bl (61 +IDARCY (11, VELLLS0, 6)
DIMENSION H(200),HEl&]}
DO 3100 J=1,NN
NJ=NOD(I,J)}
HEU J)=HINJ)
XENTJ)=XI{NJy 1)
3100 CONTINUE
DO 3200 J=1,KNN
ZE=2EN{J}
CALL SHFUNL(XEN¢JsZEsNN3XE, DSHF;TJ.SHF)
GRAD=0.0
DO 3300 K=1,NN
GRAD=GRAD+DSHF IK)*HE(K) /TJ
33200 CONTIMNUE
HS=ABS{GRAD}
TEMP=0.5%AK+ SQRT(0. 25% AK*%2+B K%HS }
VEL(IsJ)=-HS/TEMP
IFCIDARCY (1) <EQ.O) VEL(I,J]=-HS*PK
3200 CONTINUE
IDARCY(I)=0
IFCABSIVEL{I43)).GT.VCR). IDARCY{II‘I
RETURN
END
SUBRODUTINE VAVEGLIVMEAN:VELsNOD,NNODE,;NELEM,NR)

COMPUTES AVERAGE NODAL VELOCITIES.

OO0

DIHENSION NOD(1504 61, VHE&N{ZDO;lZgVEL{ISO 6), ICOUNT (200}
DATA NREADyNPRINT/1+3/

HRITE{NPRINT 43} :
43 FORMAT('1",//4+10Xs*NODAL VELOCITY PRINT UUT'.III. : :
130Xy *NODE * ¢ 14X, *COMMON ELEMENTS'y14X«*VELOCITY*,///) .
DO 10 J=1,NNODE
VHEAN(Js11)=0.0
TCOUNT{J} =0
10 CONTINUE : ' R
DO 20 K=],NELEM ) o,
DO 30 J=1,NN : ' S
NJI=NOD(K, J} e
VMEAN(MNJy 1)=VMEANINJ 1) #VEL(K,J])
ICOUNTINJI=ICOUNT(NJ)+1
30 CONTINUE
20 CONTINUE
DO 40 J=1,NNODE
DIV=ICOUNT{J)
VHEAN(J,1)=VHEAN(J, 1}/D1V
WRITE(NPRINT,13) JyDIV,VMEAN(J,1)
13 FORMAT (10X, 13520XsF3.1417X%4F10.5) .
40 CONTINUE .
RETURN
- END
SUBROUTINE DISCHI(TH,VMEAN;X4NSELCT,NFNOD,11I}

COMPUTES DISCHARGE AT SELECTED VERTICAL SECTIDNS.

DIMENSION VMEAN(200,1),X(200,1),QAV{1),Q(2001}
DATA NREAD,MPRINT/143/
WRITE (NPRINT,43)
43 FORMAT(®1%,//45%s "NODE NO'y20Xy *DISCHARGE'4//)
CONST=6.2832
NLNOD=NFNOD+NSELCT-1
QAVI(11)=0.0
DO 10 JeNFNOD, NLNOD
OlJ)=CONST*X(J, 1}« THEABSIVMEAN( Iy 1))
QAVIII)=QAVIIII+QLJ)
WRITE (NPRINT ,13)J,Q(4)
13 FORMAT('0%,10Xs13,20XsF10.4}
10 CONTINUE
QAVITI)=QAVLIII)/NSELCT
WRITE{NPRINT 423)11,0QAVI(IT)
23 FORMAT(////y 10X *MEAN DISCHARGE FOR THE REGION NO'413,' =%,F10.4}
CONTINUE
RETURN

END :
SUBROUTINE TCURVI(HHOyBy XsNNODE, QFIXsAKyBK¢PMKyTHy J)
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COMPUTES TYPE CURVE FOR STEADY STATE FLOW.

OIMENSTON H{11,X(200,1)
THPI=44./T.
. TMIS=PMK*TH
PARAM=BKRQF I X*TMIS/ (TH**2*B%THPT)
13 FORMAT (10X, 15920X4F10.242(10X4E1244)}
DENOM=QFIX/(THPI*TMIS)
HRITE(3,3)PARAM

3 FORMAT(///+10X,50{%%%},/,10X,%%?,13X,*STEADY STATE TYPE CURVE',

1 12Xy " %% /410X 500 %) ¢///y 15X, *NON-LINEAR FACTOR =% ,F12.4)
IF(JV.EQ.2) GO TO 5

WRITE(3,23}
GO T0 15
5 CONTINUE
HRITE(3,33)
15 CONTINUE .
23 FORMAT(// 410X,*NODE NUMBER®,15X,'R~COCROINATE®,10X, *FUNCTION W{U}*
1 1 LOXy YARGUMENT U',//)
33 FORMAT(//310Xs *HODE NUMBER® 415X,'Z~-COORDINATE" 410Xy *FUNCTION W (U)?*
1 5 10Xy TARGUMENT U'r//)
DD 10 I=1,NNODE
SDRAW=HO-HI(I)
SLESS=SDRAW/DENOM
RLESS=X{1,11/8
HRITE(3413)I+4X{I4J)sSLESS4RLESS
10 CONTINUE
RETURN
END
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INTEGRATED WELL-AQUIFER SOLUTJOM SYSTEM.
DEVELOPED BY #.S. HUYAKODAN.
TRCONL1,PROGRAM FOR ANALYSING TRANSIENTOME-DIMENSIONAL,DARCY OR
TWO-REGIME FLOW YOWARDS A PUMPED WELL.
VERSION CATED OCTOBER, 1973.
FOR FURTHER INFORMATION,CONTACT
P.S. HUYAKORN OR C.R. DUDGEON
WATER RESEARCH L ABORATORY
KING ST.,MANLY VALE

SYDNEY.N-S.Hf 20934 AUSTRALTIA.

LIST DF INPUT VARIABLES

£
#*

PROBLEM VARIABLES ##*

NPROB = NUMBER OF PROBLEMS TO BE SOLVED

IVEL = VELOCITY PRINT-OUT INDEX.FEED IN IVEL=0 IF VELOCITY PRINT-OUT
1S NOT REQUIRED OTHERWISE FEED IN IVEL=l

IDISCR = DISCRETISATION DATA PRINT-OUT INDEX

FEED IN IDISCR=0 IF DISCRETISATION PRINT-OUT IS NOT REQUIRED
DTHERHWISE FEED IN IDISCR=1

ORELAX = DVER-REL AXATION FACTOR FOR NON-LINEAR HEAD ITERATION
SUGGESTED VALUE LIES BETHEEN 1.50 TO 1.85

RY = RADIUS OF WELL SCREEN

RO = EXTERNAL RADIUS IR RADIUS (OF INFLUENCE

HO = INITIAL HEIGHT OR DRAWDOWN OF WATER TABLE

TH = THICKKESS OF AQUIFER

HTOL = HEAD TOLERANCE FOR NON-LINCAR ITERATION ON HEAD VALUES
SUGGESTED VALUE IS 0.10 OR A FEW PCERCENT OF HO-HW

QFIX = PRESCRIBED WELL DISCHARGE .

TWAT = WATER TABLE AQUIFER INDEX,IWAT=1 FOR WATER TABLE AQUIFER,

IWAT=0 FOR CONFINED AQUIFER
TAQTA = AQUITARD INDEX,IAQVA=1 IF THERE IS AN OVERLYING AQUITARD
IAQTA=0 IF THE MAIN AQUIFER IS CONFINED BY IMPERMEABLE STRATA
6P = GRAVEL PACK INDEX,1GP=1 FOR GRAVEL PACKED HELL,
I1GP=0 FOR NON-GRAVEL PACKED WELL
IBOUND = EXTERNAL RADIUS BIUNDARY INDEX, IBOUND=1 FOR RECHARGE
BOUNDARY ; IBOUND=0 FOR BARRIER BOUNDARY
IWBC = WELL DISCHARGE BIOUNDARY COMDITION INDEX, IWBC=1 IF WELL STORAGE
_ 1S TO BE TAKEN INTD ACCOUNT OTHERWISE IWBC=0
RCSNG = RADIUS OF WELL CASING .
QRTOL = RATIO OF PRESCRIBED DISCHARGE TOLERANCE TO PRESCRIBED DISCHARGE
SUGGESTED VALUFE LIES BETWEEN 0.01 TN 0.02
AK = FORCHHEIMER LINEAR HYDRAULIC COEFFICIENT OF AQUIFER
FEED IN AK=1./PM IF ONLY DARCY FLOW SOLUTINON IS REQUIRED.
WHERE PM = COSFFICIENT OF PERMEABILITY OF AQUIFER

BK = NON-LINEAR HYDRAULIC COEFFICIENT OF AQUIFER

IF ONLY DARCY FLOW SOLUTION IS REQUIRED SET BK=0.
VCR = CRITICAL FLOW VELJICITY WHERE NON-DARCY FLOW COMMENCES
5SS = COEFFICIENT OF SPECIFIC STORAGE OF MAIN AQUIFER
THGP = THICKNESS OF GRAVEL PACK
AGP = LINEAR HYDRAULIC CJIEFFICIENT OF GRAVEL PACK MATERIAL
BGP = NON-LINEAR HYDRAULIC COEFFICTIENT OF GRAVEL PACK MATERIAL
vGP = CRITICAL FLOW VELJCITY OF GRAVEL PACK MATERIAL
sSSP = COEFFICIENT COF SPECIFIC STORAGE OF GRAVEL PACK MATERIAL
5Y = COSFFICIENT OF SPECIFIC YIELD OF WATER TABLE AQUIFER
DINDEX = RECIPROCAL OF DELAYED YIELD INDEX OF WATER TABLE AQUIFER
PA = COEFFICIENT OF PERMEABILITY OF OVERLYING AQUITARD
THA = THICKNESS OF OVERLYING AQUITARD

DISCRETISATION PARAMETERS %%

= IMBER DF TIME STEPS
¥;ig$k = :Elﬁk g; THE FIRST TIME STEP,EXPRESSED IN DIMENSIONLESS FORM
TMUL = TIME MULTIPLIER,SUGGESTED VALUE VARIES FRCM 1.50 YO 2.00
DTMUL = INCREMEMT OF TIME MULTIPLIER
SUGGESTED VALUE 1S DT4UL=0. OR 0.02
NELF -~ = NUMBER OF 3-HODE LIME ELEMENTS IN FIRST SUBREGION
SUGGESTED VALUE 1S NELF=2
FRLEN = LENGTH OF FIRST SUB:EG;£N4 .
- F L =4,
iggcgilﬁgLV;kggEéswELL|FRLEN MUST NOT EKCE%D THICKQES% OF PACK
SCFAC = SCALE FACTOR TO RE USED I[N COMPUTIMNG THE LENGTHS OF REMAINING

SURREGINNS JSUGGESTED VALUE 1S5 SCFAC=2.0
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LIST OF DUTPUT VARIABLES




NKDDE
NELEM
1T
THM
™

X

H
TLESS

HLESS
1Q

Sd
QAQFR
QSTRGE
QCALL

QRDIF

HOD
VEL
VHEAN
JDARCY

':.ﬂﬁﬂﬂﬂﬂ¢"Iﬂﬂﬂf‘lﬂﬁﬂﬂﬁﬂﬂﬂhﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬁﬂﬂﬂﬁﬂﬂﬁﬂnﬂﬂﬁﬂﬁ

 COMMON
COMMON

CO¥MON
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TOTAL NUMBER OF NDDES IN THE FIMITE ELEMENT NETWORK
TOTAL NUMBER OF ELEMENTS IN THE NETWORK

TIME STEP NUMBER

REAL TIME VALUE AT THE MID-POINT OF YIME STEP IV

REAL TIME VALUE AT THE END OF TIME SYEP IT

NODAL RADIAL DISTANCES FROM CENTRE LINE OF PUMPED WELL
NGDAL HEAD OR DRAWDOWN VALUES

2o NNoRM

TD THE ARGUMENT 1/U OF HWELL FUNCTION W(U)
VALUES OF WELL FUNCTION AY NODAL POINTS
DISCHARGE ITERATION NUMBER

DRAWDOWN VALUE AT CURRENT TIME

DISCHARGE FRCM AQUIFER INTO WELL AT DRAWDOWN SH
DISCHARGE FROM WELL STORAGE

+0AQFR

RESIDUAL DISCHARGE +QRDIF = THE ABSOLUYE DIFFERENCE BETWEEN
PRESCRIBED DISCHARGE AMD CALCULATED DISCHARGE

NODE CONNECTIONS OF ELEMENTS TN THE FINITE ELEM:NT NETWORK
ELEMENT VELOCITIES

AVERAGE NODAL VELOCITIES

INDEX TO INDICATE IF A PARTICULAR ELEMENT BELONGS TO DARCY
OR NON-DARCY ZONE, IDARCY=0 FOR ELEMENTS IN THE DARCY IONE,
IDARCY=1 FOR ELEMENTS IN THE NON-DARCY ZONE

FADISC/X{10041),N3DI(50,+,31, VCORE(300)
/BDISC/M(50) y XLEN(50) 4y NNE(501},48D(2),DISP(2)
FAELEM/DELK{ 3,3) ySELKI343) 4 HE(3),ZENI(3)

1:DSHF{3), XEMN(3), SHF (3)

COMMDN
COMMON
COMMON
CGMMON
COMMON
COMMDN
COMMON

DOUBLE

JASOLV/ISTART(100) 4NBAND(100),10{100]}
/BSOLV/CK (100, 1),VK({300])
SCSOLY/VD(300)sHINT(10041)+GKU100,1)CTEMP(100,41)
FAPARA/TLESS (100 )y HLESSILIO00), TIME(60),4SH{60)
/BPARA/DSHI3),QCALCI3),vSI10),Q5L(6),GELK(S)
JVCOM/IPROP(50), IDARCY (50 4HI100),VELI50,3), VMEAN{ 100,11}
JARLXX/FLEAK {100}, QLEAK( 100}y HCORE(900) yHCOLDI{100}

PRECISION ARGU.TERM¢DEXPsENyUHWF

DATA NREADyNPRINT/1,3/

OO0

PRINT INITIAL HEADINGS

WRITE(NPRINT, 1773)
1773 FORMAT('1')
WRITE (NPRINT,1003)
WRITE(NPRINT, 10131
HRITC (NPRINT,1023)
WRITE(NPRINT,1013)
KRITE(NPRINT,1033)
WRITEINPRINT, 1013}

WRITE(NPRINT,1003)
993 FORMAT ('] F,4XsS1H S*#saskfkahhsd kot Shs AT hhREARRKRATERE IS GEhER KB

1%%)
1003 FORMATISX,S1H *Hadktaktd#sdky aabkaRt 4 et dh SRS REFE LA EUS RO RTH Ak )
1013 FORMAT(5X,5]H = . ) *)
1023 FORMAT(S5X,51H * FINITE FLEMENT ANALYSIS OF WELL PROBLEMS *)

1033 FORMAT (6X,** TRAMSIENT,TWD REGIME FLOW TOWARD A SINGLE HWELL *'}

VALUES OF DIHENSIONLESS TIME AT NODAL POINTS,TLESS CORRESPONDS

TOTAL CALCULATED DISCHARGE,QCALL=DISCHARGE FROM WELL STORAGE
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READ(NREAD, 101 )NPROB, IVEL 4 IDI SCRy ORELAX
101 FORMAT (3110, F10.2}
DO 3555 JPRO=1,NPROB
HRITE(NPRINT 49003)JPRO
FORMAT (// /420X, 500" %%} 4 /420X, "% ,13X, *PROBLEH NUMBER =%,
1 Foe12Xe ' %% 4/ 420X,500%%0})

$1

READ AND PRINT GENERAL DATA

READ{NREAD, 2003JRWy RO (KO, THyHTOL $1
2003 FORMAT(5F10.2)
WRITE(NPRINT 423) RW,RO,HDTH;HTOL
23 FORMAT(// /420X, 32HAQUIFER AND WELL CHARACTERISTICS///+
310Xy1SHRACIUS 0OF WELL = G F10.3://7,
410Xy 22HRADIUS OF IMFLUENCE = ,F10.34//,
510Xy 24HHE IGHT OF WATER TABLE = ,F10.3,//,
610X 24HTHICKHESS OF AQUIFER = ,F10.3,//,
TLOX3GHTOLERANCE FOR SUCCESSIVE HEAD VALUES = 4F10.3,//)
READI{NREAD, 51 1QFIX
S1 FORMAT(F10.2)
HRITE(NPRINT,2773)QFIX
2773 FORMAT(10X,*PRESCRIBED WELL DISCHARGE =%,F12.3)

$1

READ AQUIFER AND GRAVEL PACK DATA

READ{NREAD,111}IWAT,IAQTA,IGP,IBOUND, IHBC $1
111 FORMAY(SIL0)
IQUASI=0
IFLIKBC.EQ.0) QRTOL =0.0
IF({INBC.FQ.0) GN TO 309 :
READINREAD,y 191 )RCSNG, QRTOL : $14+5K
191 FORMAT(2F10.3) :
QRTOL=QRYOL*QF IX
WRITE(NPRINT ;193 )RCSNG, QRTOL
193 FORMAT(///410X,*RADIUS OF CASING  =%,F10.3,//,
1 10X, *DISCHARGE TILERANCE =1,F10.3,//1)
309 CONTINUE
READ(MREAD,; 2013)AK, BKsVCR, 55 : $1
2013 FORMAT (3F10.3,E10.2) :
GCR=AK*VCR+BK#*VCR®%2
PM=1./AK
IFIVCR.GT .0.000001) PM=VCR/GCR
_ HRITE{NPRINT y53) AKy BKyVCR,PM, 55
$S=55%1000.
53 FORMAT(///,20X,"AQUIFER PROPERTIES'///

1 10X *COEFFICIENT A =',F10.4//

2 10Xy *COEFFICIENT B = ', F10.4//

3 10X, *CRITICAL VELDCITY = ,Fl0.4//

& 10Xs *COEFFICTIENT K = *,F10.4//

5 10X, *SPECIFIC STIRAGE =',E10.2)
RGP=RW

¥F(IGP.EQ.0) GO T3 29

READ(NREADy 331 )AGPyBGPyVGP4+SSP,THGP $1.+5K

331 FORMATI(3F10.3,F10.2,F10.2)
GRGP=AGP*VGP+BGP*VGP**2
PHGP=1./AGP
FF{VCR .GT .0.000001} PMGP=VGP/GRGP
HRITE(NPRINT y153)AGP,BGPy VGPy PHGP ¢SSP
SSP=5SP*10.0%%3

153 FORMAT(///+20Xs *GRAVEL PACK PROPERTIES'///

1 10Xy *COEFFICIENT A =',F10.4//

2 10X " CIEFFICIENT B = " ,F10.4//

3 10X, 'CRITICAL VELOCITY = '4F1l0.4//

& 10Xy "COCFFICIENT K = *4F10.4//

5 10X, *SPECIFIC STORAGE ="',E10.2)
RGP=RH +THGP

WRITE(NPRINT 163 )THGPRGP
163 FORMATI10X," THICKNESS OF PACK = *,F10.2//

1 10X, "RADIUS OF PACK = *F10.2//}
29 CONTINUE

READ BOULTON SPECIFIC YIELD DATA FOR UNCONFINED AQUIFER.

IF{I®¥AT.EQ.O0) GO TO 96

READ(MNREAD, 1T1)SY,DINDEX $145K

171 FORMAT{2E10.2)
SFAC=DINDEX*SY/ (6.%TH)
WRITE(NPRINT 1 731SY,DINDEX,SFAC
DINDEX=DINDEX/1000.
173 FORMAY (/7 /7, 20X, *BOULTON DELAY YIELD DATA®,///y
1 10Xs "SPECIFIC YIELD  ='4E20.3+//y
2 10X,* DELAY INDEX =V F20.34/ /s
E 10Xs ' DEL AY FACTOR = 4yE20.34/71)
96 CONTINUE

READ AND PRINT AQUITARD DATA.
IF({1AQTALEQ.0) AND . {IQUASI.EQ.O)} GO TO 39

READINREAD, TLIPA, THA
T1 FOPMAT(F10.%44F10.2)

$1.5K
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SA=0.
WRITE(NPRINT 2731PA,SA, THA
273 FORMAT(///420X, S AQUITARD DATAS .77/,

1 10Xy *HYDRAULIC CONDUCTIVITY  =¢,F20.4//7
2 10X, ' SPECIFIC STORAGE  =%,E20.4//
3 10X, *AQUITARD THICKNESS =t ,F10.3)
SA=SA*1000.
BFAC=PA/THA

39 CONTINUE

GENERATE AND PRINT DISCRETIZATION PARAMETER.

READ(NREAD,l?l)NT!CR.‘FACTR,TNUL,DTMUL
121 FORMATI(I10,3F10.3)

1TST=1

NNODS=1

HRITE{NPRINT s 7O3INTICR, TFACTR y TMUL 4 DTMUL
T03 FORMAT(///:20Xy "GENERAL TIME DATAY,//,

3 10Xy ' NUMBER OF TIME INCREMENTS =',110,//,
.1 10X, * TIME FACTOR ) =V g Fl0e4o /7,
2 10Xy ' TIME MULTIPLIER = 4yF10.49/ /¢

3

10Xy * INCREMENT OF MULTIPLIER ©  =¢,F10.4)
GENERATE ELEMENTS OF VECTOR TIME.

CALL TIGEN(NTICReTFACTRyTHUL, DTMUL yRWsPM;SSs IHBC,QF IX)
READ(MREADs 391 INELF,SCFAC,FRLEN

391 FORMAT(I1C,2F10.2)
CALL DCRGEN{ROsRW,NELF,SCFAC, FRLEN,NRR})
IFLIDISCR.EQ.0) GO TO 94
KWRITE (NPRINT,33)NELF,SCFAC,FRLEN

33 FORMAT(3(/);20X;'DISCRET[SATIDN DATA',///!

1 10X, *NUMBER OF ELEMENTS IN FIRST SUBREGION =',110,///,
2 10X, *SCALE FACTOR FOR ELEMENT LENGTH =V4,Fl0.34//7/,

3 : 10Xy *LENGTH OF FIRST SUBREGION =V 3F10e34///92X%y

4 SUBREGION *,10X,*NO. OF ELEMENTS', 15Xy ‘*LENGTH OF SUBREGIGN®',
5 17}

31 FORMAT(I3)
DO 55 I=1,NRR
41 FORMAT(213,fF8.2)
HRIYEA{NPRINT43) [4M(]I),XLEN(T)
43 FORMAT(SXy13420X513,16X,F14.3)
55 CONTINUE
94 CONTINUE
RI=RHW
NFNDD=1
RNODE=0
NELEM=0
NSEL=1

DO 65 K=1,NRR
NNODE=NNODE+ (NNE(K) ~1) *M(K)
NELEM=NELEM+M(K)

65 CONTINUE
HNGOE=NNODE+ 1

PRINT OUT NO OF NODES AND N) Of ELEMS

IF({IDISCR.EQ.0) GO TO 104
WRITE{NPRINT,73) NNGDE,NELEM
73 FORMAT(3(/) 412X, *TCTAL NO. OF NODES = *4154//412X,y
1*TOTAL NO. OF ELEMENTS = %415)
104 CONTINUE
DO 75 [1=14NRR
MM=M{IT1)
NN=NNE(IT)
XL=XLEN(I 1)

GENERATE THE NODE COORDINATES
CALL CORDCI1{XLyMM;NN;RI4NFNID)
DISCRETIZE THE REGION INTO ELEMS

CALL CONC1(NSEL,NFNCDyMM,NN)}
NFNOD=NFNOD+ {NNE (11 )-1)*M(I1)

75 CONTINUE
CALL HYPROP{NELEM,RGP}
IF(IDISCR.EQ.0) GO TO 114
DXO=(X{2y 1)=-X{1, 1}) **2
ALPHA=SS®DX0**2/ (2. 0% PH*TIME{ 1))
WRITE(NPRINT,7773) ALPHA

7773 FORMAT( //412X,*MESH STABILITY FACTOR et £20.4)

114 CONTINUE
ROMAX=RO
THPI=44./7.
QFL=QFIX/ (TWPI*TH!

$1

$1
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FORM GROSS VECTOR VD

NN=3
CALL EBFIND(LEN, NELEM; NN,NNODE}

ZEN{1i=-1.0
2EN(2)=1.0
ZEN(2)=0.0
DO 130 I=1,LEN
Vot1)=0.0

130 CONTINUE
DO 135 1E=1, NELEM
DO 145 J=1,RNN
NJ=NOD(1IE,J)
XEN(J)=X(NJy 1)

145 CONTIRUE
SC=SS
IFCIPROP(IE}EQ.O} SC=SSP
CALL ELGND(NN;1E,SC,40}
CALL MERBO(NN,IE)

135 CONTINUE

CALCULATE HEAD AT VARIOUS TIME VALUES

THIS=TH*PM
DIFFUS=PH/SS
NST=2 -
DO 642 I=1,NNODE
HCOLD( T )=HD
FLEAK(1)=0.0
QLEAK(1)=0.0
H{T)=HO

642 CONTINUE
IFCITST.EQ.1) GO TO 1245
CALL HREAD(NNODSs 1, 1)
CALL HPUMNCH(NNODS, 341}
IF(IWAT.GT.0) CALL HREADINNODS,1,2)
IFCIWAT.GT.0) CALL HPUNCH(NNDDS,3,2}
I ST=NNODS +1
DO 1345 1=1ST,NNODE

1345 H(I)=HO
GO TO 1445

1245 CONTINUE
DO 3545 [=1,NNODE

3545 H(1)=HO

1445 CONTINUE
DO 245 I=1,NNODE
HINT(I,1) =HO

245 CONTIHUE
DELT=TIME (1)}
NDTO=NNGDE
ITMIN=NTICR
QAQFR=2.*QRTOL
SWOLD=0.0
18T=1

SET IDARCY=0
DO 99 1=1,NELEM
IDARCY(1)=0
99 CONTINUE '
LOOPING WITH LOOP PARAMETER IT=1,NTICR
DO 7007 IT=ITST,NTICR

WRITE (NPRINT,683}IT
683 FORMAT(///410X%X 350" %%}, /10Xy T*%¢4X,

138.

1 STIME STEP NUMBER =%41555Xs'*%,/,10Xe35(*%*%})
ITCUR=IT

IF(IT.GT.1) DELT=TIME{ITI-TINE(IT-1)

TH=TIME(IT)

CALL ROEST(OXFFUS,THpNDTD'QFlX.THISqNST,NN,RO,NELEM,NNDDE.CUNST)

TMM=TM-DELT%0.5
MBAND=NBAND(NNCDE)
TMIL=TMM/1000.
WRITE{NPRINT,333)TM 1L
333 FORMAT(// /910X, 41 (" 2414/, 10Xe"#¢; 9%, ' TIHE
1 E16.399X ¢ %7, /510X 411%%¢),//)
WRITE(NPRINT, 343)}R0,NNCDRE,NELEM
343 FORMAT(/, 10X, 'ESTIMATED RADTIUS OF INFLUENCE

=t

".FlO.Z,

177+ 10X, 'CORRESPONDI NG NG. OF NODLCS =4 ,15¢//s

COMPUTE DIMENSIONLESS TIME.

CONS=4.0%DIFFUS*TMM

DG 70S 1=1,NNODE

TLESS(I)=CONS/X{I,1)%%2
709 CONTINUE

210X *CORRESPONDING NO. CF ELEMENTS =%,15¢//}
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FOR UNCONFINED AQUIFER,COMPUTE BOULTOMN DELAYED YIELD.

aon

IFCIMATLEQ.0IGO T3 T77

ARGU=-DINDEX*DELT*0 .5

TERM=DEXP (ARGU)

ES=SY*{1.0-TERM)

ES=ES/TH

HRITE{HNPRINT,903)ES

ES=ES*1000.

EN=ES/SS
903 FORMAT(///4* EFFECTIVE SPECIFIC YIELD =',El4.445X,"/FTa")
TT77T CONTINUE .

INITIALISE HEAD VALUES.

[sXalgl

IFIIT.EQ.1) GO TO 165
677 CONTINUE
D0 155 I=1,NNODE
HINTUI,1)=H(T)
155 CONTINUE
165 CONTINUE
LEN=NBAND(L)
: NBAND{HNNODEI=1
. DD 169 I=2,NNODE
- LEN=LEN+NBANDI(I)
169 CONTINUE
CALL VECHUL({NNODE,LEN)

FOR UNCONFINED AQUIFER, ADD BOULTON DELAYED YIELD

alelal

IF{IWAT.EQ.O0) GO TO 278
DD 178 1=1,NNODE
GKI{I41)=GKI{I41)%(1.+EN)
178 CONTINUE
IF(IT.EQ.1) GO TO 278
FTERM=0.5*DELT*SFAC/SS
DO 1178 I=1,NNODE
1178 CK(I,1)=QLEAK(I)
CALE VMUL (NNODE,LEN}
DO 1278 I=1,NNODE
1278 GK(I41)=GK{I,1)+CTEMPII, 1} *FTERM
278 CONT1INUE

c
C STORE FIRST ELEMENT OF MATRIX GK FOR DISCHARGE COMPUTATION.
C

GP=GK(1l41)

TF{IHBCLEQ.0) GKI1s1)=GK({1l4l)-DELT*QFL¥0.5
c
C SET UP LOOP FOR WELL DISCHARGE ITERATION.
C

NQITER=5

DO 928 1Q=1,NQITER

IF{IKBC.EQ.0) GO TO 98
C
c ADJUST VALUE OF WELL DRAWDOWN.
C

HRITE (NPRINT 5003}
5003 FORMAT(/,5X,300("'= '})
CALL SHHDD('Q.lT.RCS&GsBELT.TIHE.QFIKgQAQFR,QCALC,
1SH,DSW,SWOLD)
HRITEINPRINT.BBBIIO.DSHIIQ)|SHI!TI
833 FORMAT(///+10X, '"DISCHARGE ITERATION NUMBER =" ,1104//

1 10X, * DRAKDOWN INCREMENT =t Fl0.3://
2 10X, *DRAWDOKN VALUE =1, F10.3,//)
98 CONTIRUE
C
C SET UP LOOP FOR ITERATION ON HEAD
c
NITER=10
IFIBK.LE,0.0) NITER=1
DO 999 III=IST,NITER
C .
c ZERD GROSS STIFFNESS MATRIX
c

DD 300 I=1,LEN

VK{11=0.0
300 CONTINUE

DO 305 I=1,NNODE
) CK{143)=GK(I 11
305 CONTINUC

COMPUTE STIFFNESS MATRIX FOR EACH ELEM AND MERGE

[z Xz Na!

NN=3

DO 350 TE=1,NELEM

DO 355 J=1,NN
NJI=NOD(IE,J}
XEN{J)=X({NJ,y 1)
{F(111.EQ.1l) GO TO 1355
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RE(J)=H{NJ)

CONT INUE

IF{IPROP(IE}.EQ.0) GO TO 755
AKK=AK

AKK=8K

PKK=PH

GN TO 365

CONTINUE

AKK=AGP

BKK=BGP

PKK=PMNGP

CONTINUE

CALL ELGENLINN,AKK: BKK:PKK,IE,0)
CALL MERB3(NN,IE)

CORTINUE

DO 530 I=1,LEN :

VKU )=VK{I)*DELT*0.5+«VOII}
CONT1NUE

ADD LEAKAGE TERMS CONTRIBUTED BY AQUITARD.

IF{TAQTA.EQ.O0) GO TO 86
FTERM=0,5*DEL T*BFAC/(55%TH)
D0 166 I=1,LEN

VELT ) =VK{ I} +VD(] )*FTERM
CONTINUE

CONTINUE

FOR UNCONFINED AQUIFER, ADD BODULTON DELAYED YIELD.

1F({ IKAT.EQ.0) GO TO 196
DO 606 I=1,LEN
VK(TY=VK{I}+VD{I)*EN
COHTINUE )
CONTINUE
IF{(RD.EQ.ROMAX)} .AND.{ I1BOUND.EQ.0)} GO TO 296
NBD=1

JBD{ 1) =NNODE
DISP(1)=HO

CALL PBC(NBD)

CONT INUE

FIX THE WELL DRAWDOWN,

NLEN=NBAND(1)

378

496

415

460

450

900

950
1969

DO 378 TI=1.NLEN
VS{I)}=VK(I]}

CONTINUE _
IF(IWBC.EQ.O0) GO TO 496
JBD{1)=1
DISP{1}=SH(ITI+HO

CALL PBC{NBD)

CONTINUE

SOLVE EQNS BY BANDED ELIMINATION SCHEME

NLL= 1
CALL SOLVBS({NNODE,NLL]

PRINT OUT SOLUTION FOR FUNCTION
DNLY THE DARCY AND FINAL SOLUTIONS

IF(I11.€EQ.1) GO TO 900

CONTINUE

EMAX=0.0

NCOUNT =0

DO 450 1=1,NNODE
EPSI=CK{I,1)-H(I)

EPSIS=EPSI

IFLABS{EPSI1.GT.EMAX) EMAX=ABS(EPSI)
IF(ABS(EPSI)LLE.HIOL) GO T3 460
NCOUNT=NCOUNT+1
TF((IST.EQ.2).AND.{ IIT.EQ.2}) GO TO 460
H{I)}=H(1)+ORELAX*EPSIS

GO TO 450

CONT INUE

H{I)=CK(1,1)

CONTINUE

IF(NCOUNT .EQ.0) GI TO 1000

G9 TO 1999

CONTINUE

DO 950 I=1,NNODE

H{I}=CK[I+1)

HUESSEI )= (HO-H{I)}/CUNST

CONTIRUE
CONTINUE
IF(NITER.EQ.1} GO TO 999

REGENERATE 1DARCY
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DO 199 1=} ,HNELEM
CALL SETARG(AK.BK.PM,AGP.BGP,PMGP,AKK.BKK'PKK.I)
CALL VCHECK{NNyAKKy BKKyPKK,VCR, 1)
CONTINUE
IF(IDARCY (1} .EQ.0) GG TO 1000
CONTINUE
CONTINUE
WRITE(NPRINT 413011 1,EMAX
FORMAT(//,10X, '"NO. OF ITERATINNS REQUIRED FOR FINAL SOLUTION =%,15
1 " 0//2LOXs *MAXIHUM ABSDLUTE ERROR IN HEAD =v,F10.3)

CHECK FOR ACCURACY OF DISCHARGE RATIO.

IF{IWBC.EQ.0) GO TO 2102
DWD=DSHI(IQ)

CALL AQDIS(GP.NLEN'QAQFR,QCALC.QRDIF,DELT,TH,RCSNG,DSﬁ'IQ,QFIX)

PRINT FINAL DISCHARGE VALUES.

QCALL=QCALC(IQ)

QSTRGE=QCALL~QAQFR :
WRITE(NPRINT,1203)QAQFR4QSTRGE,QCALL,QRDIF

FORMAT (// /410X, * DISCHARGE FROM AQUIFER INTO HELL sV sFl24449/7
1 10Xy *DISCHARGE FROM WELL STORAGE ='3F14.34//,

1 10Xy * TOTAL CALCULATED DISCHARGE =V yFl4a34//
210Xy *RESIDUAL DISCHARGE - =%3F10.4)
IF(QRDIF.LE.QRTOL) GO TO 1102 :

CONTINUE

CONTINUE

SWOLD=SWIIT)

CONTINUE

DO 470 I=1,NNODE

HLESS (1)=(HO~H{I))/CUNST

LF((ITCUR.GTIT) sAND{IQaEQ.L} ) TLESSIT}I=TLESS{1)*TM/TMM
CONTINUE

CALL ROUT (NNODE)

CONTINUE

NBAND(NNODE }=MBAND

IF(IT.GT.ITMIN) GO YO ST7

- YF(IYCUR.GT.IT) GO TO 7000

517

ansd

477

7009

[gXe Xy

TMIL=YM/1000. :
WRITE(NPRINT,333)THIL
ITCUR=1T+]

GO YO 677

CONTYINUE
TMIL=TM/1000.
HRITE{NPRINT,333)TMIL

OBTAIN HEAD VALUES AT THE END OF TIME INTERVAL BY EXfRAPOLAT!UN.

DO 477 I=1,NNODE
TLESSI{II=TLESS(T}*TM/THM

HUL ) =2.0%H{T)-HINT{I,1)
HLESS{I)={HO-H(I1)}}/CUNST
CONTINUE

IF(IWBC.EQ.0) GO TC 7009
SHTEMP=SHOLD

SWOLD=H(1)-HO

QFR=QAQFR

DWTEMP =SWOLD-SWTEMP
QAQFR=QFR*SWOL D/ SHTEMP
ACSNG=22,*RCSNG**2/ 7.
TRM=ABS{ACSNG*DWTEMP%*2, /DELT}
QCALL=QAQFR+TRM*10,%*3
QRDIF=ABS(QFIX-QCALL)
SW(IT)=SWOLD
HRITE(NPRINT,1203)QAQFR,QCALL sQRDIF
QWSTR=QCALL-QAQFR )
IF(ABS{QWSTR).LT.QRTOL) IWBC=0
CONTINUE

CALL ROUT (NNODE)

EVALUATE NODAL VELOCITIES

" IF{IVEL.EQ.0) GO TO 7000

3000

7000

[x X3 Xa]

) =], NELEM
ggleoggTzRé;AK,BK,PH,AGP,BGP,PMGP.AKK,BKK,PKK,l)
CALL VCHECK({NNyAKKj8KKsPKKsVCRy I}

CONTINUE

NN=3

CALL VAVEGUINNODEsNELEH NN}
CONTINUE

FOR WATER TABLE AQUIFER,COMPUTE FIRST PORTION OF BOULTON'S INTEGRAL.

IF(IWAT.EQ.0) GO TO 7007 ;

IF(IT.EQ.NTICR)Y GO TO 700
CALL'HSIHP(NNHUE|TH,UINDEX.SY,DELT,IT,ITHIN)
DO 8007 I=1¢NNCDE
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HCOLDKE Y =H(T)
CONTINUE
CONTINUE

PUNCH OUT SOLUTION AT FINAL TIME.

CALL HPUNCH(NNODE, 2,1} .
IF(INAT.GT.0) CALL HPUNCH(NNODE,2,2)
CONTINUE

CONTINUE

sToP

END :

SUBROUTINE ELGENLINN;AKyBKsPKK,IEyIVERT)

GENERATES ELEMENT MATRIX SELK FOR 3-~NODE ELEMENTS.

DIMENSION ZGSP(3)},HWC(3)

COMMON /AELEM/DELKU 343} +SELK(3,3) (HE(3),ZEN(3]

1¢ DSHFU3), XEN(3), SHF (3)

COMMON /VCDM/ IPROP (501, IDARCY (50}, HL100)4VEL{ 50431, VHEAN(10051)

NGP=3
ZGSPI1)=0.7745966692415
ZGSP(2)=-26SP(1)
2G65P(3)=0.0

HC(1125.0/9.0

WC(2)=WC(1)

WC(3)=8.0/9.0

DO 15 I=1,NN

DO 15 J=1,NN

SELK(I,J1=0.0

CONTINUE

DO 10 I=1,NGP

ZE=1GSP(1)

CALL SHFUNL(IZ2E (NNyXE,TJ)
XC=XE

IFCIVERT.NE.O) XC=1.0
IF(IDARCY(IE).EQ.0) GO TO 25
IF(IVERT.NE.O) GO TO 55
HS=0.0

DO 30 JJ=1,NN

HS=HS ¢ DSHF(JJV*RHE(JJ)

CONT INUE

HS=ABS(HS/TJ)
TEMP=0.5%AK+ SQRT(04 25%AK*%24BKEHS )
CONS=1./TEMP

GO T0 35

CONTINUE

CONS=0.0

DO 65 JJ=1,NN
CONS=CONS +HE { JU)V*SHF(JJ)
GO TO 35

CONT INUE

CONS =PKK

CONTINUE

DO 60 K=1,NN

DO 50 L=1,NN

IF(L-K)} 50,40,40
SELKIK,L)=SELK(KsL)4+{DSHF (K)*DSHF { L 1*XC#HC (1) *CONS) /T
CONTINUE ‘
CONTINUE

CONTINUE

. DO 70 K=1,NN

g0
80
70

0C 80 L=1,NN
IF{L-K) 90,80,80
SELK{K,L}=SELK(L4K)
CONTINUE

CONTINUE

_ RETURN

END
SUBROUTINE SHFUNL(I,ZEsNNyXEy TJ)

GENERATES SHAPE FUNCTION MATRICES,SHF AND DSHF,FOR 3-NODE ELEMENTS.

COMMON /AELEM/DELK(3,3),SELK(393)},HE(3},ZEN(3}

13 DSHF(3) 4 XEN(3 ), SHF (3)

10

25Q=2E%%2 |
SHF{1}=0.5%(~-1E+25Q}
SHF{2)=0.5%{ZE+25Q)
SHF{3}=1.0-25Q
DSHF{1)==,5¢E
DSHF(2170.5+1E
OSHF{3}=-2,0%1E
TJ=0.0 »
XE=0.0

DO 10 J=1,NN
TI=2TJCOSHF (I VEXEN(J)
XE=XE+SHF{J) *XEN(J)
CONTINUE
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RETURN

END '
SUBROUT INE CORDCLUXLyMHKNN¢RI ;NFNOD)

GENERATES NODAL CDORDIMNATES.

COKMON /ADISC/X{10041)4NCD{50,3), VCORE(300)
DXL=XL/ IMMR(NN=1))
NLNOD=NFNOD+ (HN=1)%MM
DD 10 J=NFNOD, NLNOD
X{Jy11=RI+{J-NFNDD) *DXL
10 CONTINUE
RI=X{NLNOD,1}
RETURN :
END
SUBRDUTINE CONCL(NSEL,NFNOD,MM,NN}

DISCRETISES THE REGION INTG 3-NODE LINE ELEMENTS.

DIMENSION NDINT(3)
COMMON /ADISC/X(100,13,NOD{5S043),VCORE(300)

NDINT{L)=NFNOD
NDINT(2)}=NFNOD+2
NDINT {3} =NFNOD+1
NLST=NSEL+MM-1
DO 10 L=NSEL,NLST
DO 20 K=1,NY
NODIL s K)=NDINT (K} +{L-NSEL)*{NN-1]
20 CONTINUE
10 CONTINUE
NSEL=NLST+]
RETURN
END .
SUBRODUTINE MERBD(N,H}

MERGES ELEMENT MATRIX DELK INTO GRDSS VECTOR VD

COMMON /ADISC/X(100,1),NOD(50+3), VCORE( 300}
COMMON JAELEM/DELK( 3431 4SELK(343),HE(3),2EN(3]}
14DSHF(3), XEM(31,SHF (3}
COMMON /ASOLV/ISTART{L00) 4NBAND(100),ID(100)
COMMON /CSOLV/VDI{300)yHINT(1004+1)46K{10041)+CTEMP(100,11}
DO 10 I=1,N
IK=NDD{M, 1)
TFUIK.EQ.0) GO TO 10
DD 20 J=14N
JK=NOD{ My J)
IF(IK.GT.JK} GO TO 20
IPDS=1DIIK)I+JIK~IK
VDLIPOS)=VD{TPOSI+DELKLI,J}
20 CONTINUE
10 CONTINUE
RETURN
END
SUBROUTINE MERB3 (N, M}

MERGES ELEMENT MATRIX SELK INTO GROSS VECTOR VK.

COMMON /ADISC/X{100,41),NOD(50+3),VCORE(300]}
COMMON JAELEM/DELK(3,3)+SELK{343)+HE(3),ZEN(3)
1yDSHF(3), XEN(3),SHF (3]
COMMON /ASOLV/ISTART(1001 ,NBAND(100),ID{100)
COMMON /BSNLV/CK (100, 1) 4VK{ 300}
DO 10 I=1,N
IK=NOD (M, 1)
IF(IXK.EQ.0} GO TO 10
DO 20 J=1,4N
JK=NOD (M, J) .
IF(IK.GT.JK) GO TO 20
IPOS=1D(IK}+JK=-IK
VKUIPDS)=VK{ IPOS )+ SELK(T,J}

20 CONTINUE

10 CONYINUE
RETURN
END
SUBROUTINE ESFINDILENsNMyNN(LL)

COMPUTES BANDWIDTH FOR EACH ROW OF THE GROSS MATRIX.

DIMENS ION LV(3)
_COMMON. /ADISC/X(100,11,N0D(50,3}, VCORE(300)
COMMON FASOLV/ISTART{LOC) ¢NBAND(1C0),1DC100]
Do 20 I=1,LL
NBANDIT) =1
ISTART(1} =1

20 CCONTINUE

SCAN THROUGH THC LOCATION VECTOR FOR EACH MEMBER TN FIND
THE POSITION OF THE TERM FURTHEREST FROM THC DIAGONAL IN EACH ROM
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NF2=3

DO 25 I=1,NM

DO 30 J=1,NF2
LY(J)=NOD(I,4}
CONTINUE

DO 45 J=14NF2 R
TFILVIJ).EQ.Q)GD TO 45
DO 40 K=1,NF2
IFILVIJ).GT.LVIK)}) GO TO 40
NW=LV{KI-LV{J)+1
NR=LV(J)

IF(NW.GT.NBANDINR)) NBAND{NR}=HNHW

CONTINUE
CONTINUE

SEARCH FOR THE FURTHEREST OFF~LEFT TERM

DO 55 J=1,NF2
IFILV(JI.EQ.0) GO TO S5

DO 65 K=1,NF2
IFILV(JI.LT.LVIK)) GO TO 65
HH=LV(K} '
NR=LV{J)

TF(NW.LTLISTARTINR) ) ISTART (NR)=NW

CONTINUE
CONTINUE
CONTINUE

SET UP ID VECTOR AND COMPUTE LENGTH OF STIFFNESS VECTOR
ALSO CHECK THAYT NBAND DODES NOT DECREASE BY MORE THAN 1 AT A TIME

LEN=NBAND(1)

DO S50 [=2,LL

TF(NBAND{ 1}-NBANO(I-1).LT.0)
LEN=LEN+NBAND( 1)
CONTINUE

1D(1)=1

DO 60 I=2,LL

ID{TI)=1D( I-1}+NBAND(I~1])
RETURN

END

SUBROUTINE SOLVBS{LL,NLL)

SUBROUTINE FOR THE SOLUTION OF BANDED SYMMETRIC EQUATIONS.

COMMON /ASOLV/ISTART{100),Nl1CO}, IDUMI100}

COMMON /BSOLV/CL100,1),VI300)
DOUBLE PRECISION TEMP,TEMP2

D=1
DO 10 I=1,LL
TEMP=V(ID)}

NEB=JD+N(I)-1
NORMALISE ROW I

DO 20 J=1D,NEB
ViJ)=V(J) /TEMP

00 25 L=1,NLL
C(I,L)1=ClI,L)/TEMP
CONTINUE

ELIMINATION

101=1D+1

1D03=10

IF(IDL.GT.NEB) GO TO 35
DO 30 J=ID14NEB
JI=J-1D1+1

IDJ=IDJ+NILJT)

IF(V(J) 150,430,450
TEMP2=TEMPAV (J])

1oP=J

DO 40 K=1DP,NED
KJI=1DJ+K~-J :
VIKJ)=VIKJ)-VIK) *TEMPZ
NJ=1+J-1D

D0 32 L=1.NLL
CINJ,L)=CINJ,L)-C{I,L)*TENP2
CONTINUE

CONTINUE

CONTINUE

JO=ID+NI(T)}

CONTINUE

BACK SUBSTITUTION

1D=10-1
Ltii=Lt-1

Do 70 IB=1,LL1
I=LL1-16+1

NBAND(I)}=NBAND(I-1)}-1
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ID=10-N(T}
I1SaT+1
IN=T+«N(I)~1
DO 80 J=IS,IN
NJ=1D+J-1
DO 75 L=1,NILL
C(IsL)=CH L. L)=-ClJ L )5VINS)
75 CONTIMNUE
80 CONTINUE
70 CONTINUE
RETURN
END
SUBROUTINE PBC(NBD)

INTRODUCES PRESCRIBED BOUNDARY CONDITIONS.

COMMON /ASOLV/ISTART(100),NBAND(100),1D{100)
COMMON /BSOLV/CKI{100,12,VKI300)
COMMON /BDISC/M{50)  XLENC 50 ), MNE{ 501 4 JBD(2) ,DI SP(
D0 400 I=1,NBD
NR=JBD(1)
CKINR, L11=1.D+20%DISP(])
10T=ID(NR} '
VK(IDT)=1.D+20
400 CONTINUE
RETURN
END
SUBROUTINE HYPROP(NELEM,RGP)

GENERATES PROPERTY INDEX FOR ALL ELEMENTS

COMMON /ADISC/X(1004+1)+NOD{504+3),VCORE(300)

145,

2}

COMMON /VCOM/IPROP(50), IDARCY (503 4H(L00) ,VEL(50,3)y VKEAN{100,1)

DO 10 J=1,NELEM
NJ=NOD(T, 3)
1PROPI{I)=1
IF(XU{NJ¢1).LT.RGP} IPROP(I}=0
10 CONTINUE ’
KETURN
END

SUBRDUTINE SETARG(AKyBK4PMyAGP¢BGP,PMGP ¢ AKK yBKK PKKy 1)

IDENTIFIES THE PRIPERTIES OF EACH ELEMENT.

COMMON /VCOM/TPROP(S50), IDARCY(50)+H(100D)}4VEL{5043)y VHEAN(100,1}

IF(IPROP(I).EQ.O0) GO TO 20
AKK=AK
BKK=BK
PKK=PM
GO 70 10
20 CONTINUE
AKK=AGP
BKK=BGP
PKK=PMGP
10 CONTINUE
RETURN
END ’
SUBROUTINE VCHECK({NN; AKsBK,PK 4VCRy1)

COMPUTES ELEMENT VELOCITIES ANMD CHECKS IF A PARTICULAR ELEMENT BELONGS

TO DARCY OR NON-DARCY FLOW ZONC.

COMMOMN /ADISC/X{100,1)4NOD(50,3), VCORE{300)
COMMON /AELEM/DELK{ 343) ySELK( 3y 3) 4HE (3} ,ZEN(3)
L4DSHF (3}, XEN(3), SHF (3]
COMMON /VCOM/IPROP(5S0), IDARCY {501, H{1C0),VELI50,3
DO 3100 J=14NN
NJ=NOD(1,J) _
HELJY=HINJ) _ .
XEN{JI=XI{NJ, 1)
3100 CONTINUE
DO 3200 J=1.NN
2E=ZEN(J} .
CALL SHFUNLUJsZEsNR4XEsTJ}
GRAD=0.0
DO 3300 K=1,NN
GRAD=GRAD+DSHF (K )#HE(X )} /TJ
3300 CONTINUE
HS=ABS(GRAD)
TEMP=0.5%AK+ SQRT (0. 25% AK**24BKE*HS )
VELLT y J}=—HS/TEMP
IF(IDARCY (1) .EQ.0) VEL(I,J)=~HS*PK
3200 CONTINUE
IDARCY (1) =0
JE(ABS{VELII,3)).GT.VCR) IDARCYLI)=l
RETURN
END
SUBROUTINE ROEST (DIFFUS,TH NDTO,QFIXsTHISINST NNy

LCONST)

)s VMEAN(120,1)

RO yNELEH s NNODE,
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ESTIMATES RADIUS OF IMFLUENCE AT TIME TH.

COMMON /ADISC/X( 100+ 1)4NOD{50,3), VCORE{ 300)
FPI=6R./7.
CONST=QFIX/(FPI%*TMIS)

DO 10 I=NST,NDTD

U=XI{I 4 11#%2/ (4. 0%DIFFUS*TM)
Hr=H(U)

SDRAW=CONST*WW
IF(SDPAW.GT.0.005) GO YO 10
NNODE=I

GO YO 20

CONTINUE

NNODE=NDTO

NELEM= (NNODE-11}/ (NN-1)

GO TO 30

CONTINUE

NELEM= {NNODE~L1/ (NN=1}+1
JFINELEM.LT.3)INELEM=3
NNODE=NELEM*{NN-1)+¢1

CONT INUE

RO=X{KNODE, 1}
TF(NNODE.GT.NDTO) NNODE=NDTO
RETURN

END

FUNCTION w(u}

COMPUTES THEIS WELL FUNCTION.

HC=~0.57T2-ALOGIU}
W=WC

TERM=1

J=1

DO 10 I=1,30

TERM=({ TERM*U) /1
IF(J.EQ.0) GO TO 20
H=W+TERM/I

J=0

GO 7O 30

CONTTHNUE

H=W-TERM/I

J=1

CONTINUE

EPSI=ABS{ (H-WC) /W)
IF{EPSI.LE.C.OLl] GO TO 40
HC=W

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE ELGND(NN,1E,SCsIVERT)

GENERATES ELEMENT MATRIX DELK FOR 3-NODE ELEMENTS.
DIMENSION WC(3),21G65P(3)

COMMON /AELEM/DELK({ 3; 3} ,SELK( 34 3)+HE(3),ZEN(3)
1yDSHF{ 3}, XEN{3}, SHF [3)

146.

COMMON /VCOM/IPROP{50) s IDARCY (50)sH(10D)sVEL{S50,3), VHEAN{100,1)

Sv=SC

NGP=3
265P(1)=0.T745966692415
265P{2)=-1GSP(11
IGSP(31=0.0

HC(11=5.0/9.0

WC(2)=wWC(1]

KC(3)1=8.0/9.0
DO 15 I=1,NN
DO 15 J=1,NN
DELK(1,J)=0.0 .
CONT INUE
DO 10 I=1,NGP
2E=2GSP(I)
CALL SHFUNL(I4ZE,NNyXE,TJ)
XC=XE

IF{IVERT.NE.O} XC=1.0
IF(IVCRT.EQ.O} GO TO 25
1FCIDARCY(IE).EQ.0) GO TO 25
Sv=0.0
DO 65 JJ=14NN

SV=SV+HE( JJI*SHFIJJ)
CONT INUE
N0 60 K=1yNN

DO 50 L=1.NN

FIL=-K]) 50040440
;EE#(K.L?=5ELE[K.Ll*SHFIK]*SHF(Li‘XC*HC‘II*SC*TJ
CONT TNUE
CONTINUE

CONTINUE

DO 70 K=1,NN
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DO 80 L=, NN

TF(L-K) 90,50, 00
DELK{K LI =DELK({L4K)}

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE VECMUL(NNODE ,LEN}

PERFORMS VECTOR®*MATRIX MULTIPLICATION.
VKD = VK*D

coMMON JASOLV/ISTART(L00) yNBAND{100),ID(100}
COMKON /CSOLV}VK[BOOi;D(!OO.l?|VKD{100;!),CTEMP(100.1!
D0 10 ¥=1,NNODE

I1S=I0D(1)

IL=ID{I)¢NBANDII)-1

L=1 .

VKD(I 4L ) =0.0

DO 20 J4=1S,IL

K=I+J-1S -

VEKDIT o L)=VED (T, L}+VK{J)*D(K,L}
CONTINUE

IF{1.EQ.1) GO TO 40

Il=1I-1 -

IST=ISTARTI(I)

DO 30 J=185T,11

K=11-J+1

IP=1D1J)+K .
VKDUT+L)=VKDIUTJL)+VK{TPI*D(J, L)
CONTINUE

CONT INUE

RETURN

END

SUBROUTINE VMULINNODE,LEN)

PREFORM VECTOR#MATRIX MULTIPLICATION.
CTEMP=VD*CK

COMMDN /ASOLV/ISTARTLLOO) 4NBAND(LOO),ID(100)
COMRON /BSOLV/CK(10041)¢VKI(300) .
COMMON /CSOLV/VD(300)HINT(10041) sGK{10051)4CTEMP(100,11
DO 10 I=1,NNODE.
IS=1D(1)
TL=ID(1)+NBAND(TI)-1
L=1
CTEMP(I+1)=0.0
DO 20 J=IS,IL
K=1+J-1S
CTYEMP{I 1 )=CTEMP{I41)+VDI{JI®CK(Ks1)
CONTIHNUE
IF(].EQ.1) GO TO 40
11=1-1 o
1ST=ISTARTII) _ : -
DO 30 J=1IST,I1
K=11-J+1
IP=ID{J)+K
CYEMPI 141 )=CTEMPII, 1)+VDIUIPI*CK{J41)
CONTINUE
CONTINUE
RETURN
1
ELgRDUTINE TIGEN(NTICR.TFACYR.THUL.DTHUL:RH.PH.SS.IHSC.QFIXI

GENERATES DISCRETE TIME VECTOR,TIME.

COMMON /APARA/TLESS (1001, HLESS{100), TIME(60),SW(60)
SWST=0.8
CUN=22.*R W**2/ (T.*QFIX*TFACTR)
TIME(1}=TFACTR

DO 10 1=2,NTICR
TIMEC1)=T I4E (I-1)*TMUL

THUL =T MUL 40T HUL

CONTINUE

RRERW+1.99
CONST=RRE¥2%S5/{4.0*PM)
IF(IWBC.NE. O} CONST= 1000« *CUN® SHST
DO 20 1=1,NTICR

TIME({ 1) =T IME (1) *CONST

CONTINUE :

RETURM

END

SUBROUTINE HPUNCH{NNODE,L ¢ INDEX)

PUNCHES OUT HEAD VALUES AT FINAL TIHME.

COMMON /WORKASVWORK{SCO)
COMMON /?Cn*IIDRﬂPISOJ.ID#RCY[50l1H(lQQI,VEL(SOqu.VHF&N(100.11

" COMMON !AFLXX/FLEhKllﬂoI.QLE&KIIOOI.HCURE(?DG!:HCULD'1001

NPOINT=NNODE
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DO 15 I=1,NPOINT

TFCINDEXLEQ. 1) VHORK(TI=H(T}
TF{TNDEX EQ. 2)VWORK ([ = QLEAKL I}
CONTINUE

NCARD=NPOINT /6

NCARDT =NC ARD +2
WRITE(3,23)NCARDT

FORMAT (// /410X, *1OTAL NUMBER OF PURCHED CARDS =¢,110}

WRITELL,3}NNODE

FORMAT(110)

IST=1

DO 10 J=1,NCARD

TIEND=15T+5
HRITE(Ls13)(VWORK{I )y I=IST, IEND)
FORMAT(6E13.5)

IST=1END+1

CONTINUE

NREM=NPDINT-NC ARD® 6§
TEND=TST+NREM-1
WRITE(LyL13)(VWORK(I }, I=1ST, IEND)
RETURN

END

SUBROUTINE HREAD(NNODE,L, INDEX])

READS IN HEAD VALUES AT INITIAL TIME.
COMMON /WORKA/VWORK (900)
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COMMON /VCOM/IPROP(50),IDARCY (50} 4H{ 100} ,VELI50,3}, VMEAN{100,1)

COMMON thLXK!FLEAK(IOOI;QL‘QK(lOOl;HCDRElQUO) HCOLD(100)

READ( Ly 3)NNODE

NPOTNT=NNODE

FORMAT(IL 0}

NCARD=NPOINT /6

NCARDT=NCARD+1

157=1

DO 10 J=1,NCARD

TEND=1ST+5

RCADIL ¢ 13 }(VHWORK{I)4I=]ST,IEND]
FORMAT L 6E 13. 5)

IST=TEND+1

CONTINUE

NREM=NPOINT-NCARD*6
FTEND=IST+NREM-1
READ(L,13 ) (VWORK(I),I=IST,IEND}
DO 15 I=14NPOINT

IF(INDEX.EQ. 11 HIT)=VWORK(T)
IFLINDEX.EQ.2)QLEAK([)=VWORKI T}
CONT INUE

RETURN

END

SUBROUTINE DCRGENI(RO,RWsNELFy SCFAC,FRLENsNRR}

GENERATES DISCRETISATION PARAMETERS.

COMMON /BDISC/M({50) 4 XLEN( S0}, NNE(50)+JBD[2),DISP(2)
MAXNR=40

NNE(1}=3

XLEN(1 )=FRLEN

M(1)=NELF

RLEN=RO-RHW

SUM=XLEN(1)

00 10 I=2,MAXNR
XLEN(I)=XLEN(I-1)}%SCFAC
SUM=SUM+XLEN(T)

M{I}=NELF

IF{NELF.GT.1) M{T)=HELF-1
IF(ILLEL3) M{1)=M(1])
NNZE(T)=NNE(1)

IF(SUM.GT .RLEN) GO TO 20
CONTINUE

CONTINUE
XREM=RLEN+XLEN(I}-SUM
NRR=I-1

SUBDIVIDE THE REMAINING LENGTH.

ELEN=XLEN{NRR}/MINRR}
IF{XREM.GT.ELEN) GO TO 30
M{NRR) =M{NRR} +1
XLEN{NRR)=XLEN(NRR)+XREN
GO TO 40

CONTINUE

NRR=NRR+1

MINRR) =XREM/ [SCFAC*ELEN)+L
XLEN(NRR)} =XREM

CONT INUE

RETURN

END

SUBROUTINE SWMOD (I Q,s 1T, RCSNGy DLTA+QF IXs QAQFR, ' SHOLDY}
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ADJUSTS THE VALUE OF WELL DRAHDOWN.

COMMON IhPARA/TLESSIlGOl;HLESS(IOOIsTIME{60115H{6OI

COMMON InPAR&/ﬂSH{Bi;QCALC(BIoVSIlUI;QELIﬁI:GELK(ﬁl
DELT=DLTA/10.%%3

ACSNG=22.0%RCSNG%%2 /7.0

IF{IQ.NE.1Y GO TO 15
QRATIO=QAQFR/QFIX
IFCABS{QRATIO).GE.C.B) GO YO 10
THM=TIME(IT}-0.5%DL TA
FACTR=0.5%DELT/ACSNG

QDEL=QF IX—QAQFR*0,95*TIME(IT} /THM
IF(ABS(QRATIO)}.GEL0.5]) QDEL=QF I X-QAQFR
DSWIIQ)=FACTR*QDEL

DSHIQ)=-DSW{IQ)

GO YO 20

CONTINUE

TOLO=TIME(IT~2)
ARGLI=(TIME(IT)~0.5%DLTA)/TOLD
ARGLZ=TIMEIIT-1)/TNLD
TLOG=ALOG{ARGL 1) /ALOG{ARGL2)
DSWIIQ)=(SWEIT-1)=SWIIT=-2))%{1.~TLOG)
DSW(IQ)=-DSKW(1Q)

TE(DSH(TIQ).GT.0.1 DSW(IQ)=0.0

GO TD 20

CONTINUE

IF(IQ.6T.2) GD TO 25

DSW{TQ)=DSH{ IQ~1)*QFIX/QCALC(IQ-1)

GO TO 20 .
CONTINUE

DOSW=DSH( IQ-1)1-DSH{IQ-2}
TERM1=QFIX-QCALC(1Q-1)
YERM2=QCALC(TQ-1)~-QCALC(IQ-2)
DQR=TERM1 /TERM2

DSW{TQ)}=DSH( IQ-11+0DSH*DQR

CONTINUE

SH{IT)=DSW(IQ)+SHOLD

RETURN

END .
SUBROUTINE AQDIS(GP4NLEN, QAQF Ry QRDIF,DELT, TH, RCSNGy DSH, IQ,QFIX)

COMPUTES TOTAL DISCHARGE INTD THE WELL.

COMMON /VCOM/TPROP (50)  IDARCY (501, H{ 1001 s VEL{50,3 1, VMEAN{100,1)
COMMON /BPARA/DUM(3 1, QCALCI3},VS{10),QELL&6)GELKIG)
SUM=0.0

DO 10 I=1,NLEN

SUM=SUM+VSII ) *H(T)

CONTINUE

SUM=SUM~GP

THPI=44./7.

SUM=-SUM*THP ] *TH*2. /DELT

QAQFR=SUM

ACSNG=0.5*%TWPI*RCSNG**2

TRM=ABS(ACSNG*DSW*2./DELT)

QCALX=QAQFR+TRM*10.**3

QRDIF=ABS (QF IX—QCAL X}

QCALC({IQ)=QCALX

RETURN

END

SUBROUTINE ROUT{NNODE)

.PRINTS OUT HAED VALUES AT FINAL TIHME.

MMDN /ADISC/X[100 11,NOD(50,3), VCORE{300])

EgHHgN ;VCUH/IPRDPI;O):ID&RCYI50)uH(lGﬂ?|VEL|50|3’!VHE&N[190|I}
COMMON /hPﬁRﬂ/TLESS[iDD]lHLESS(100)}TIHE‘601U5H(60|

DATA NREADJNPRINT/1,3/

HRITE(NPRINT 53]}

FORMAT(// /)

HRITE(NPRINT3)

WRITE(NPRINT,13)

HRITE{NPRINY 23}

WRITE(NPRINT,,13)

WRITE(NPRINT, 3)

FORMAT [5X,50(%#')) .

ORMAT(SX "% 43X, ¥

iﬂk"hT(5X:'*':llx:'F]NAL RESULTS OF ANALYSIS® 12Xy %)
WRITE(NPRINT,33)

DO 10 1=1,NHODE
HRITEINPRINT;43]I'X(l:ii'H{X?'TLESS{IliHLESSEII

A V5. WLUYY W/ 7/

tHEAD .VS. RADIUS AND 1/U V5. [l

lFORHATII//gfg;:.NaDE.'lox'.a_cosﬁn,'lox'.HE&Dn'lhx'tx,ut,;qx'
1w, 7/)
FURH&T:IQK;I3|61,F10-2,BX.F10.‘:TX|E11-4110X|F10-41
RETURN

END
SUBRDUTINE BS]NP(NNODE,TH,DIHDEX:SY:DELT.ITrITH[Nl
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EVALUATES BOULTON'S CONVOLUTIONAL INTEGRAL BY SIHMPSON'S 1/3 RULE.

DIMENSION FNL3)

COMMON {AP&RA!TLESSIIOO!,HLESS[iOOi.TIHElbOI;SHIGOI

COMMON FCSOLV/VD 300, HINT{100, 1) 4GK (100, 1) sCTEHP(L1 00,411

COMMON IVCGH/IPRHP(SOi.IDARCYIBOJ'Htlﬂﬂl.VEL(GGIBIpVHEthlﬁoﬂll
COMMON JAFLXX/FLEAK (1000, QLEAKI10C) y HCORE (SO0}, HCOLD(100)

DOUBLE PRECISION DEXP, ARGU, FN,QCUNT

WRITE(3,3)

3 FORMAT(///4+20X, ' LEAKAGE NODAL FLUX",///,10X, ' HODE NO.',
1 20X, *FLUX VALUE*',//)
ITH=1T-1

IFCITH.EQ.0) GO TO 5
TH=TIME(1TM)
TOLD=ATIME(ITI+TIME(ITH )} *0.5
GO T0 15

5 TH=0.0
TOLD=0.5+*TIME(IT)

15 THM={TIME(IT)+TIHE(IT+1)}#0.5

DD 20 I1=1,3
TC=TM«DELT*(1I-1)%0.5
ARGU=-(TMM=TCI*DINDEX
FNEIT)=DEXP(ARGU)

20 CONTINUE
ARGU==DINDEX*{TMM=-TOLD}
NHOD1=NNODE-1
QLEAX{NNODE)=0.0
DO 30 I=1,NNOD1

TF(IT.GT.ITHIN) GO TO 40 //"—‘-mh
TI=2.%FNCLY%(HINT(I,1)=HCOLD( 1)) oy OF KEW 3UL-'.TH'H';"

Y224 #FN(2)% (H(T}~HCOLO (1)) S
T3=2.#FN(3) % (H(1)~HINT (I, 1)) /oS
DY TrieTaemd - /" WATER REFERENC
GO TO 50 I, N
40 CGNTINUE W\ LIBRARY
DQ  =(H(I)=HINT(I, 1) J*(FNI1) 44 FN(2)4FN(3)) \ _
50 CONTINUE _ R P
DQ=-DQ _ e

QCUNT=QLEAK(T)*DEXP (ARGU)

IFI0Q.LT.0.0) DQ=0.0

QLEAK(T1)=QCUNT+0Q

WRITE(3,13)1,QLEAKLT) :
13 FORMAT(10X,15,20X%X,E13.3) ) ) o
30 CONTINUE

WRITE(3,13) NNODE, QLEAK(NNODE)}

RETURN

END

SUBROUTINE VAVEGL(NNODE  NELEM4NNJ

COMPUTES AVERAGE NODAL VELODCITIES.

DIKENSION ICOUNT(100)

COMMON /VCOM/IPROP(50), IDARCY(50),H(100)4VEL(5043), VMEAN{L00,41]
CCMMON /ADISC/X(100,1),N0OD(50431,4VCORE(300)

DATA NREADyNPRINT/1,3/

WRITE(NPRINT ,43)
43 FORMAT('1',//,10X, *NODAL VELOCITY PRINT QUT'4///»
110X, "NODE 'y 14X, " COMMON ELEMENTS'y 14X, *VELOCITY"4///)
DO 10 J=1,NNODE
VMEAN(J,41)=0.0
ICOUNT (J) =0
10 CONTIHUE
DO 20 K=1,NELEM
DO 30 J=14NN
NJ=NOD({K, J)
VMEANINJ s 1)=VMEAN(NJ, L1 #VEL(K,J}
TCOUNTINJ)=TICOUNT(NJ}+1
30 CCNTINUE
20 CONTIHNUE
DO 40 J=1,NNODE
DIV=ICOUNTLY)
VMEAN(J,y 1 )=VMEAN(JI, 1} /DTV
WRITE(NMPRINT,13) J:DIV,VHEAN(J.1)
13 FORMAT('0',10%,13,20X,F3.1,20X:F10.5)
40 CONTINUE
RETURN
END
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INTEGRATED HWELL~-AQUIFER SOLUTION SYSTEM. g
- DEVELOPED BY P.S. HUYAKORN.
STCON3 ¢ PROGRAM FOR SOLVING STEADY, THO=DJMENSIONAL,DARCY OR TWO-REGIME
FLOW USING TRIANCULAR ELEMENYS.,
VERSION DATED OCTOBER, 1973,
FOR FURTHER INFORMATION;CONTACT
P.S. HUYAKORN DR C.R. DUDGEON
WATER RESEARCH L ABDRATORY
KING ST.,MANLY VALE

SYDNEY N.S<H. 2093, AUSTRALIA.

PROGRAM AND INDICATED BY $1 OR $1,SK SIGN-

LIST OF INPUT VARIABLES

NPROB
IVEL

IDISCR

OREL AX
RW

RO

HO

TH
HTOL

2z iakzisiatzlzisisizisintaixiatalsinisinialalzintsiziakakalskskaRa ks Ra s o N ol )

1G6P
IAQTA
AK

BK

VCR
AGP
BGP
VGP
THGP
BTGP
PA
THA
HH

FRLEN

SCFaAC
XLMAX

IREG - 1

NMIN
IPENTR

HDSC

MSCREN
Xscriny
HSCR{T)

(3R e e s NN e e a e Nl e N e Na N el e N N e N a R e N e N s N e Ny e N R e e R e e R N e N N N e N e NN e R e N e N NN oW e N a N o)

"

nw wnn Il

"

R ownH W R

L]

#%% PROBLEM VARIABLES ##x

MUMBER OF PROBLEMS TO BE SOLVED

VELGCITY PRINT-0JT INDEX

FEED IN IVEL=0 IF VELOCITY PRINT-OUT IS NOT REQUIRED OTHERHWISE
FEED IN IVEL=1

DISCRETISATION DATA PRINT-0OUT INDEX

FEED IN IDISCR=0 IF DISCRETISATION PRINT-OUT IS NOT REQUIRED
OTHERWISE FEED IN IDISCR=1

OVER-REL AXATION FACTOR FOR NON-LINEAR HEAD ITERATION
SUGGESTED VALUE LIES BETWEEN 1.50 AND l.85

RADIUS OF WELL SCREEN

EXTERNAL RADIUS 3R RADIUS OF INFLUENCE

INITIAL HEIGHT 02 DRAWDOWN DF WATER TABLE AT EXTERNAL RADIUS
THICKNESS OF AQUIFER

HEAD TOLERANCE FJI NON-LINEAR ITERATION ON HEAD VALUES
SUGGESTED VALUE IS 0.10 OR A FEW PERCENT OF HO-HW

GRAVEL PACK INDEX,IGP=1 FOR GRAVEL PACKED WELL,

IGP=0 FOR NON-GRAVEL PACKED HELL

AQUITARD INDIX,IAQTA=1 [F THERE IS AN OVERLYING AQUITARD
IAQTA=0 IF THE MAIN AQUIFER IS CONFINED BY IMPERMEABLE STRATA
FORCHHEIMZR LIMEAR HYDRAULIC COEFFICIENT OF AQUIFER

FEED IN AK = 1./Pv IF OHNLY DARCY FLOW SOLUTION TS REQUIRED
WHERE PM = COEFFICIENT OF PERMEABILITY OF AQUIFER

NON-L INEAR HYDRAULIC COEFFICIENT OF AQUIFER

IF ONLY DARCY FLOW SULUTION IS REQUITRED SET BX=0.

CRITICAL FLOW VELJCITY WHERE NON-DARCY FLOW COMMENCES

LIHEAR HYDRAULIC COEFFICIENT OF GRAVEL PACK MATERIAL

NON-L INEAR HYDRAULIC COEFFICIENT OF GRAVEL PACK MATERIAL
CRITICAL FLDOW VELICITY OF GRAVEL PACK MATERTAL

THICKMESS OF GRAVEL PACK

HEIGHT OF BASE OF GRAVEL PACK ABOVE BASE OF AQUIFER
COEFFICIENT OF PERMEABILITY OF OVERLYIRG AQUITARD

THICKNESS OF OVERLYING AQUITARD

HEIGHT OF WATER LEVEL IN THE WELL OR WELL ORAWDIWN

*2% DISCRETISATION PARAMETERS *=*

LENGTH DF FIRST SUBREGION

SUGGESTED VALUE IS FRLEN=RW .

FOR GRAVEL PACKED WELL.FRLEN MUST NOT EXCEED THICKNESS OF PACK

SCALE FACTOR TO BE USEFD IN COMPUTING THE LENGTHS OF REMAINING

SUBREGIONS.SUGGESTED VALUE IS SCFAC=1.50

PRESCRIBED MAXIMUM BLOCK LENGTH T2 AVOID ILL-CONDITIONED

ELEMENTS .MAXTHUM VALUE OF XLMAX SHOULD NOT EXCEED 25.*TH

NUMBER OF REPEATED REGULAR BLOCKS WITH THE SAME NUMBCR OF NODES

ON THE LEFT AND RIGHT VERTICAL UINES

SUGGESTED VALUE IS IREG=Z

MINIMUM MUMBER OF NODES ALONG A VERTICAL LINE

Y0 MINIMISE THE TOTAL NUMALR OF NODESsSUGGEST NMIN=2

PENCTPATION INDEX TN INDICATE HWHETHER THE wWELL PARTIALLY CR
RATES THE AQUIFER :

Egkkﬁﬁifo;R;quHELL PARTIALLY PENETRATES THE AQUIFER AND

BOTTOM ENTRY THEJUGH SCREEN IS TOD BE TAXEN INTO ACCCUNT.

OTHERWISE IPENTR=0

TOTAL NUMBER 0OF NOOES ON MELL SCREENISH

NDSC IS TO BF CGREATER THAN OR EOUAL_TG 2

NUMBER OF SCREFMED INTERVALS

I-COORDINATE OF BAST OF SCRIFEN 1 ABOVE DATUM

LENGTH OF WELL SCRIEN NUMBER I
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LIST OF our

PUT VARIABLES

OAOOOOOACO

993
1003
1013

1023
1033

1011

9003

2003
2193

111
193

213

23

331

NNDDE
X

H
TLESS
HLESS
QSUM
NELEM
NOD
VEL
VCOMP1
vCeoMpP2
IDARCY

AR EEEEERERER)

COMMON /WSC
COMMON /ADI
COMMON /BDI
COMMON /A SO
COMMCN /BSO
COMMON /CSO
COMMON /ADP
COMMON /AEL
COMMON /BEL
COMMON /VCO

TOTAL NUMBER OF NJDES IN THE FINITE ELEMENT NETHORK

RADIAL ANO VERTICAL NJOOAL COORDINATES

NODAL HEAD OR DRAWDOWN VALUES

NODAL VALUES OF DIMENSTONLESS RADIUS,1/U

NODAL VALUES OF WELL FUNCTION FOR STEADY FLOWgHI(U)
CALCULATED DISCHARGE FROM AQUIFER INTO WELL

TOTAL NUMBER OF ELEMENTS IN THE NETWORK

NODE CONNCCTIONS GF ELEMENTS IN THE FINITE ELEMENT NETHWORK
ABSOLUTE ELEMENT VELOCITIES

RADIAL COMPONENT JF ELEMENT VELOCITY

VERTICAL COMPONENT OF ELEMENT VELGCITY

INDEX TO INDICATE 1F A PARTICULAR ELEMENT BELONGS TO DARCY
OR MON-DARCY ZONE,IDAICY=0 FOR ELEMENTS IN THE DARCY ZONE,
IDARCY=1 FOR ELEMENTS IN THE NON-DARCY ZONE

REN/XSCR (5), HSCR(S)

SC/X{300,2),NOD(500,3) {NREP(500)

SC/RVEC(50) yNDVECI50},JBDI50),DISP(50)
LV/ISTART (300} 4NBAND(300),ID(300)
LV/CKI(300,1)VK{2060)
LV/VD(20C0) s HINT{30041),IPROP(S500},D(3,43)
ARA/TLESS(300) ,HLESS{300)46K{30051),VDTIP{200}
EM/ELK{3434150)4EK{3,3)
EM/BL15043),C(15C, 3} ,4REA{150)
M/ORX{500) ¢ VEL(500)sH(500),IDARCY(500]

COMMON /BQCAL/VKQU600) ,QWB(40}
DATA NREADyNPRINT/1,3/

o o Ak ok ek
*

* BLOCK 1
*

K&k
* .
*
*

e o dok X ko ke
PRINT INITIAL HEADINGS

HRITE{NPRINT,993)
WRITE(NPRINT,1013)
HRITE(NPRINT,1023)
WRITE(NPRINT, 1013}
HRITE (NPRINT,1033)

HRITE(NPRINT,1013) . . -

WRITE(NPRINT,1003) -
FORMAT (1H 1y 4%y S1H #&fokkkkkldk okl SRk E R e RS XLk ARk kG Rk k& X
%
lFOA“A?(SX.SlH #***#*###t###t*******t*#tt##ttt**t***t**#*tt&#t*#t;
*
FORMAT(5Xs51H * .

FORMAT(sx:SIH * FINITE ELEMENT SOLUTION OF : *)
FORMAT (5X,51H * ~ STEADY STATE,TWO-DIMENSIONAL CONFINED FLOW *)

READ AND PRINT GENERAL DATA

READ(NREAD,1011)NPROB,1VEL,IDISCR, ORELAX

FORMAT (3110, F10.2)

DO 4800 JPRO=1,NPROB

HRITE (NPRINT,9003)JPRO .
FORHAT(///'26X'50('*')o/.ZOX.'*'.13X|'PRDBLEH NUMBER =,
1 16912Xy" %% 4/ 420X,50( %"} )
READ(NREAD; 2003)RWy RO,HCy THy,HTOL

FORMAT (5F10.2)

WRITE{NPRINT,2193)0RELAX UT OATA® /7

FORMAT (// 420X, "GENERAL INP 1/ /s
1 ' lO&.‘DVER—RELAXATION FACTOR =%,F10.2}
READ(NREAD,111)1IGP [AQTA )
FORKMAT (2110]) o IACTA

WRITCE (MPRINT,193)1GP,

FORMAT (/, 1CXy 'GRAVEL PACK INDEX =%415,//4

1 10Xy PAQUITARD INDEX =415}
READ(NREAD;2013) AK,BK,VCR

FORMAT (3F10.3)

PMK=1./AK

IF(VCR.GT.0.00001) PMX=l./(AK+BKEVCR)

RGP=R¥W

v TOL

WRITE (NPRINT 23 5K, BKy Ry RO, HO, THy H
FORHAT(Z(/).IOX,BZHAOUIFER AND WELL CHARACTERISTICS o///4
L10X; LSHPERM. CDNSTANT A = ¢F10.34//y
210X 4 19HPERM. CONSTANT B = 4F10.34//4
310X, 19HRADIUS OF WELL = +F10.34//
410X 422HRADIUS OF IMFLUENCE = 21F10.34//4
S10X: 24 HHE IGHT OF WATER TAGLE = 'iig.go§59
610X, 26HTHICKNESS UF AQUIFER = o <3¢//0
710X:39HTDLERANCE FOR SUCCESSIVE HEAD VALUES = 1F10.3)
IFLIGP.EQ.C) GO TO 29
READINREAD, 331 1AGP, AGP, VGP» TRGP 4B TGP

FORMAY (5F10.3)

GRGP=AGPEVGP4+BGPEVGP**2

PMGP=1./7AGP

IFIGRGP.NELO) PMGP=VGP/GRGP
WRITE(NPRINT 4 153)AGP,8GP, VGPy PHGP

$1

$1

$1

$t

$145K
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RGP "= RW + THGP
153 FORMATU(// /420Xy *GRAVEL PACK PROPERTIESY///
10X4'COCFFICIENT A =',F10.47/
10Xy 'COCFFICIENT B = ¢ ,F10.4/7
LOX, *CRITICAL VCLOCITY = *,F10.4/7
LOX,*COEFFICIENT K = Y F10.4/7/}
HRITE (NPRINT,163) THGP, RGP
163 FORHAT(LUX,* THICKNESS OF PACK = ¢,F10.2//
1 LOXy *RADIUS OF PACK = ', F10.2//)
29 CONTINUE

T T

READ AQUITARD DATA.

IF(IAQTA.EQ.0) GO 7D 39
READ(NREADs 7T11PA, THA
Tl FORMAT(F10.44F10.2)
BFAC=PA/THA
HRITE(NPRINT;273)PA,THA
273 FORMAT(///420Xs "AQUITARD PRIPERTIESY,///,
1 LOXy "HYDRAULIC CONDUCTIVITY =*,F10.5//
2 10Xy "THICKNESS =',Fl0.2//)
39 CONTINUE
READ (NREAD; 2023) HW
2023 FORMATI(FL10.2}

Sk g e o e ke ko
%* *
* BLOCK 2 *
% *
ekt Ao e ek -

READ AND PRINT DISCRETIZATIIN PARAMLCTYERS.

READ(NREAD,;901)FRLEHN, SCFAC, ZLH&X:IREG.NHIN
901 FORMAT (3F10.2,21101

READ(NREADs501) IPENTR,NDSCy NSCREN
601 FORMAT{3I10)

READ WELL SCREEN DATA.

SCLEN=0. ,
HRITE (NPRINT,553}

154,

553 FORMAT { /5 10X, *SCREEN ND.' ;10X ¢ *BASE HZIIGHT 414X, *LENGTH 4 //}

DO 702 T=1,NSCREN
READ{NRFAD,601LIXSCR{I)4HSCR(I ]
601 FORMAT(2F10.2}
WRITE(NPRINT563) 14 XSCRUI)4HSCRIT}
563 FORMAT(LOX:T6414%XsF11.2+10%,F10.2}
Toz SCLEN=SCLEN+HSCR{I1]
- WRITE(NPRINT;139)1PENTR,NDSC
NDSC= NDSC- NSCREN + 1
139 FORMAT(/,10X,*PENETRATION IVDEX =4 15477
1 10X *TOTAL NUMBER JF MNODES ON WELL SCREEN(S)

GENERATE AND PRINT DISCRETIZATION DATA.

CALL GXNOD{IPENTR,NDSC,SCLENsFRLEN,SCFAC,
IXLMAXy IREGyNMINy Ry ROy THy NHODESNELEMyLVEC, IDISCR}

GENERATE IPROP.
CALL AQPROP{NCLEM4RGP,BTGPyTH,IGP)

Ao ek sk e e ddod ok
* *
% BLOCK 3  *
% *
EEERREREEEEE Sk

. PRESCRIBE HEAD VALUES AY BOUNDARTES AND FIND BANDHWIDTHS.

HWDRAW=HW-HO
HODRAW=0.0
HDW=NDVEC (1)
NORO=NDVEC(LVECI-NDVECI{LVEC-1)
CALL BMDF IX{HW,HOyNNODE 4NBDyNUW4NDRD 4NBH,RN4NSCREN)
HRITE(NPRINT,203)
203 FORMATU////7+1CX, "PRESCRIBED NODES AND VALUES',.//s
1 10X, *MODES 'y 6X, ' PRESCRIBED VhLUES'.I/J
0O 200 1=14NBD
WRITE{NPRINT,21303B0(11,DISPLT)
213 FORMAT{BX,I5¢8X%yF10.3}
200 CCNTINUE

. IF{ IAQTA.EQ.O0) GO TO 166

CALL VDFBILVEC)
DO 176 I=1,HNCDE
HINT(1,1)=0.0
176 CONTINUE
166 CONTINUE

FIND BANDH!DTHS ETC.

=4,15)

$14SK

$l

$1
$1

&NSCREN*
51

I*
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CALL EBFIN3(LEN,NELEM,3,NNODE}
WRITE (NPRINT,233)LEN
FORMAT(//7//7/+ 10X 25HLENGTH OF GROSS VECTOR = 1184/7)
DO 130 I=lyLEN

Vo{Il)=0.0

CONTINUE

NT=0

NN=3

SC=1.

DO 135 I1E=1, NELEM

CALL ELGNO3(NT,SC,IE}

CALL MERBD{(MNyIE)

CONTINUE

SET IDARCY

DO 99 I=1,NELEM
IDARCY (1) =0

CONTINUE

NBSTOR=NBW
TF(XSCR(1).GT.0.} NBU=0
NBP=NBW+1
IF(NBP.EQ.1) GO TO 94
DO 117 I=1,NBHW
CK(Ts1)=HW-HO
CONTINUE

CONTINUE

SET UP LOOP FOR ITERATION ON H

HRITE(NPRINT 41583 )HW

1583 FORMAT('[‘,///,[OX,‘***#***k*****#*t*#*t******##**#***$#*#**',/,

XY 2 NaTz lakats)

COOON

1 10Xy "% WATER LEVEL IN THE WELL =t4F7.2,3X,'%%/,
2 lOX"#*****#******************#*#**v******#t*‘l
VCDUNT=0 . :

NCOUNT =NNODE

IF(BK.LT.0.000001) NCOUNT=0

DO 999 I11=1,10

Fokeok e ok o ik el okok 3 %ok
%* *
* BLOCK 4 %
* *
ek Ao Bk ke e ol 2ok
ZERD GROSS STIFFNESS MATRIX AND LOAD MATRIX
DO 300 I=1,LEN
. VK{I)=0.0

300 COWTINUE
DO 305 I=NBPyNNODE
CK{I,11=0.0

305 CONTINUE
COMPUTE STIFFNESS MATRIX FIR EACH ELEMENT AND MERGE

FOR ITI=1 ONLY PERFORM SODLUTION FOR DARCY CASE

DO 350 I=1,NELEM
IF(IPROP(I}.EQL.0) GO TO 755
AKK=AK
BKK=BK
PKK=P MK
GO TO 365

155 CONTINUE
AKK=AGP
BKK=BGP
PKK=PMGP

365 CONTINUE
NT=NREP(I)

350

OO0

[2 X2 Xs)

86

122

CALL ELGNCY{T,111,AKKsBKK NTsVCOUNT,PKK)
CALL MERB3(NN+I)
CONTINUE

ADD LEAKAGE TERM CONTRIBUTED BY AQUITARD.

IF{IAQTA.EQ.0) GO TO 86
BFL=BFAC

CALL GVMODILVEC,BFL,4+0}
CONTINUE

I=NOVEC(L)¢+1
LNN=ID(I)-1

00 122 I=1.LNN
VKQ(I ) =VvK{I}

CONTINUE
RAEACRRRE SRR
* *
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C % BLOCK 5 = .
C * * : -
c Tl ek deakobhedok
c
c SOLVE EQUATIONS BY EMPLOYING GANDED ELTMINATION SCHEME.
C .
NLL=1
CALL QFLUX{NBW,NHGDE)
CALL SYMSOL(NNODE s NLL,NRH)
c
c PRINT OUT SOLUTION FOR FUNCTION
c ONLY THE DARCY AND FINAL SOLUTIONS
c
IF(I11.€Q.1) GO TO 900
NCOUNT=0
EMAX=0.0

[a XN

Ao O0A0

[aXale.

DO 450 1=1,NNODE
EPSI=CK{T,1)~H(T)
IF(ABS(EPST) «GTLE®AX) EMAX=ABS(EPSI)
TF{ABS{EPST) .LELHTOL) 60 TD 460
NCOURT=NCOUNT+1
H{I)=H{I) +ORELAX*EPS]
GO TO 450
460 CONTINUE
H{I1=CK{Is1)
450 CONTINUE
IF(NCOUNT .EQ.0) GO TO 1000
GO TO 1999
900 CONTINUE
DO 950 I=1,NNODE
HII)=CK(1,41)
RHD=0.5%X (T, 1} /TH
TZI=X{I1,2}/7TH .
SDLESS={HO-H{I}} /(HO-HW])
950 CONTINUE
IF{NCOUNT.EQ.0) GO TO 1060
1999 CONTINUE .

REGENERATE IDARCY
DO 199 I=1,NELEM CALL HYPROP(I,AK, BK, PMK ,VCR,AGP, BGP, PMGP, VLGP,
JI=NODLTI4 1) AL ,BL, PML, VCL) oo

J2=N0D (1, 2}
J3=NOD( I, 3)
NT=NREP(I}
CALL VCHEC3(IsALyBL 3 J1yJ29J3y NT4PMLy VCL ¢HRRXyHRRY)
199 CONTINUE . ps
999 CONTINUE
1000 CONTINUC
IF(NCOUNT.NE.O} GO TO 50C0
HWRITE{HNPRINT,413)111,EMAX
413 FORMAT(//,10X, *NO. OF ITERATIONS REQUIRED =',15,//,s
1 10X, *MAXIMUM ERROR IN HEAD =',F10.3)
HRITE(NPRINT,433)
433 FORMAT('0',20X,*FINAL SOLUTION®'///,
1 S5Xy *HODE' s 10X *R-COORD* 4 10X, *Z-CODRD"* y1 OX,*HEAD®,
2 10X, *RHOCOORD "3 10Xy '"TZI=COORD" y 10X, "DRAKDOWN RATIO"4+/)
DO 470 1=1,NNODE
RHO=0.5*X{1, 1) /TH
TZI=X[1,2)/TH
SOLESS =(HO-H{1)}/{HO-HW}
WRITEINPRINT y953) 14 X(141},%X(1,2),sH(I),RHO:TZI,SOLESS
953 FORMAT (5X;I13,2(6X:F10.2)34(8XsF10.4))
470 CONTINUE

F3 3333 2R 2 2 &1
3 *
* BLOCK 6 *
* *
E3TEIEESEL L+ 2 )

EVALUATE VELOCITY AND GRADIENT USING FINAL HEADS

799 CONTINUE
VCOUNT=1

COﬁPDTE AND PRINT ELEHENT VELOCITIES

IF(IVEL.EQ.O0) GO TO 7000

WRITE(NPRINT, 1203}
1203 FU;Hnrt!l!'f;,'zox'lt*#lttﬁ‘tl*i#t****ttt#t*#tﬁﬁ#“t##*ﬂ#t‘ﬁt.[

1 20X, '* i ELEMCNT VELOCITIES B/
2 20X, VERESRILEREATE SRS SRR ERERTVASRERRURCRI GO &I/ [/
316X,'FLEH NO.'.{OX"RADIQL VELY 410X, " VERTIC VEL'310Xy *IDARCY®//7)
DO 3000 I=1,NELEM
JI=NOD(TI4 1)

J22NODUT, 2) CALL HYPROP(I,AK, BK,PMK ,VCR,AGP, BGP,PMGP, VGP,
J3=N0D( 1, 3) AL, BL, PML,VCL)
NY=NREP(])

CALL HCHECB(I.thhL;Jl.JZ.J3|NT.PHL,?CL;HRﬂE'HRRY’-




157.

VCOMPL==VEL{ 1) *HRAX
VCOMP2 =~VEL (1) *HRRY
HRITF[NPR!NT;l!U}II.VCDHP[,UCGHPE.ID&RCY{II

1103 FORMAT (LOXeI1542010X,F10431410%,15)
3000 CONTINUE
T000 CONTINUE
c - R
NBH=NBSTOR
CALL QCALCINBW,Q5UM}
BLEAK=RO
IF(TAQTA.EQ.0) GO TO 4505
BLEAK=PMK*TH*THA/PA
BLEAK=SQRTIBLEAK)
4505 CONTINUE
J=1
. CALL TCURV3{HO,BLEAKyNNODE; QSUM,AKyBK,PMKsTHeJ}
5000 CONTINUE
C - - c
C . C
E IF SO REQUIREDyUSER MAY CALL HIS PLOTTING SUBROUTINES c
[
c AT THIS LOCATION. c
C C
(o} - - C
c
c THE FOLLOWIMNG PLOTS MAY BE OBTAIMED:-
c (1) DISCRETISATION PATTERN+OBTAINED BY USING VARTABLES NODy Xy
c NELEM;NNODE :
c (2) CONTOURS OF HYDRAULIC HEADS,OBTAINED BY USING VARIABLES
C He Xy NNODE, NODy NELEY
c (3} DIMENSJONLESS TYPE CURVES,OBTAINED BY USING VARIABLES HLESS,
C TLE SS4NNODE . _
c {4) VELOCITY FIGLD,OBTAIMED BY USING VARIABLES VEL,X,NODyVCOMPL,
c VCOMP2
c {5) LOCATION DOF NON-DARCY FLOW ZONE,OBTAINED BY USING VARIABLE
[ IDARCY, NELEM :
c . -
4800 CONTINUE
stTop
END

[s 22K 2]

[sX3X 4]

50

55

a3

94

SUBROUTINE GXNOD{IPENTR,NDSC,ySCLEN,FRLEN,
1SCFAC s XLMAXy IREGyNMIN s RH4RUTHyNNODE ¢ NELEM, LVEC , 1 DISCR)

GENERATES AND PRINTS ALL DISCRETIZATION DATA.

COMMON /ADISC/X{300,21,NOD{500,3) NREP{ 500}
COMMON /BDISC/RVEGI S50}y NDVECI 501y XLEN{ 100}
COMMON JAELEM/NTRAN (3,900 yNHL(3,90)4NH2{3,90);NDBL( 34901y
INDB2(3,90 }, NDWB{9) ,
DATA NREAD,NPRINT/L 43/

NESC=NDSC

IFLIPENTR.NE.O) NESC=NDSC-1

XEL=SCLEN/(NESC-1)

THCSNG=TH=SCLEN+.01

NCSNG=THCSNG/ XEL

XREM=THCSNG-XEL*MCSNG .
IF(XREML.GEJXEL ) NCSNG=NCSNG+1 )
NDHB( L) =NCSNG+NDSC

TH=SCLEN#XEL *NCSNG

CALL DCRGNB{RO;RH.SCFAC,FRLEN.NRR,XLH#X}
IF{IPENTR.NELO) GO TO 50 - :

NRST=1

NFR=NDWB( 1)

NSTFR=1

GO TO 55

CONTINUE

XEL=2,0«SCLEN/(NESC-1)

THC SNG=TH-SCLEN+.01

NCSNG=THCSNG/ XEL

XREM=THCSNG-XEL#NCSNG

XEL=0.5%XEL

IF(XREM.GEL.XEL) NCSNG=NCSNG+1

NOWBI{ 1) =NCSNG+NDSC

NRST=4

NHALF=NDSC/2

NFR=NDWB([ 1)~-NHALF

NSTFR=NDWB{ 1) tNFReNHALF +2

CONTINUE ]
CALL NCRGFH{HFR,IREG.NRR.HM!N,HSTFR.NRST|IPENTRi
IF(INISCR.EQ.0) GO 1O 94

HRITE{NPRINT,33) NDWB(L) NPR

FORM 116,20X, "DISCRETIZATION DATA,// /s
1 ORRATI 'IOX:‘NUMBKR F NJIDES AT WELL DOUNDARY =0, 110,///s
2 10X, * TOTAL NUMBER OF REGIGNS =1,110]}

CONTINUE

DISCRETIZE ENTIRE REGION INTO FINITE ELEMENTS.

KCREP=1
NTSCL=1
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IF{NRST.EQ.1)} GO TO 655

CALL DCRFST{IPENTRyHDSCKCREP,NTSEL)
CONTINUE

DO 65 I=NRST,NRR
N1=NH1(1,1)
NFND1=NDBI(1,1)
NEND2=NDB2(1, 1)
NPAT=NTRAN(1,]}

CALL 8BL0CK(KCREP1N1 NFNDl,VFNDZ,NPAT:NTSEL)
CONTINUE -

PRINT OUT ELEMENT DATA

NELEM=NTSEL=-1

IF{IDISCR.EQ.0} GO TO 104

WRITE(NPRINT,83)

FORMAT(///,10X,46H IDENTIFICATION OF ELEMENTS — NODE CONNECTIONS,/

Y//¢12Xy THELEM NO, # 10Xy SHNODE Ly 10Xy SHNODE2 410X, SHNODE 3, 10Xy L THREPET I
2TION RUMBER,//)

DO 80 I=1,MNELEM
HRITE(NPRINT,93)I,(NOD(I,K),K!I.3):NREP(I)
FORMAY (10Xy15y3(10X+15),412X,15)

CONTINUE

CONTINUE

GENERATE NODAL COORDINATES.

NS=1

RI=RH

IF(NRST.EQ.1) GO TO 755

CALL CORFST{IPENTRyNDSC,SCFAC.RI, TH,SCLEN,RH.NS)

T55 CONTINUE

11=0.0

HM=1

DO 75 1=NRST,NRR

NN=NHI (1, I)

DXG=XLEN(I}

CALL COORDC(NS,MH;NNyDXGy THoRI,2Z1)

T5 CONTINUE

103

113
85
114

223

335
333

© 10

20

CALL COORDCENSMMyNNyDXGyTH,RI 21}

NNODE = NS’lV-,
IF(IDISCR.EQ.0) GO TO 114
WRITE (NPRINT, 103}

FORMAT(1H1,10X,10H NODE DATA,//.10X127H NODE R-CQOORD I~COORD
1v/77) N . . -

DO 85 1=1,NNODE ’
WRITE(NPRINTy 11327, (XCIsK)eK=1, 2)
FORMAT (10Xy 149 2F1142)

CONTINUE

CONTINUE

GENERATE TOP BOUNDARY CCORDINATE VECTOR.

NDTO=NS~- i
CALL TOPVEC(TH,LVEC,NDTO)

PRINT OUT BOUNDARY COORDINATE VECTORS.
\
KRITE(NPRINT,223)
FORMAT(///,20X,*TOP BOUNDARY NODES AND RADIAL COORDINATES.®,///,
1 10X, * NODE NUMB:R'LZOX,'R-COORO[NATE'.//)
DO 335 I=1,LVEC
WRITE (NPRINT +333)INDVEC(I) 4RVEC(I)
CONTINUE
FORMAT(10X,I1T7,25X+F10.21}
RETURN
END
SUBROUTINE 0CRGN3(R0;RH SCFACFRLEN ¢ NRR ¢ XLMAX)

GENERATES DISCRETIZATION PARAHETERS'— NRRy XLEN

COMMON /BDISC/RVEC{S0}, NOVEC(SO!:XLEN(XOO)
MAXNR=89

XLEN(1)=FRLEN

RLEN=RO-RW

SUMaXLEN( 1)

DO 10 I=2,MAXNR

XLEN{T)=XLEN(I-1)*SCFAC
JF(XLEN{I}.GT<XLMAX) XLEN(I)=XLMAX
SUM=XLEN( I)+SUN

IF{SUM.GT.RLEN) GO TO 20

CONT INUE

CONTINUE

XREM=RLEN#XLEN(] }-SUM

NRR=I

DENUM=1.+SCFAC+SCFACAR2

XLEN(I=2) = (XREM#XLEN(I~1)+XLEN(I~-2)} /DENCM
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15
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XLEN(T=1) =XUEN(I-2)%SCFAC
XLEN(I ) =XLER{I-1)1*SCFAC
RETURN

END

SUBROUTINE NCRGENENFRy IREGyNRRy NMIN, NSTFRyNRST, IPENTR)

GENERATES DISCREYIZATION PARAMETERS:— NTRANyNH1 yNH2 4NDB1,NDB2

ONLY FDR REGIONS 2 YO NRR,REGION 1 IS SPECIALLY TREATED.

COMMON /AELEM/NTRAN(3,90}) NH
INOb o0 s, paSLER/ N RA 1901 3sNHL (3,900 ,NH2(3490),NUB1{ 3,90),
NC=NFR

NCOUNT=0

DO 10 I=NRST,NRR

IRGG=IREG
TFCLT.EQ-NRST) AND. { IPENTR.NE<O)) 1RGG=0
IF(T1.EQ.L) TRGG=2
NCOUNT=NCOUNT+1

TF(NCOUNT .LTLIRGG} GO TO 20
NCOUNT=0

NHALF=NC/2

NREM=NC-2%NHALF
IFINREM.GT.0) GO TO 15
NC1=NC-1

IF{NC1.LT.NMIN) GO TO 20
NTRAN( 141 )=2

NC=NC1

NH2(1sT)=NC

NHL(1, I)=NC+1

G0 TO 10

CONT INUE

NC1=NHALF +1

IFI(NCL.LT.NMIN) GO TO 20
NTRAN(L,T)=1 :
NC=NC1 ‘

NH2(1,1)=NC
NHL(1,I0=2%NH2(1,1)~1

GO TO 10 » .
CONTINUE

NH2(1,1)=NC

NTRAN{1,1)=0
NHL(1,T)=NH2(1,1)

CONTINUE

GENERATE NDB1,NDB2

J=NRST

NDBL(1sJ)=NSTFR

NDB2( 14 J}=NSTFR+NH1{1,J)

Jd=Jtl

DO 50 I=J,NRR
NDBL(1,I)=NDB1(1,I-1)+NHL1{1,1I-1}
CONTINUE

NR1=NRR~1

DO 60 I=J,NR1
NOB2(141)=NDB1(1,1+1)

CONTINUE

NDB2{ 1y NRR}=NOBL (1, NRR}+NHL{1 ,NRR)
RETURN

END

SUBROUTINE DCRFST(IPENTReNDSC +XCREPsNTSEL)

GENERATES DISCRETIZATION DATA FOR COMPOSITE REGIONS.

COMMON /ADISC/X(300,2),NID(500,3) 4NREP{500)
COMMON /AELEM/NTRAN(34901,NHL(3,90),NH2(3,90),NDB1(3,30}),
INDB2(3490 1, NDHB(9)
KCREP=1
NSEL=1
IF(IPENTR.EQ.O} GO TO 60
NUPEN=NDWB(1}-NDSC +1
N1=NUPEN
N2=2
N3=N1
NFNDl=1
NFND2=N1+1
NFND3=NDWB{1)+2
NTSEL=1
NCPAT=3
CALL CBLOCKIKCREP,N1yN2sN3,NFND1,NFND2, NFND3, NTSEL,NCPAT)
NI=NOWB{1)-NUPEN ;
NPAT=1
NFND1=NFND2+1
NENDZ=NFNO1+#ND®R (1} -1
CALL BBLOCK(KCREP,N1,NFND} NFND2,NPAT NTSEL)
NCPAT=3 :
NZ2=N1/2+1
N1=NDWB(L)-N2
N3=N1
NFNDL=NDWB{1)¢2
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NFND2=NFND1+N1

NFEND3 =NFND2+N2

CALL CBLOCK(KCREP,NLyN2 (N3 ,NFNDI, NFND2 , NFNDB.NTSEL-NCPAT)
GO T9 400

CONYINUE

NTSEL=1

NUPEN=NDSC

NCPAT=-3

N1=NDWB{1)

N2=NUPEN/2¢1

N3=N1-N2+1

IF(N2.EQ.NUPEN) N3=NL

NFNDL =1

NFND2=NFND1+N1

NFND3=NFND2+N2

CALL CBLOCK({KCREP,N1, NZ'NBrVFNDlrthDZ-NFND3pNTSEL NCPAT)
CONTINUE

RETURN

END

SUBROUTINE CORFSTUIPENTR¢NDSC,SCFACsRIsTHySCLENyRH,NS)

GENERATES NODAL COORDINATES FOR FIRST COMPOSITE REGION.

COMMON /ADISC/X(3004+2),MNOD(500,3) +NREP{500)

COMMON /BDISC/RVEC{50),NDVEC{ 50}, XLEN{100)

COMMON /AELEM/NTRAN{3,90) 4NHL{3,90)4NH2(3,90} ,NDB1(34901,
INDB2{ 3,90 )y NDWB(9)

NS=1

IF{IPENTR.EQ.O0) GO TO 60

PENL EN=SCLEN

XL1=RW

XL2=XLEN(1)

NUPEN= ND#B(I)*NDSC#[

N1=NUPEN

N2=2

N3=N1

THI=TH-PENLEN

TH2=TH1/{N1-1)

RI=0.0

NPAT=3

CALL COORDI(NS'NIoNZ:NB1XL1:XL2|TH11THZgRI'NPAT)

RI=RK

NS=NS~1 ) A ’
MM=1 ot o
NN=NDSC~-1 Coe ’
DXG=XLEN(1)

Zi=X{NS¢2)

TH1=PENLEN :

CALL COORDC(NSyMMsNN¢DXGy THLs RIZZI)

XLi=XLEN(2]

 XL2=XLEN( 3)

60

400

NI=NDWB(1)-NDSC/2

N2=NDSC/2

N3=N1

THL=TH

TH2=PENLEN

CALL cooaox(NS.N1.Nz.N3.XL1,xL2.TH1,THZ,RI.NPAr)
GO TO 400 .
CONTINUE

NPAT=-3

RI=RW

THL=TH

TH2=SCLEN

N1=NDWB(1]}

N2=NDSC/2+1

N3=N1-N2+¢1

XLL=XLEN(1)/ (L.4SCFAC)

XL2=SCFAC#XL1

CALL COORDL{NSyN14N2¢N3,XL1,XL2,THLsTH2,RI{NPAT)
CONTINUE .
RETURN

“END
SUBROUTINE UBLOCK{MFNDL4NFND2 NFND3,NPAT,NTSELsKCREP)

GENERATES ELEMENT CONNECTIVITIES IN GRADED UNIT BLOCK.

COMMON /ADISC/X(300,2)4NODI50043)+NREP{500)
K=0

FF(NPAT.NE.3} K=1
ICOURT=0

NST=NTSEL

NLST=HST+2

DO 10 J1=NST,NLST
NREP{J1)}=KCREP
KCREP=KCREP+1
ICOUNT=ICOUNT+1
IF{ICOUNT.EQ.2) GD TO 20
IF{ICOUNT.EQ.3) GO TO 30
NOD(J141)=NFND]



OO0

20

30

10

50
40

S0

200

270
260

250

265%

150
140

150
400

161.

NOD{J142) =NFND2
NOD{(J1y3) =NFND1¢1
GO 10 10

CONTINUE
NOD{J1,1)=NFNDL+K
NOD(J1+2)=NFND2
NOD(J1,43)=NFND3+¢K
GO T0 10

CONTINUE
NOD(J1,41)=NFND2
NOD(J1,y2}=NFND3
NOD(J143)=NFND3+1
CONTINUE
NTSEL=NLSTY+1
RETURN

END

SUBROUTINE BBLOCK(KCREP,N1, NFND1,NFND2sNPAT{NTSEL}
GENERATES ELEMENT CONNECTIVITIES IN BASIC’BLOCKS.

DIMENSION ND (3,3}

COMMON /ADISC/X(BOO,Z).NOD(SOO:3)»NREP(500)
ND{1,1)=NFND1
ND(142)=NFND2
ND{1:3)=NFND1+1

ND(2, 1}=ND(1,3)
RD(242)=ND(1,2}
ND{243)=ND(1,2)+1
IF{NPAT.EQ.1) GO TD 200
IF(NPAT.EQ.C} GO TO 265
NTEMP=N]1-2

DO 90 JJ=1,2

NST=NTSEL

NLST=NST+NTEMP

D0 40 J1=NST,NLST
NREP(J1)=KCREP
KCREP=KCREP+ 1

DO 50 K=1,3
NOD(J14K)=ND(JJyKI+(J1-NST)
CONTINUE

CONTINUE

NTEMP=NTEMP-1

NTSEL=NLST+1

CONTINUE

GO TO 400

CONTINUE

ND(3,+1)=ND(2,1) . -
ND(3,2)=ND(242)¢1 -
ND(343)=ND(3,1)+¢1
NTEMP=(N1-1})/2~1

L1=2

L2=1

DO 250 JJ=1,3

L3=2

IF(JJ.EQ.2) L3=1

NST=NTSEL

RLST=NST+NTEMP

DO 260 JL=NST,(NLST
NREP{J1}=KCREP

‘DO 270 K=1,3

IF(K.CQ.1) Li=L1
IF(K.EQ.2) LL=L2
IF{K.EQ.3) LL=L3
NOD{J1,K}=ND{JJyK)+(JL~ NST)*LL
CONTINUE

CONTINUE
KCREP=KCREP+1
NTSEL=NLST+1
CONTINUE

GO TO 400

CONTINUE
NTEMP=N1-2

00 190 JJ=1,2
NST=NTSEL
NLST=NST#NTEMP

00 140 JL1=NST,NLST
NREP{J1)=KCREP

DO 150 K=1,3
NOD(J1,K)=ND{JJyK)€{JL-NST)
CONTINUE

CONT1NUE
KCREP=KCREP+1
NTSEL=NLST+1
CONTINUE

CONTINUE

RETURN

END - :
SUBROUTINE CBLOCK(KCRCP,NI.NZ.N3.NFNDl,NFNDZ.NFNDB,NTSEL,NCPAT)

GENERATES ELEMENT CONNECTIVITIES IN COMPOSITE BLOCK S.
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COMMON IhUISC/X(BUD.ZI'NODl500.3}.NREP(500]
BLOCK1 :- CONNECTS VERTICAL LINE L TO LINE 2,

NDF=N1-N3

NPAT=0

IF{NDF .NE.O} NP&TSI
WF2=NFND2

IF(NPAT.CQ.1)} GO TO 20
NF1=NFNDL+(NL1-N2)
TF{NCPAT.NE. 3} NFL=NFND1
NN2=N2

NN1=N2

GO TO 30

CONTINUE

NFL=NFNDL +(N1-2%N2+1)
IFINCPAT.NE.3) NF1=NFND]
NN2=N2

NNL1=2%N2-1

CONTINUE

CALL BBLOCK(KCREPiNNI.NFI,NFZ.NPAT,NTSELJ

BLOCK 2 :— CONNECTS VERTICAL LIﬁE 2 TO LINE i.

NS1=NF]

NS2=NF2

NPAT=0

NNL=NN2

NF1=NF2

NF2=NFND3 +N3-N2

IF(NCPAT.NE.3) NF2=NFND3

CALL BBLOCK(KCREP,NNLsNF14NF2 4NPAT ¢NTSEL)

BLOCK 3 :- UNIT BLOCK.

IF{NCPAT.NE.3)} GO TO 60
NF1=NS1-1

NF3=NF2-1

NF2=NS 2

GO 70 To

CONTINUE
NFI=NFNOL+N1-1-(N3-N2)
NF2=NFND2+N2-1
NF3=NFND3+N2~-1

NSL=NF1

70 CONTINUE

85

20
50

70
60

90
80

CALL UBLDCK(NflgNFZtNFB;NCPAT.NTSEL.KEREP]
BLOCK 4 :- CONNECT LINE 1 TO LINE 3.

NFL=NFND1

NF2=NFND3

IFINCPAT.NE.3) NF1=NS1+1

1 F{NCPAT.NE.3) NF2=NF3+1

NNL=N3-N2

IFINN]1.EQ.1} GO TO 85

NPAT=0

CALL BBLUCK(KCREP.HNL;NF[;NFZ.NP&T NTSELI
CONTINUE

RETURN

END

SUBROUT INE COORDCINS, MM NNsDXGeTH,RISZI)

GENERATES NODAL COORDINATES.

COMMON /fADISC/X(300,2), NODI500|311NREP(500'
COMMON /ASCLV/XX{54901,XY15,90)
DY=TH/ (NN-1)

D0 20 L=1,NN
XX{1,L)}=R1

DO S0 K=1,MM
XY{K.1)=21

DO 60 J=2,HN

JMl=J~-1

DO 70 K=}l ,MM
XY(KgJI=XY(KINLI4DY
CONTINUE

CONTINUE

DO B0 J=1,HM

DO 90 K=1 NN
LaNN*{J-1 )} +K+NS-1
XLy ll=XXJe K]
X{Ly2)=XY(JsK])
CUNTINUE

CONYINUE

NEN=NS+ (MMENN) -1
NS=NFN+1
RI=X(MEN, 1) ¢DXG
RETURN
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END
SUBROUTINE COORDL (NS N1 4N2yN3 4 X114 XL2,THL, TH2,R] NP AT)

GNERAYES NODAL COOROINATES FOR COMPOSITE BLOCK.

33HEON /ADISC/X(30002’,N00(500,3]thtP(SOO)
=

MM=1

IF(NPAT.NE.3) GO TO 20

NN=N1

DXG=Xt1

21=0.

TH=TH1

CALL COORBCUNSyMMyNN,y 0XG,TH;RX1ZIY
CONTINUE

2I=THI-TH2

NN=N2

TH=TH2

DXG=XL2

CaLL COUROC(NS,MM)NN,DXGgTH,RI 1}
GO TO 25

CONTINUE

NN=N1-N3+N2

DXG=0.

21=0.

TH=TH2

CALL COORDCUNS;MMsNNsDXGy THyRIH2Z1) ]
ZI=TH+(TH1-TH2)/(N3-N2} .
NN=N1-NN

DXG=XL1

TH=TH1-21

CALL COORDCUNS MHMs;NNyDXGy THyRIL21)
DXG=XL2

TH=TH2

NN=N2

21=0.0

CALL COORDC{NSMMsNN,DXGsTHyRI 421}
CONTINUE

PETURN

END_

SUBROUTINE TOPVEC{TH,LVEC,NDTO)

COMPUTES RADIAL COORDINATES FOR NODES ON TOP BOUNDARY.

COMMON /ADISC/X(300,2},NCD(500,3), NREP(SOO)
COMMON /7BDISC/RVEC(S50}¢NDVED (bO).XLEN(lOO)
J=0

DO 10 I=1,NDTO

IDIF=ABS{TH-X(1:2))

IF(ZDIF.GT.C.00L} GO TO 10

NENEDS

NDVEC(J1=1

RVEC{J}=X(I,s1}

CONTINUE

LVEC=J

RETURN

END

SUBROUTINE BMDFIX(HW, HOsNNODE ¢ NBDy NDHy NDROyNBH 4 RN ¢NSCREN)

LOCATES NODES WHERE HEAD VALUES ARE PRESCRIBED.

COMMOM /ADISC/X(300,:2},%0D{500,3},NREP(500)
COMMON /BDISC/RVEC(5C},NDVECI 5C)4JBD(501,4DISP{50}

- COMMON. /WSCREN/XSCR(5)yHSCR(5}

222

22

70
40

K=0

NFND=1

DO 30 I=1,NSCREN
XST=XSCR{I)-0C.01
XEND=XST+HSCR{1)+0.02

D3 40 J=1,NNODE
L=NFND+J~1

IF(L.EQ.L)} GO TO 222
IF(X{Ls1).GV.RW) GO TO 30
CONTINUE
TFLIX(Ls22aLToXST1.OR.(X(Ly2) .GT.XEND})} GO TO TO
K=K+¢1

JBO{K)=L

DISP(K)=HW

GO T3 40
IFIX(L,y2).GT.XEND} GO TO 30
CONTINUE

NFND=L+1

CONTINUE

J=K

NBW=J

NST=NNODE-NDRO+1

DO 25 I=NSTyNNODE

J=J¢l

JBD{J) =1

DISP{J) =HO
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25 CONTINUE
NBD=J
RETURN
END

SUBROUTINE CONSYT{M,AKs BKyACONST, J1yJ2y J3,NT}
COMPUTES NOM-LINEAR COEFFICIENT FOR TRIANGULAR ELEMENTS.

COMMON /BELEM/BL15043),C(150,3),AREA(150)
COMMON /VCOM/ORX(SC0),VEL(500),HI500),1 DARCY(S00}
HX=BINT, 1 )*H{JL ) +3(NT, ZI*HIJ?I+B(NT,3}*H{J31
HY=C(NT;1}*HIJII+ClNT'2}*Hile+C(NTg31*H[J3)
HS= ABS({ SQRT(HX*%241iY%%2))
TEMP=0.5%AK+SQRT (0. 25% AK*%24+BKAHS )
VEL(M)}=HS/TEMP
ACONST=AREA(NT)®*ORX (M) /TEMP

500 CONTINUE
RETURN
END
SUBROUTINE ELGENCIM,IIT,AK,BK NT,VCOUNT,PHK}

GENERATES ELEMENT MATRIX,EK,FOR TRIANGULAR ELEMENTS.

COMMON JAELEM/ELK(343,15014EK (3,43}
COMMON /ADISC/X[300,2),HOD(500,3) 4NREP {5601}
COMMON /BELEM/BI150,3),CL150,3),AREA(150)
COMMON /VCOM JORX{500}  VEL{500),H(500} s IDARCY({500)
J1=NOD{M, 1)
J2=NOD (M, 2]
J3=NOD( My 3)
IF(III.NE.1) GO TO 10
ORX (M) =(X(J141)+X(J2, 1) +X{J3,1)}/3.
10 CONTINUE
JF(NREP{M).EQ.NT} GO TO 50
HT=NREPIM)
IF{I1I.NE.1} GO TD SO
XJ=X1J2,11-X{J1,1)
XM=X(J341)=-X{Jls1) -
¥ ¥i=X{12,21-X{J1,2)
YH=XCJd3, 2)=X(J142)
AREAINT 1= 0.5 % XJ*YM=XM¥YJ)
AFUN=2 . *AREA(NT)
BINT4+1)=(YJ-YM)/AFUN e
BINTs2}=  {YM)ZAFUN S
BINTy3)= {-YJI/AFUN : e
CINT 1) =( XM-XJ ) /AFUN
C{NT,2)= (—XM)}/AFUN
CINT,3)=  (XJ)/AFUN
DD 100 I=1,3
DO 100 J=1,3
IF(J-1) 105,110,110
110 ELK{TJyNT)= Binr,xz*B(NT.J)+C(NT,1:tczNT.J1
G0 TO 100
105 ELK(I+J,NT)I=ELK(Js],NT}
100 CONTINUE
SO CONT INUE
IFCIDARCY (M) .EQ.0) GO TO TO
IFIII1.EQ.l) GO TO 70
500 CONTINUE
CALL CONSTT{M,;AK,BK,ACONST, Jl.Jz.Ja.NTI
GO TO 80
70 CONTINMUE
PX=PMK
ACONST= thORX(HI*AREA(NTI
80 CONTINUE

CALCULATE STIFFNESS MATRIX
NORMAL ST IFFNESS MATRIX MODIFIED BY THE FACTOR ©OACONSTO

DO 200 I=14+3
DO 200 J=1,3
EK{I¢J)=ACONST#ELK(I,J4NT)
200 CONTINUE
RETURN
END
SUBROUTINE AQPROPINELEM4RGP,BTGP, THy IGP)

GENERATES ELEMENT PROPERTIES INDEX,lPROP.

COMMON ZADISC/X{300,2),NOD{500,3),NREP(500)
COMMON ICSOLVIVD{ZOOU.'HINTI300‘1!flPRUPISOOI:DI3:3!
DO 10 I=1,NELEM

J1=NOD(I,1}

J2=NNDI(1, 2)

J3=NODULI, 3)

DRX=(X(JL LI 4X1J2,10¢X0I3412) /3,
ORY=(X{JLl2)#X{J242)4X(J3,42))/3s

IPROP(TI)=1

IF(IGP.EQ.O) GO TO 10

IF(IORX. LT.RGPi AND « (ORY.GT.BTGP)) [PRDP{I}'D

164,
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CONTINUE

RETURN

END

SUBROUTTINE ELGND3(NY,SC,M}

GENERATES ELECMENT MAYRIX,0,FOR TRIANGULAR ELEMENTS.

COMMON /ADISC/X(300423,NOD{500,3) 4NREP(500)
COMMON /CSULV/VD(20C0), HINT{300,1)41PROP(500),0(3,3)
COMMON /AFLEM/ELK(S,5,150),[K(3,3)

- COMMON /BELEM/B(15043),C(150,3),AREA{150)

110

105
100

50

500

70

80

200

COMMON /VCUW/ORX(500)'VEL()OOI H
JL=NOD (My 1) tH(500},IDARCY(500)
J2=NOD(M, 2)

J3=NOD (M, 3)
ORX{M)={X(JL ¢ 1) +X0I2, 1) +X(J3,13)/3.
IF(NREP{M).EQ.NT) GO 7O 50
NT=NREP(HM}

XJ=X{J2:11=-X(J1,1}
XM=X(Jd341)-X(J1l,y1)
YJd=X{J2,2)-X(J1,2)
YM=X{J33:2)-X(J1,2)

AREA(NT }=0.5%{ XJ*YM-XM*Y])
AFUN=2 . #*AREA(NT)
B(NTy1)=(YJ-YM) /AFUN

B(NT,2)= (YM}/AFUN

B(NT,3)= (~YJ)/AFUN
CINTy1)=(XH-XJ)}/AFUN

CINT+2)=  (-XM)/AFUN

CINT,3)= { XJ}/AFUN

DO 100 I=1,3

DO 100 J=1,3

IF(J-1) 105,110,110

ELK(I +J.NT)= B(NT.I)*B(NT,J)*C(NT;I)*CfNT:J)
GO TO 100

ELK(I 3 JoNTI=ELK{JgI4NT)

CONTINUE

FORM ELEMENT MATRIX:~ O

D(1¢1)=0. S¥ORX{M)*AREA(NTI*SC /34

D(2,21=D(1,1)

D(343)=0(1,41) K e
D(1,2)=D(1,11%0.5 v : -
D(241)=0(1,2) SUERS
D(1,31=0(1,2)

D(3,1)=0(1,3)

D(2,3)=D(1,2)

D{3,2)=D(2,3)

CONTINUE

RETURN

END

SUBROUTINE ELGNCT (MyT1T,AK,BK¢NTyVCOUNT 3PMK)

GENERATES EL EMENT MATRIX,EKsFOR TRIANGULAR ELEMENTS.

COMMON /ADISC/X(300,2),yNOD{500,3),NREP(500)
COMMON /AELEM/ELK(34351501,CK(3,43)

COMMON /BELEM/B(150,312,C(150C, 3},AREA(150)
COMMON /VCOW/ORX(SOO),VEL{SOO)yH(SOO),IDARCY(500l
1F{ IDARCY (M) .EQ.C) GO TO 70

IF(II1.EQ.1) GO TO 70

CONTINUE

J1=NOD{M, 1)

J2=N0OD (M 2)

J3=N0D (M, 3)

CALL CONSTT{ My AKy BKyACONST+J14J25 J3:NT)

GO TO 80

CONTINUE

PX=PMK

ACONST =PX*DRX{M) *AREAINT)

CONTINUE

CALCULATE STIFFNESS MATRIX .
NORMAL STIFFNESS MATRIX MODIFIED BY THE EACTOR OACONSYO

DO 200 I=1,3

DO 200 J=1,3
EK(I,J)=ACONST*ELK(!1J1NT)
CONTINUE

RETURN

END

SUBROUTINE MERB3 (N, M)

MERGES ELEMENT MATRIX EK INTO GROSS VECTOR VK.

COMMOM /ADISC/X(300,2),NOD(500,3) NREP{500)
COMMON /AEl[H/rLK(]-3v1)0);FK(3,3)

COMMON /ASOLV/ISTART(300)sN3ANDI30C),1D(300)
COMMON /DSOLV/CK(300:l)nVK(ZOOO)
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DO 10 I=1,N
IK=NOD (M, 1)
IF(IK.€Q.0) 6O TO 10
DO 20 J=1,N
JKaNOD (M, J)
IF(IK.GT.JK} GO TO 20
1POS=1D(1K)+JK-1K
VKUIPOSY=VK( 1POS 1¢EK (I, J)
CONTINUE

CONTINUE

RETURN

END

SUBROUTINE MERBD (N, M)

MERGES ELEMENT MATRIX D INTD GROSS VECTOR VD.

COMMOMN /ADISC/X(300,2),N30(500,3) ,NREP{500)

COMMON /AELEM/ELK(343,150),EK(3,3)

COMMON /A SOLV/ISTART(300) ,NSAND{300},1D (300}

CONMON /CSOLV/VD(ZOOO)pHINT(300gl)'XPROP(500)00(313’
DO 10 I=1,4N

IK=NOD(M,y 1)

IF{1IK.EQ.0) GO TO 10

DO 20 J=1,N

JK=NOD({H, J) '
IF(IK.GT.JK) GO TO 20
IPOS=ID(1K}+JIK-IK
VDUIPOS)=VD(IPOS)+D(I,J)
CONT INUE

CONTINUE

RETURN

END

SUBRODUTINE QMUL(NBW,QSUM)

COMPUTES NODAL FLUXES AT WELL BOUNDARY.

COMMON /BQCAL/VKQ(600),CHB(40)
COMMON /ASOLV/ISTARTI300),NBAND(300),1D(3001}
COMMON /BDI SC/RVEC(50) 4NDVEC( 501, JBD(50)4DISP{50])
COMMON /VCOM/DRX(500), VEL(500 ) +H(500) , IDARCY(500)
DATA NREAD,NPRINT/1,3/

DO 10 L=1,N8H

1=48D{L)

IS = 10(1)

IL = ID(I)+NBAND(I)~1
QWB(L)=0.0

00 20 J = IS, IL

K=1¢J-1S

QWB (L} =QWBIL } +VKQIJ I*H(K)

CONT INUE

IF(1.€Q.1) GO TO 15

11 = I-1 -

1ST= ISTART(I)

DO 30 J= 1ST,I1

K = I1- J+l

IP = 1D(J) + K
QWB(L)=QWB(L) +VKQUIPI*H(J)
CONT INUE

CONTINUE

QSUM=QSUM+QWB(L)
QHTEMP=-2.%3.1416*%QwB(L)

WRITE (NPRINT,4403)1,QWTEMP
FORMAT (/4 10X+ 154 15X3F12.4)
CONTINUE

RETURN

END

SUBROUTINE QCALC (NBH, QSUN)

COMPUTES TOTAL DISCHARGE INTO THE WELL..

COMMON /ASOLV/ISTART(300),NBAND(300),10(300}
COMMON /BDXSC/RVEC(SO).NDVECISO)qJBD(SO)yDISP(EOD
COMMON /VCOW/DRX[SOO).VEL(SOO)'H(SOO)yIDARCY(SOO)
COMMON /BQCAL/VKQ(6CO},QWB(40)

DATA NREAC,NPRINT/143/

WRITE (NPRINT 44103}
FORHAT(lle/;qZOX'ZQHNODAL FLUXES AT WELL BOUNDARY///.

1 10Xy 4HNODE, 16Xy 14HDI SCHARGE FLUXy /)
QSUM=0.0

CALL QMUL (NBW,QSUM)

QSUM=ABS(2.%3.1416%QSUM}

WRITE (NPRINT4203)QSUM

FonuAr(////.iox,erTAL DiSCHARGE INTO THE WELL =',F10.4]
RETURN

END
SUBROUTINE EBFIN3(LEN, NHyNNyLL)

OF THE BANDED SYMMETRIC
HE POSITION OF THE
LEN IS THE LENGTH

SUBROUTINE TO GENERATE THE SANDWIDTHS
MATRIX. NBANMD CONTAINS THE BANOWIDTHS, ID T
TERM ON THE DIAGONALS OF THE OKRIGINAL MATRIX,
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THE VECTOR

DIMENSION LVI(3)

COMMON /ASOLV/ISTART(30C) ,NBAND(300),1D(300}
COMMON /ADISC/X{300+2)¢NODI500,3) ¢ NREP{500)
DO 20 I=1,LL

NBAND()=1

ISTARY (1}=]

CONTINUE

SCAN THROUGH THE LOCATION VECTOR FOR EACH MEMBER TQ FIND
THE POSITION OF THE TERM FURTHEREST FROM THE DIAGONAL IN EACH ROW

NF2=3

DO 25 I=1,NM

D0 30 J=1,NF2

LV(J)}=NOD(1,4}

CONTINUE

DO 45 J=1(NF2

IFLLV{JI.EQ.0)GD TO 45

DO 40 K=1,NF2

TFILVIJ).GT.LVIK)) GO TO 40

NW=LV(K)-LV(J)+l

NR=LV(J])

TF(NW.GT.NBAND(NR)} NBANDINR)=NW

CONTINUE

CONTINUE .
SEARCH FOR THE FURTHEREST JDFF-LEFT TERM

D0 55 J=14NF2 -

IF(LVIJ}.EQ.0) GO TO 55

DO 65 K=1,NF2

IFCLVIJ).LT.LV(K)) GO TO 65
NH=LV(K)

NR=LV(J)}

IF(NWLT.ISTARTINR) } ISTART(NR)=NW
CONT INUE

CONTINUE

CONTINUE

SEi,UP ID VECTOR AND COMPUTE LENGTH OF STIFFNESS VECTOR
ALSO CHECK THAT NBAND DOES NOT DECREASE BY MORE THAN 1 AT A TIME

LEN=NBAND(1)

DO S50 I=2,LL e
IF(NBAND( I)-NBAND(I-1).LT.0} NBAND(I)=NBAND{I-1)-1
LEN=LEN+NBAND(I) . .
CONTINUE

IDt1)=1"

D0 60 I=2,LL

IDC1)=10( I-1)¢NBAND(I~-1)

RETURN

END

SUBROUTINE QFLUX{NBM,NNODE)

MODIFIES MATRIX CK BY ACDING THE FLUX TERMS FOR NODES ON WELL BOUNDARY.
COMMON /ASOLV/ISTART(300},NBAND{3001},ID{300)
COMMON /BSOLV/CK{30041),VK{2000)

DATA NREAD,HPRINT/1,+3/

IF(NBM.CQ.0) GO TO 20

NBP=NBM+1

DD 10 I=NBP,NNODE

IST=ISTART(I)

IF(IST.GT.NBM) GO TO 10

Il=]1-1

DO 30 J=IST,NBM

K= 1~-J+¢1

IP=10{J}+K

CK{T¢1)=CKUI41)-VKOIPI*CK(J41)

CONTINUE

CONTINUE

CONTINUE

RETURN

END .

SUBROUTINE SYMSOL(LL,NLLiNBM)}

AN IN CORE BAND SOLVER. :
USE IN CONJUNCTION WITH TOPOLOGICAL SUBROUTINEC FOR LARGE BANDWIDTH.

DIMENSION VTEMP(90)

COMMON /BDISC/RVEC(SO)oNDVEC(SO)gJBO(BOloDISP(SO)
COMMON /ASOLV/ISTART(300),N{300), IDUM{300)
COMMON /BSOLV/C{300,11),V12000)

DOUBLE PRECISION TEMP

JBOUN=NBM+]

NBP=JBOUN

D=1

IF(NBM.EQ.O) GO TO 150

DO 100 I=lyNBM



aoon

OO

oM

L OO0

100
150

20
29
25
16

120
39

125

46

50

240

40
140

32
30
as

10

75
80O
T0

168.
10=1D#N(1}
CONTINUE
CONTINUE
00 10 I=NBP,LL
TCMP=v(ID)
KEB=ID+N(])-1
101=1D+]
IFUILEQ.JBD(JBOUN))Y GO YO 16

NORMALISE ROW I

KK=0

v{iDl=1.0
IF{IDL.GT.HNEB) GO TO 29
DO 20 J=ID1,NEB

KK=KK+1

VIEMP(KK)=V{J)}
VIJI=VIJI/TEMP

CONTINUE

DO 25 L=14NLL
ClI+L)=CLI,L)/TEMP
CONTINUE

GO YO 46 - ,
CONTINUE .
IF(IDl.GT .NEB) GO TO 39
KK=0

DO 120 J=1D1,NEB
KK=KK+1

VTIEMPIKK)I=VIJ)

viJ)l=0.0

CONT INUE

DO 125 L=1.NLL
ClI+L)=DISPLJBOUN)
JBOUN=JBOUN+1

ELIMINATION

CONTINUE

10J=1D

IF(ID1.GT.NEB). GO TO 35 .
KK=0 o
DO 30 J=1D1,NEB 3 o
JI=J-1D1+1

IDJ=T0J+N(JT ) : T
KK=KK 1 : _ R,

IFLVTEMP(KK])} 50430,50

CONTINUE -
IF(JBOUN.EQ.1) GO TO 240
JBH1=JBOUN-1

1FIT.EQ.JBD(JBML)) GO TO 140
1DP=J

D0 40 K=1DP,NEB

KJ=10J +K~J
VIKJI)}=VIKJI=-VIK)*VTEMP{KK]
CONTINUE

NJ=T+J-1D

DO 32 L=1,NLL

CINJyL¥=CINJ,L }- C(I.L]*VTEHPIKK]
CONTINUE

CONTINUE

CONTINUE

1D=TD+N(T)

CONTINUE

BACK SUBSTITUTION

1D=]D-1

LLML=LL-1

LL1=LL-NBP

DO 70 IB=1,LLL
I=LLM1=1B+1

ID=1D-NI1])

IS=1+1

IN=J+N(I)~-1

DO BO J=ISyIN

NJ=1D+J-1

DO 75 L=1,4NLL
CUISLY=CiTsL)-CLIyL)*VINJ]
CONTINUE

CONTINUEG

CONTINUE

RETURN

END

SUBRDUTINE VCHEC3 (M AK, BKpJ1ly J24J3¢NTPMK VLR GRRX, GRRY}

COMPUTES ELEMENT VELOCITIES AND CHECK IF A PARTICULAR ELEMENT BELONGS TO

DARCY OR NON-DARCY FLOW ZONC.

COMMON /BELCH/BI150,3),C1150, 3),AREA(150}
COMMON lVCOH/URXlSOOIuVELl500!|H!500).10ﬁRCY(500I
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HX=B(NT.!)*H(Jl)#B(NT|2)*H(J2)4B(NT:B)*H(JB!
HY=C(NT;1)*H(J1)+C(NT;2)*H(J2)+C(NT.3)*H(J3)
HS= ABS( SQRY(HX¢¥2+HY®%2))

GRRX=HX/HS

GRRY=HY/HS

IFCIDARCY (M} .EQ.C) GO TC 20
TEMP=0.5%AK+SQRT LD« 25%AKE K248 KKHS }

VEL (M) =HS/TEMP

IFCABSIVEL{M) ) .LELVCR} IDARCY(M)=0

GO 10 30

CONTINUE

VEL (M} =PMK*HS

IFCABSIVEL{M}).GT.VCR) "TDARCY(M)=1

CONTINUE

RETURN

END

SUBROUTINE VDFB{LVEC)

GENERATES VECTOR VDTOP.

DIMENSION D(2,2)

COMMON /ADISC/X(300,2)4NIDE500,3) {NREP(500)
COMMON /BDISC/RVECIS50) s NDVEC{S0),JBD(50)40ISP(50)
COMMON /ASOLV/ISTART(300) ,HBAND(300)+ID{300)}
COMMON /ADPARA/TLESS(300),HLESS(300),GK(30051),VDTOP{200}
NELTOP=LVEC~1

NN=2

ID(1}=1

DO 10 I=2,LVEC

IDCIN=TD(I-1)+¢2

LENT=2*LVEC-1

D0 108 I=1,4LENT

VDTOP(11=0.0

CONTINUE

DO 208 IE=1,NELTOP

IN=NDVECI(1E)

IP=NDVEC{IC+1)

“RAVE=0.5%(X(IP, 1 2#X{INy1))

408
308
208

RDIF=X(IP+1)-X(IN, 1}
D{1¢1)=RAVE¥RDIF/3.0
D(2421=D(1,41)
D(1:+2}=D(1,11%0.5

. D(241)=D(1,2)

DO 308 I=1,2

CIK=TE+(I-1)

DO 408 J=1,2

JK=1E+(J-1)

IF(IK.GTL.JK} GO TO 408
IPOS=1D(IK}+JK~IK

VOTOP{ IPOSI=VDTOPIIPOS)+D(I,4J}
CONTINUE

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE GVMOD{LACT, SY, IGK})

MODIFIES VECTORS GK AND VK T3 TAKE ACCOUNT OF LEAKAGE FLUX ACROSS TOP

BOUNDARY «

COMMON /BDISC/RVEC(50)4HDVEC(50),JBD(50),DISP(50}

COMMON /ASOLV/ISTART{300) 4NBAND(300),1D(300]}

COMMON /BSOLV/CK(300+114VK(2000}

COMMON /C SOLV/VD(2000) y HINT(300,1}41PROP(500)+D(3,3}
COMMON /ADPARA/TLESS(300),HLESS{300),6K{300+112,VDTOP(200)
DATA NREAD,NPRINT/143/

DO 1078 L=14LACT

IPI=(L-1)*2+1

T 1P2=1P1+1

1078

IPM=IP1-1

VF1=VDTOPLIP1)%SY

VF2=0.0

VFM=0.0

IF(L.GT1) VFM=VDTOPLIPMI*SY

IF(L.LT.LACT}) VF2=VOTOP(IP2)%SY

I=NOVEC(L)

Ji=1I

J2=Jl

JK=J1

IF(L.LT.LACT) J2=WDVEC(§*1)
F(L.GT.1) JH=HOVECIL~]

gU;tVFI*HINTtle1)+VF2*HINT(J2.IDOVFH*HINT(JHyll
IFCIGKLGT -0} GK{Jly 1)=GK{J1s1i+5UM

15=1011)

VK{IS )=VK(IS)+VF1
IL=IS+NBANDIT}-1

VK(IL)=VK(IL])+VF2

CONT INUE

RETURN

END
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SUBROUTINE TCURV3(HU.B»NNDDE:QFIX’AK'BK,PHK,TH.J’

[2Xa¥e}

‘COMPUTES TYPE CURVE FDR STEADY STATE FLOW.

COMMON /ADISC/X(30012’0N00(500:3),NREP(500)
COMMON /VCOM/ORX (5003, VEL(500),H{500),1DARCY(500).
THPI=44./T.
THIS=PMK*TH
PARAM=BK*QF IX#TMIS/ (TH®*2%B*TWPI)
DENOM=QFIX/{TWPI*TMIS)
WRITE(3,3)PARAM
3 FORHAT(///leX’50('*')v/.lOXp'*'1[3X1'STEADY STATE TYPE CURVE®,
1 12X9/+10X950(*%%)4///415X,* NON-LINEAR FACTOR ='yFl2.4)
IF(J.EQ.2) GO TO S }
WRITE(3,23)
G0 TO 15
S CONTINUE
WRITE(3,33)
15 CONTINUE
23 FORMAT{//,410X,*NODE NUMBER® 415X, *R-COORDINATE? 4 10X, ' FUNCTION W(U)*
. 1 » 10Xy YARGUMENT U'4//)
33 FORMAT(//,10X,*NODE NUMBER'ylSX,'Z‘CODRDINATE'110!,'FUNCTION LEUD AR
1 2 10Xy *ARGUMENT U',//)
DO 10 I=1,NNODE
SDRAH=H0-H(I)
SLESS=SDRAW/DENOM
RLESS=X{1,1)/8 .
WRITE(3413)F+4X(143)4SLESS,RLESS
- 10 CONTINUE
13 FORMAT(10X;15920XsF10.2,52(10X4E12.4))
RETURN .
END
SUBROUT INE EBUUND(NELEH;AK9BK,PMK HW 3 HO 3 QSUM, TH)

- COMPUTES UPPER BQUND OF TOTAL DISSIPATION ENERGY.

(2 X aXal

COMMON /VCOM/ORX(500), VEL{500),H{500), IDARCY(500)

COMMON /BELEM/B(150,3),C{ 150, 3) 4AREA{150)

COMMON /ADISC/X(BOO:Z).NOD(500,3),NREP(SOO)

CONST=PMK*TH* (HO~-HW ) *%2

ENERGY=0.0

D0 10 I=1,NELEM

NT=NREP(I)

VSQ=VEL(I)*%2 o T

IFUIDARCY(I).EQ.0) GO TO 15 ) c e S

VCU=VSQ*VEL( I} : : -
A . _TERM=0.5¥AK¥VSQ+2.*BK*VCU/3, - :
' TERM=TERM*AREA{NT) *ORX(1)

GO TO 20 °
15 CONTINUE

TERM=0 .5%VSQ/PMK
20 CONTINUE

ENERGY=ENERGY+TERM
10 CONTINUE
- ENERGY=ENERGY/CONST aGy

T 3)CONST,LENE

13 :3§H§;1;3/320X1'RESULT OF DISSIPATION ENFRGY CALCULATION.?y//,

1 10Xy *CONSTANT FACTOR 23E124493XgFT %24 /MINL s/ /
2 10X, *DIMENSICNLESS DISSIPATION ENERGY =',E12.4)»

v RETURN
e END

—*"_*"_——“‘“SUBRﬁUTiNf'ﬁYPRGP‘I'AK'BK.PMKy CRYASPyBGPiPUGPyVGP AL »BLyPML, VL)

% IDENTIFIES HYDRAULICS PROPERTIES OF EACH ELEMENT.
¢ cowmnu—1csnLv1v012000),Hrnrtaaﬁ t).IPRnP(sao,,D(3.3)
IF(IPROP(I).“Q 0) GO 10
AL=AK
BL=BK
-PML = PMK-
VCL=VCR
60 TO 20
10 CONTINUE )
-AL=AGP
BL=BGP
oo ‘ PHL=PMGP
VCL= VGP
T 20—CONT INUE
RETURN
- END
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INTEGRATED WELL-AQUIFER SOLUTION SYSTEM.
DEVELOPED BY P.S. HUYAKORN,
TRCON3,PROGRAM FOR SOLVING TRANSIENT y TWO-DIMENSIONALy DARCY OR TWO-REGIME
FLOW USING TRIANGULAR ELEMENTS.
VERSION CATED OCTOBER,1573.
FOR FURTHER INFORMATION,CONTACT
P.S. HUYAKORN OR C.R. DUDGEON
WATER RESEARCH L ABORATORY
KING ST.y MANLY VALE

SYDNEY;N.S.We 2093, AUSTRAL IA.

LIST OF INPUT VARIABLES

—ALL READ STATEMENTS ARE LOCATED IN THE MAIN -

Xl K> Xala X NsXaXaRaXaXaXs e X ko Xa S nXa kxR Xataiala kel k2 Raka ks Ra R e K e Ka R N a N o Fe X a N N Na Ko e’

ﬂﬂﬂﬁnﬁ.ﬁﬁﬂgﬂﬂﬂﬂﬁﬂﬁﬁﬁﬁﬁﬂﬁdﬂﬂﬁﬁﬂﬂﬁﬁﬂﬁﬁﬂﬁhﬁﬂﬂﬂ
-t .

——PROGRAM AND INDICATED BY $1 OR $1,SK SIGN -
PROBLEM VARIABLES #%x

NPROB = NUMBER OF PROBLEMS TO BE SOLVED
© IVEL = VELOCITY PRIMT-DUT INDEX
‘ FEED IN IVEL=0 IF VELOCITY PRINT-OUT IS NOT REQUIRED OTHERWISE
: FEED IN IvEL=1
IDISCR = DISCRETISATION DATA PRINT-OUT INDEX
FEED IN IDISCR=0 IF DISCRETISATION PRINT-OUT IS NOT REQUIRED
OTHERWISE FEED IN IDISCR=1
ORELAX = OVER-REL AXATION FACTOR FOR NON-LINEAR HEAD ITERATION
SUGGESTED VALUE LIES BETWEEN 1.50 TO 1.85
RW = RADIUS OF WELL SCREEN
RO = EXTERNAL RADIUS OR RADIUS OF INFLUENCE
HO = INITIAL HEIGHT OR DRAWDOWN OF WATER TABLE
HTOL =  HEAD TOLERANCE FIR NON-LINEAR ITERATIOMN ON HEAD VALUES
SUGGESTED VALUE IS 0.10 OR A FEW PERCENT OF HO-HW
NLAYR = NUMBER OF LAYERS DF WATER BEARING FORMAT!ONS
QFIX = PRESCRIBED WELL DI SCHARGE
RCSNG = RADIUS OF BELL CASING
QRTOL = RATIO OF DISCHARGE TOLERANCE TO PRESCRIBED WELL DISCHARGE
SUGGESTED VALUE IS 0.01 OR 0.02
16pP =  GRAVEL PACK INDEX,IGP=1 FOR GRAVEL PACKED HELL:
: I1GP=0 FOR NON-GRAVEL PACKED WELL
" IBOUND = EXTERNAL BOUNDARY INDEX
) IBOUND=0 FOR BARRIFR BOUNDARY OTHERWISE IBOUND =1
1wsC = WELL BOUNDARY CONDITION INDEX
IWBC=0 IF EFFECT OF WELL STORAGE IS TO BE NEGLECTED OTHERMISE
IWBC=1
TKMAX = LAYER OF MAXTIMUM PERMEABILITY OPR MINIMUM VALUE OF AKL(I)
INAT = [INDEX USED TO INDICATE WHETHER THE TOP LAYER IS CONFINED OR
UNCONFINED
THL(I) = THICKNESS OF LAYER NUMBER 1
AKLII) = FORCHHEIMER LINEAR HYDRAUL IC COCFFICIENT OF AQUIFER DR AQUITARD
LAYER 1
FOR AQUITARD 1,FEED IN AKL(T)=1. /PML(I) HHERE PMLII) IS ITS
HYDRAULIC CONDUCTIVITY
BKL(I) = FORCHHEIMER NON-LINEAR COEFFICIENT OF AQUIFER LAYER I
' - FOR AQUITARD I,FEED IN RKL(I)=0.0
VCRL(I) = CRITICAL VELOCITY OF AQUIFER LAYER I
FOR AQUITARD I FEED IN VCRL{I)=0.0
SSL(I) = SPECIFIC STORAGL OF AQUIFER 'OP AQUITARD I
AGP = L INEAR HYDRAULIC COEFFICIENT OF GRAVEL PACK MATERIAL
BGP = NON-LINEAR HYDRAULIC COEFFICIENT OF GRAVEL PACK MATERIAL
vGP = CRITICAL FLOW VELOCITY FOR GRAVEL PACK MATERIAL
THGP » THICKNESS OF GRAVEL PACK
BTGP = HEIGHY OF THE BASE OF GRAVEL PACK
SY « COEFFICIENT OF SPECIFIC YIELD OF TOP LAYGR WATER TABLE AQUIFER
OR AQUIT#RD
= RECIPROCAL OF DELAYED YIELD INDEX FOR WATER TABLE AQUIFER OR

DINDEX
: AQUITARD

DISCRETISATION PARAMETERS ok

NTICR =  TOTAL NUMBER OF TIME STEPS

I1TST =  STARTING TIME STZP NUMBER

TFACTR = VALUE OF THE FIRST TIMF STEP,EXPRESSED IN DIHENSXONLESS FCRM

THUL = TIME MULTIPLIER,SUGGESTED VALUE VARIES FROM 1.50 TO 2.00

DTMUL = INCREMENT OF TIME MULTIPLIER )
SUGGESTFD VALUE LIFS BEVWEEN CG.01 TO 0.02

FRLEN = LENGTH OF FIRST SUBREGION

FOR GRAVEL PACKED WELL,FRLEN MUST NOT EXCEED VYHICKNESS OF PACK
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SCFAC = SCALE FACTOR TO BE USED IN COMPUTING THE LENGTHS OF REMAINING
SUBREGIONS.SUGGESTED VALUE IS SCFaC=1.50

XLMAX = MAXIMUY LENGTH OF A BLOCK, PRESCRIBED T0O AVOID ILL-CONDITIONED
ELEMENTS (MAXIMUM VALUT OF XLMAX SHOULD NOT EXCEED 25.%TH

NDSC = TOTAL NUMSER OF NODES ON WCLL SCREEN(S) ’

NDSC IS TO BE GREATER THAN DR EQUAL TO 2
NSCREN = NUMBER OF SCFECNFD INTERVALS
IREGL(I)= NUMBER OF REPEATED REGULAR BLOCKS WITH THE SAME NUMBER OF NODES
-1 ON THE LEFT ANO RIGHT VERTICAL LINES ACROSS LAYER 1
SUGGESTED VALUE IS IREG=2
NMINL{T)= MINIMUM NUMBER OF NODES ALONG A VERTICAL LINE ACROSS LAYER I
TO MINIMISE THE TOTAL NUMBER OF NODES,SUGGEST NMIN=2

NFRL(I) = NUMBER OF NODES ON PORTION OF WELL BOUNDARY PENETRATING AQUIFER
OR AQUITARD LAYER 1

XSCR{Y) = 7Z-COORDINATE OF BASE OF SCREEN 1 ABOVE DATUM

HSCRUI) = LENGTH OF WELL SCREEN NUMBER I

OO OOOD

LIST OF QUTPUT VARIABLES

NNODE = TOTAL NUHBER OF NODES 1IN THE FINITE ELEMENT NETHOSRK
NELEM = TOTAL NUMBER OF ELEMENYS IN THE NETWORK
17 = TIME STEP NUMBER
TMM = REAL TIME VALUE AT THE MID-POINT OF TIME STEP IT
™ = REAL TIME VALUE AT THE END OF TIME STEP IT
X = RADIAL AND VERTICAL HNODAL COORDINATES
H =  NODAL HEAD OR DRAWDOWN VALUSS
TLESS = NODAL VALUES OF DIMENSIONLESS TIME,1/U
HLESS = NODAL VALUES OF WELL FUCTION FOR TRANSIENT FLOM,W(U}
1Q = DISCHARGE ITERATION NUMBER
SH = DRAWDOWN VALUE AT CURRENT TIME
QAQFR = DISCHARGE FRCM AQUIFER INTO WELL AT DRAHDOWN SH
QSTRGE = OISCHARGE FRCM WELL STORAGE
QCALL = TOTAL CALCULATED DISCHARGE
QCALL = DISCHARGE FROM WELL STORAGE + QAQFR
QRDIF = RESTDUAL DISCHARGE
QRDIF IS THE ABSOLUTE VALUE OF THE DIFFERENCE BETWEEN
- PRESCRIBED DISCHARGE AND CALCULATED DISCHARGE
NOD = NODE CONNECTIONS OF ELEMENTS IN THE FINITE ELEMENT NETWORK
VEL- = ABSOLUTE ELEMENT VELOCITIES
VCOMPY1 = RADIAL COMPONENT OF ELEMENT VELOCITY
vCOMP2 = VERTICAL COMPONENT OF ELEMENT VELOCITY
= TINDEX TO INDICATE IF A PARTICULAR ELEMENT BELONGS TO DARCY

IDARCY
. DR NON-DARCY ZIONE, IDARCY=0 FOR ELEMENTS IN THE DARCY ZONE,
IDARCY=1 FOR ELEMENTS IN THE NON-DARCY ZONE

OO OONO0O Oﬂﬂﬁﬁﬁﬁﬁﬂﬁﬂﬁﬁﬂﬁnﬁﬁhﬁﬁﬁﬁﬂﬁﬁﬁ

DIMENS ION JDARCY (500} 51
COMMON /WSCREN/XSCR{5}y HSCR(S
COMMON /B LAYR/AKL(3)4BKL{3},VCRLI3)¢SSLI3)4THLI3)4IREGL (3},
INMINL(3), NFRL(3),PMLI3])

COMMON JAELEM/ELK(3,341501+EK(3,3)

COMHON /B8ELEM/B(150,31,C{150+3),AREALL50]

CCMMON /BSOLY/CK{30C0,114VK(20C0)

COMMON /A SOLV/ISTART{30C) yN3AND{300},10(300]

COMMON /CSOLY/VD {20001 4 RINT(300,1),IPRGP(5C0),+D(3,3)
COMMON /VCOM/0RX (5001, YEL (500} ,H{5001,1DARCY(500)

COMMON /BQCAL/VSIA00),QwB(40)

COMMON ZADISC/X{300,2})4NODES00,3) ¢NREP{500)

COMMON /BDRISC/RVECI5C]),NDVEC(50),JBD(50)1,DISPI50)

COMMON /ACDRE/VCORE (2000)

COMMON fATIME/TIME(601,SH(60) ,0SH{5)4QCALC(S]

COMMON /ALEAKIGLFAK(SO).HCOLU(SO)vHF(50),F]NT(50:1)'GP(40)
COMMUN /ADPARA/TLESS(BGO)'HLESS{300),GK(3009I).VDT0P(200)
OQUBLE PRECISICH DEXP, ARGU
DATA NREADyNPRINT/143/

g AAF RS S ARD AR
C ® *
Cc * BLOCK 1 *
C *  *
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Hodook o o X e ok Kok € ok

PRINT INITIAL HEADINGS

OO

WREITE(NPRINT 4 1773)
1773 FORMAT('1¢)
WRITE (NPRINT,1003)
WRITE(NPRINT, 1013)
HRITE (NPRINY,1023)
WRITE(NPRINT,1013)
HRITE (NPRINT,10133)
WRITE(NPRINT,1013)
HRITE (NPRINT,1003)
993 FORMAT{'1*)4XyS1H tohadkinrsin sohdkokion Fkdokonkkokkk d ook doddohde fo & e o ok

1%x)
1003 FORMAT (5X 4 S1H #rtdtdktonsokdkobhnk sk fodkolok S hKobobdodob ek ket A e gk sk %k )
1013 FORMAT (5X,51H * ' *)
1023 FORMAT(S5X,51H * FINITE ELEMENYT ANALYSIS OF WELL PROBLEMS ~ %)
1033 FORMAT(6X,'* TRANSIENT,THO REGIME FLOW TOWARD A SINGLE WELL %¢}

READ(NREAD; 1011 INPROB IVEL 4 IDISCR,ORELAX $1
1011 FORMAT(3110,F10.2) :

DO 4800 JPRO=1,NPROB

HRITE (NPRINT,9003)JPRO
9003 FORMAT(///120X,S0(" %}, /420X, Y%*,13X,*PROBLEM NUMBER =1,

1 T6912Xyt %%, /420X,50(%%%))

READ AND PRINT GENERAL DATA.

T ea0o

READ(NREAD,2001)RW, ROy HO, HTOL s NLAYR $1
2001 FORMAT(4F10.2,110) )
READ(NRFADy 201)QFIXsRCSNG,QRTOL : $1
201 FORMAT(3F10.2} .
READ(NREADy111)IGPy IBOUND, INBCy IKMAX o IHAT . $1
111 FORMAT(5110]} )
TAQTA=IWATY .
WRITE(NPRINTy 23)1RW, RO4+HO,RCSNG
HRITE(NPRINT ;2193 )QFIX,; QRTOL, OREL AXy HTOL
WRITE(NPRINT,193)IGP, IBOUND, I WBCy I KMAX, IHAT
23 FORMAT (///y20Xs 'GENERAL DATA' 4 ///,
: 10Xy *RADTUS OF WELL =V, F10.2477,
10X, *RADIUS OF INFLUENCE =4 4Fl0.2¢4/7y
10Xy *HEIGHT OF WATER TABLE =% 4F10.24/7
10X, *RADIUS OF WELL CASING 31,F10.24//7)
2193 FORMAT(10Xs *DISCHARGE INTO HWELL =t 4F10.247//, I
10X, *DISCHARGE TILERANCE RATIO =V 4,Fl2.44//
10X, * OVER RELAXATION FACTOR =2V 4 Fl2.44//y
10X, *HEAD TOLERANCE =1 3F1244,4/7)
193 FORMAT (10X,* GRAVEL PACK INDEX =44154//
10X *BOUNDARY INDEX =t415¢7/s
10X, *WELL B.C. INDEX =%4154//y
10Xs* LAYER OF MAX PERMEABILITY =44 154//
10X, *WATER TABLE AQUIFER INDEX ='415]
QRYOL=QRTOL*QFIX/2.0
IF(IWBC.EQ.0) RCSNG=0.0

W N e SWN -

HWN -

READ MATERIAL DATA.

(e XNl

WRITE(NPRINT,6013)
6013 FORMAT(///,10X, *FORMATICN PRIPERTIES®,//,

1 10Xt LAYER NOL' 35X " THICKNESS® 5X, *COEFF-AY,
2 5XyYCOEF-B%,5Xy*CRIT. VELDICITY',5Xy*SPECIFIC STORAGE®//)

DO 17 I=1,NLAYR (NLAYR**
READ(NREAD, 3013) THL (1}, AKL{T) 4BKL{I}VCRL(I),(SSLATI) $1

3013 FORMAT(SE10.2) .
GCR=AKL{ T )*VCRL{T)+BKLI) *VCRL{T}**2
PML(1)=1./7AKL(T)
IF{GCR.GT .0.) PML{I)=VCRL(I}/GCR .
WRITE(NPRINT ,7013)T yTHL{TI} ,AKL (T} 4BKLIT) s VCRLAID,SSLET)
7013 FORMAT (10X, 15, 9Xy F9.213(5X,E9+2)y 9XsET.2)
SSL(T)=SSL{])}*1000.

17 CONTINUE /%
RGP=PRW
IF(IGP.EQ.O0) GO TO 29
READ(NREAD,3311AGP,BGP,VGPs THGP,BTGP , $1,SK

331 FORMAT(SF10.3)
RGP =THGP +RW
GRGP=AGP*VGP +BCP *VG PA%2
PMGP=1./AGP
IF(GRGP.NE.O) PMGP=VGP/GRGP
HRITE(NPRINT, 153)AGP,BGPyVGP, PMGP
153 FORMAT (/7/,20X, *GRAVEL PACK PROPERTIES'///
10X, COEFFICIENT A =',F10.4//
10X, *COEFFICIENT B = *,F10.4//
10X, * CRITICAL VELJICITY = *,F10.4//
10X, COEFFICIENT K = * ¢F104//)
WRITE{NPRINT, 163} THGP, RGP
163 FORMAT (10X, THICKNESS OF PACK = 'yF10.2//
1 o 10X, *RADIUS OF PACK = *,F10.2//}

.29 CONTINUE

RN N
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FOR WATER TABLE AQUITARO,READ DELAYED YIELD DATA.

IF(IAQYA.EQ. Q) GO TOD 200

READ(NREAD, 213)1SY, DINDEX i 1$,S5K
FORMAT (2E10.2)

SFAC=DINDEX*5Y/6.

DINDEY=DINDEX/1000.

CONTINUE '

READINREAD,121) NTICR,ITST,TFACTR, TMUL,DTMUL ) $1
FORMAT (2110, 3F10.2)

NNODS=1

GENERATE ELEMENTS OF VECTOR TIME.

TH=THL { TKMAX )

PH=PML { IKMAX )

BK=BKL( IKMAX )

$S=SSLITKMAX]

BKMAX =BK

TPAT=1

NTICP=NTICR+1 _

CALL TIGEN(NTICP,TFACTRyTMUL ¢ DTHUL 4RHsPH,SS,INBC,QFIXyTPAT)

READ AND PRINT DISCRETIZATION DATA.

READ{NREAD,%01)FRLEN,SCFAC, XLMAX ) $1
FORMAT(3F10. 2} -

READ(NREAD, 801 )NDSC NSCREN $1
FORMAT (2110}

IPENTR= 0 .

DO 602 I=1,NLAYR ENLAYR%*
READ(NREAD,1901) IREGL(I ), NMINL(I),NFRL{II : $1
FORMAT (3110} ) _

CONTY INUE : s 1%

READ WELL SCREEN DATA.

SCLEN=0.
WRITE(NPRINT,553})

FORMAT (/4 LOXy *SCREEN NO.*, 10X, 'BASE HEIGHT '3 14X, *LENGTH4//)
DD 702 I=1,NSCREN . *#NSCREN*

READ(NREAD,6011XSCRII)4HSCR(I) $1
FORMAT (2F10.2) S
WRITE (NPRINT 4 563) 1+ XSCRII),HSCRIT)
FORMAT(10Xy 165 14X: F11.2510X,F10.21

SCLEN=SCLEN+HSCRI(I) .

CONTINUE 1%

GENERATE AND PRINT DISCRETIZATION DATA.

CALL GXNDDR(FRLENlSCF&CaKLHAX;RH.RD,NNBDE.NELEH.LVEC'NLAYR|(PENTR.
11DISCR])

GENERATE IPROP

DO 1544 I=1,NELEM

J1=N0OD(I,1}

J2=N0DD(1,4 2}

J3=NOD(1, 3}
XCEN=(X(Jls1)#X1JI2,1)#X(J3,1)}/3,
IF{XCEN.LT.RGP) IPROP{1)=0
CONTINUE

ROMAX=RO

FORM GROSS VECTOR VDTOP.

IF(IAQTA.EQ.0) GO TO 166

CALL VDFBILVEC)

00 176 I1=1,NNODE

HINTII,1)=0.0

CONTINUE

CONTINUE

NN=3

CALL EBFIN3{LEN, NELEM,NN,NNODE)}
TE(NPRINT ,3233)LEN

?Eé“::l//f};lOX.‘LENGTH OF GROSS VECTOR ='4184/7)

DO 130 I=1,LEN

vo{1i=0.0

COHTINUE

IELST=1

DO 632 M=1,NELEM

JI=NOD (M, 1)

J2=NND(M, 2)

J3=NDD (M, 3)

ORX(MI=(X(JL, LI eX{J29 204X (I3 1})/30

CONTINUE

CALCULATE HEAD AT VARIOUS TIME VALUES

TMIS=TH*PM



642

1345
1245

3545

1445

245

FP1=88./7.
CUNSY=QFIX/{FPIXTMIS)
DIFFUS=PM/SS
-LVST=2

NST=NDVEC (1}
LSTEL=NDVEC(1)
NELTO=NELEM

DO 642 I=1,LVEC
HCOLD(I)=0,

HFLI)=0.

FINT{T,1)=0.
QLEAK(I)=0,
IF(ITST.EQ.1) GO TO 1245
CALL HREADINNODS,1,1)
CALL HPUNCH{NNODS, 341}
CALL HREAD(LVEC,1,2)
CALL HPUNCH(LVEC,3,2)
1ST=NNODS+1

DO 1345 I=IST,NNODE
HUI }=HO

CONTINUE

GO TO 1445

CONTINUE

DO 3545 I=1,NNODE
H{I)=HO

CONTINUE

CONTINUE

DO 245 1=1,NNODE
HINT(T,10=H(I}

CONT INUE

DELT=TIME(1}
NDOTO=NNODE
TTHIN=NTICR

176.

o0M

QAQFR=2.%QRTOL
SWOLD=0.0

ESTIMATE WELL ORAWDOWN FOR FIRST TIME STEP.

CALL DSWINT{DSOLD, BK;QFIXyTMISy THeRW,SCLEN, DIFFUS.CUNSTI

DSOLD=0.6%DSOLD

IFINLAYR.EQ.1) DSOLD=1.2*D50LD

[o]

ann

o0

adn

I15T=1
FQ=0.0
NQITER=5

" SET JDARCY.

299

DO 299 I=1,NELEM
JOARCY(1) =0
CONTINUE

LOOPING WITH LOOP PARAMETER 1T=1,NTICR

DO 7007 IT=ITST.NTICR
ITCUR=IT

IF(IT.GT.1) DELT=TIMELITI-TIMEL{IT-1}

TH=TIHE(IT)
LVYST=LVEC

NST=MNNODE
TMM=TM-DELT*0.5
WRITE {NPRINT +683)IT

683 FORMATU///410X,35('%% )y /410X, % 44X,

333 FORMAT(///+10X41 0" %% ), /410X, *%*39X, * TIME

343

709

503 FORMAT(// /41X, "EFFECTIVE SPECIFIC YlELD

m

1 *TIME STEP NUMBER

TMIL=TMM/1000.
HRITE{NPRINT,333)THIL

=0, 0545Ky %%, /4 10X,35(°%%))

1 . E14.3,9X "%/ 10X+ 411 %" ),/ /)
WRITE(NPRINT , 343 }R0,NNOCE,NELEM,LVST

FORMAT [/, 10X,

17/410X, '"CORRESPNONDING NO. OF NODES
210X, *CORRESPONDING MN. 0F ELEMENTS
310X, *CORRESPONDING COMPONENT OF VECTOR NDVEC

COMPUTE DIMENSICNLESS TIME.

CONS=4.0%DIFFUS*THMH

DO 709 I=1,NNODE
TLESSII]'CONS[KII|[3'*Z
CUNTINUE

FOR WATER TABLE AQUITARD COMPUTE BOUTON®S INCREMENTAL DEL&YED YIELD.

IF(1AQTA.EQ.C) GO TO 777
ARGU=-DINDEX*DELT*0.5
TERM=DEXP (ARG}
ES=SY#*(1.-TERM)
WRITEINPRINT +903)ES
ES=ES*1GC0.

CONTINUE

*ESTIMATED RADIUS OF INFLUENCE

=* JF1D.2¢
='.15'.H.

="‘5r/,'

-"IS",'

=',El14.4)
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-INITIALISE HEAD VALUES.

[s XN 2]

IF(IT.€EQ.1) GO TO 165
6TT CONTINUE
DO 155 I=},NNODE
HINT(Y,1)=H{I)
155 CONTINUE
165 CONTINUE
CALL EBFIN3(LENy NELEM,; NNyNNODE}

[aK X2l

FORM GROSS VECTOR VD.

IF(IELST.GT.NELEM} GO TOD 1235
NT=0
DO 135 IE=TELST,NELEM
IF{IPROPUIE) .NEL.O) L=IPROP(IE)}
SC=SSL (L)
CALL ELGND3(NT,SC,IE)
CALL MERBD(NN,IE)

135 CONTINUE
TELST=NELEM+1

1235 CONTINUE
DO 2722 I=LVST,LVEC
IF(NST.GT .NDVEC(I)) GO TO 2722
JJ=NDVEC(I-1)} ’ ’
JF=1
GO YO 2822

2722 CONTINUE

2822 CONTINUE
LMB=NDVEC (JF}-JJ

CALL VECHUL INNODE, LEN)

FOR WATER TABLE AQUITARDy COMPUTE BOULTON'S DELAYED YIELD.

oo O

IF(IAQTA.EQ.0) GO TO 278

CALE GVMOD(LVST,ES,1)

JF(IT.EQ.1) GO TO 278

FTERM=0.5*DELT*SFAC

CALL GKMOD(LVSTy FTERM)
278 CONTINUE

HW=HO

NDW=NDVEC(1)

NDRO=LMB

CALL BMDF IX{HW,HO,NNODE NBDsNDH NDROyNBHsRH;NSCREN)

STORE ELEMENTS OF MATRIX GK FOR DISCHARGE COMPUTATION.

[2Xa N <]

D0 1378 1=1,NBW

JI=J8D(1)
1378 GPII)=GK(JJy1)
SET UP LOOP FOR WELL DISCHARGE ITERATION.
DO 998 1Q=1,NQITER

ADJUST VALUE OF WELL DRAWDOWN.

SET IDARCY=JDARCY.

OO0 OO0

DO 99 I=1,NELEM
TODARCY (1)=JDARCY(I)
99 CONTINUE

RESET HEAD VALUES.

[a XX o]

00 1559 I=1,NNODE
HII)=HINT (I, 1)
1559 CONTINUE
WRITE(NPRINT,5003)
5003 FORMAT{(/,5X,30('—~ "))
CALL FQSET{IT,ITCUR,DELT,FQ,TPAT}
CALL SWMODI(TQ, IT,RCSNG,DELT,QFIX; QAQFR, SWOLD,DSOLD, TPAT+FQ)
WRITE(NPRINT y833)1Q,DSW(TG)SHIIT?
833 FORMAT(///410X,*NISCHARGE ITERATION NUMBER =4, 1104/ /s

1 10X, *DRAWOOWN IMCRCMENT  "=*,F10.34//,
C 2 10X, * DRAWDOWN VALUE =%,F10.34//)

NBIS=NBW

IF(XSCR(1).GT.0.) NBIS=0

NBP=NBIS+1

IF(NBP.EQ.1) GO TO 94
DO 117 I=1,NBW
117 CKET+11=SWII T)+HO
94 CONYINUE
HH=HO+SH{IT) y
CALL BMDF IX{1H,HO,NNODE yNBD¢NDWNDRONBH¢RHNSCREN)

C SET UP LOOP FOR ITERATION ON HEAD
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300

305

155

365

350

978

555

530

98
378
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NITER=S

IFCBKMAX.LEL0.0) NITER=]
VCOUNT =0

DO 999 I1I=1,NITER

ZERO GROSS STIFFNESS MATRIX AND LOAD MATRIX

DO 300 I=1,LEN
VCORE(11=0.0
CONTINUE

DO 305 1=N8P,NNODE
CK(1,1)=GK{I,1)
CONTINUE

COMPUTE STIFFNESS MATRIX FIR EACH ELEMENT AND HERGE‘
FOR T1I=1 ONLY PERFORM SOLUTION FOR DARCY CASE

NN=3

DO 350 I=]1,NELEM

NT=NREP(T}

IF({1PROP(]}.EQ.0) GO TO 755

L=IPROP(I}

AKK=AKL(L)

BRK=BKL(L)

PKK=PML (L)

GO 10 365

CONY INUE

AKK=AGP

BKK=BGP

PKK=PMGP L
CONT INUE -
CALL ELGNCT(IoIIIgAKK:BKKyNT,VCOUNT,PKK)
CALL MERB3(NNsI)

CONTINUE

DO 978 I=14LEN

VK{1)=0.0

CONTINUE

IF{TAQTA.EQ.0) GO TO 555

CALL GVMODILVST,ES, 0}

CONTINUE

DO 530 1=1,LEN

VK{I)= VCORE(I)*DELT*O.5*VD(I)+VK(I)
CONTINUE

FIX THE WELL DRAWDOWN.

RLEN=0

JI=JBD(NBW)

DO 98 I=1,J4J
NUEN=NLEN+NBAND(1)
CONTINUE

DO 378 I=1,NLEN
VS(1)=vK(I}

SOLVE EQNS BY BANDED ELIMINATION SCHENE

NLL=1
NBM=NBP-1
CALL FQFLUX{ NBM,NNODE)

- NBX=NBW

415

460

450

900

" 950

IF{ IBOUND.EQ.1) NBX=NBD

"CALL SYMSOLINNODE,NLL sNBM,NBX)

?RINT out SOLUTIDN FOR FUNCTION

IF(I11.€Q.1) GO TO 900

CONTINUE

NCOUNT=0

EMAX=0.0

DO 450 I=1,NNODE
EPSI=CK(I411-H(I)

EPSIS=EPS!

TF(ABS{EPSI) .GT.EMAX) EMAX=ABS(EPSI)
TF(ABS(EPSI).LE.HTOL) GO TO 460
NCOUNT =NCOUNT+1

H(I)=H(T) +ORELAX*EPSIS

GO TO 450

CONTINUE

HLI)=CK(T,1)

CONTINUE :
IF(NCOUNT.EQ.0} GO TO 1000

GO 1O 1999

CONTINUE

DO 950 1=1,NNODE

H{1)=CK(T,1) o

H 13=(HO=H{ 1)}/ CUN
l;f??;CUR.GT 1T} .AND. (10Q.EQ.1)) TLESS!II-TLESS(I)*TM/TMH

CONTINUC
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CONTINUE
IF(NITER.EQ.1) GO TO 999

REGENERATE IDARCY

DO 199 I=1;NELEM

J1=NOD(141)

J2=NOD(1,2)

J3=R0OD(143)

NT=NREP(I )

IF(IPROP(II.NE.O} L=IPROP(])

AK=AKL (L)

BK=BKL(L)

PHK=PML (L)

VCR=VCRL(L}

CALL SETARGIAGP,BGP PMGP,VGP, AKyBKyPMK,VCRy 1)

CALL VCHEC3(I4AKsBK¢JLyJ24J3,NTyPHMKyVCRyHRRX ¢ HRRY }
CONTINUE

CONTINUE

CONTINUE

WRITE (NPRINT,413)I11

FORMAT(//, 10Xy *"NUMBER OF TTERATIONS REQUIRED =v,15)
HRITE{NPRINT, 473)NCOUNT,EMAX

FORMAT (// 410X, *TOLERANCE COUNTER FOR HEAD =%4134//s
1 10Xs "ABSOLUTE MAXIMUM ERROR IN HEAD =t yFl2.4)

CHECK FOR ACCURACY OF DISCHARGE RATIO.

ODKRD=DSW{IQ}
CALL AQDIS(NBW, QAQFR,QRDIF»OELT,TH.RCSNG'IQ'QFIX.DHD)

PRINT FINAL DISCHARGE VALUES.

QCALL=QCALC{IQ)

QSTRGE=QCALL~-QAQFR

WRITE(NPRINT,1203)QAQFR,QSTRGE+QCALL,QRDIF

FORMAY (///,10X,*DISCHARGE FROM AQUIFER INTO WELL =V, F12.44//s
l 10Xy *DISCHARGE FROM WELL STORAGE =*4Fl4.3,//,

10X, " TOTAL CALCULATED DISCHARGE =t yFl4.3¢//+

ZIOX.'RESIOUAL DI SCHARGE =*3F10.4]

IF(QROIF.LE.QRTOL) GO 7O 1102

CONTINUE

1102 CONTINUE

ado

RESET IDARCY.

DO 2599 I=1l,NELEM
JODARCY(I)=IDARCY(I} .

2599 CONTINUE

SHWOLD=SHW(IT)
DO 4T0 I=1,NNODE
HLESS (1)= (HO-H(1))/CUNST

470 CONTINUE

(2 X2 X2}

4203

1103
3000
557

- 577

CALL ROUT(NNODE)
COMPUTE AND PRINT ELEMENT VELOCITIES

IF(IVEL.EQ.O} GO TO 557
HWRITE (NPRINT,4203)

FORMAT('l"///pZOX,'**t****t###t****#*#*t*tttt*t#ttt**#t*#*t'I
1 20X, ** ELEMENT VELDCITIES x4/
2 20Xy VERREXEASEX R KF K KRR KKK REXLEKARKKRKKKEXKEKKK I/ /]

310Xs 'ELEM NO.* 410X, *RADIAL VEL® 10X, *VERTIC VEL® 10X, *IDARCY'y///)
DO 3000 I=1y NELEM

J1=NOD(I,1)

J2=N0OD(1,42)

J3=N0D(1, 3)

NT=NREP(I)

IF{IPROP(I).NE.O) L=IPRCP (I}

AK=AKL (L)

BK=BKL(L)

PMK=PMLI(L)

VCR=VCRLI(L])

CALL SETARG(AGP, BGP,PMGP,VGPy AKyBKsPHMK,VCR,T)
CALL VCHEC3{T,AKsBKsJ19J29J3yNT,PMKsVCRsHRRXsHRRY]
VCOMP1=—VEL(I}%HRRX

VCOMP2=—VEL(I)*HRRY
WRITE(NPRINT,1103)1,VCOMP1,VCOMP2, IDARCY(I)
FORMAT(10X,15,2(10X4F10.3)¢10Xy15)

CONTINUE

CONTINUE

1F(IT.GT.ITMIN) GO TO 577

1F(ITCURL.GTL.IT) GO TO 7000

TMIL=TM/1000.

HRITE (NPRINT,333)TMIL

ITCUR=TIT+1

GO TO 677

CONT INUE

THMIL=TM/1000.
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180/
WRITE (NPRINT ,333)TMIL

OBTAIN HEAD V&LUES AT THE END OF TIME INTERVAL BY EXTRAPOLATION.

DD 477 1=1,NNODE
TLESS(T)=TLESSIT )*XTH/THM
HII)=2.0%H(T)-HINT(I,1)
HLESS{I }=(HO-H(I)}/CUNST
CONTINUE

SWTEMP=SWOLD
SHOLD=H(1)-HO

QFR=QAQFR

DWTEMP =SHOLD-SHTEMP
QAQFR=QFR*SWOL D/ SHTEMP
ACSNG=22.#RCSNG**2/7T,
TRM=ABS{ACSNG*DWTEMP*2, /DELT)
QCALL=QAQFR+TRM#10. ®+3
QRDIF=ABS (QF IX-QCALL)
SWIIT)=SwWoLD
QWSTR=QCALL-QAQFR

WRITE (NPRINT,1203)QAQF
CONTINDE QAQFRyQHSTR 4QCALL 4 QRDIF
CALL ROUT (NNODE}
CONTINUE

IFITAQTA.EQ.0) GO TO 6007
DO 9007 I=1,LVST
L=NDVEC(I)

HF(T)=H(L)
FINT{T;1}=HINTIL,1)
CONTINUE

CALL BSIMPILVST,THy DINDEXySYy DELT 4 IT 401}
DO BOOT I=1,LVST
L=NDVEC(I)

HCOLDITI ) =H(L)

CONTINUE

CONTINUE

CONTINUE

PUNCH OUT SOLUTION AT FINAL TIME.

CALL HPUNCH{NNODE, 2,1) ’
CALL HPUNCH(NNUDE.Z.ZI ' :
CONTINUE

CONT INUE

. STop

10

33

94

END
SUBROUTINE GXNODR{FRLEN,;SCFAC s XLMAXsRHyRO, NﬂODE.NELEH.LVEC.NLAYR.
LIPENTR,s IDISCR)

GENERATES DISCRETIZATION DATA.

COMMON /CSOLV/VDI{2000)+HINTI300,1),IPROP{500),0(3,3)
COMMDON /ADISC/X(300,2),NODI500,3),NREP{500)
COMMON /BDISC/PVEC{50) ,NDVECI 50}, XLEN(100)
COMMON /ZALAYR/AKLI3),BKL(3)yVCRLL3), SSLI3) 4 THLI3) 41 REGL(3),
LNMINLU3) 4NFRL{3) 4 PMLI3)
COMMON /AELEM/NTRAN:3,90).NHlt3.901.NH2!3.90}.N031t3.901.
INDB2(3,90),NDHB( 3}
DATA NPRINT/3/
CALL DCRGN2{RO,RHW;SCFACsFRLEN,NRR,XLMAX}
NRST=1
THTO=0.
NSTFR=1
NDWBI(1)=0
DO 10 I=1,NLAYR
THTO=THTO+THLII)
NFR=NFRL( 1)
NDWB{ L)} =NCHB{1)+NFR
JREG=IREGL(I) .
NMIN=NMINLIT)
CALL VCRGRI(NFR|IREG.NRR,hHIN,NSTFR.NRST.!PENTR'II
CONTINUE
CALL NCRGR2{NRST,NRR,NLAYR,NSTFR}
TF{IDISCR.EQ.O0) GO TO 94
WRITE(NPRINT;33)NLAYR,MRR
FORMAT (*1',20X,"DISCRETISATION DATA®y//,
1 : 10X, *NUMBER OF LAYERS =%,15,//,
10X, "NUMBER OF REGIONS =ty 15,/77)

CONTINUE
DICRETISE ENTIRE REGION INTO TRIANGULAR ELEMENTS.

KCREP=1

NSTOR=1

NTSEL=1

DO 65 I=NRST,NRR
00 691 L=1,NLAYR
Hl=NH1 (L41}
N2=NH2{L, 1)
NFNDL=NDB I{L, I}



181,

NFND2=NDB2(L,1)
NPAT=NTRAN(L,1)
. CALL BBLOCKIKCREP,N1,NFND1,NFND2,NPAT NTSEL)

NELEM=NTSEL-1
DD 68 I1E=NSTOR,NELEM
IPROPI(IE) =L

68 CONTIMUE
NSTOR=NTSEL

691 CONTINUE
65 CONTINUE

PRINT OUT ELEMENT DATA.

o0n

NELEM=NTSEL-1
IFLIDISCR.EQ.O) GO TO 104
HRITE(NPRINT 83}

83 FORMATI(///+10X,46H IDENTIFICATION OF ELEMENTS — NODE CONNECTIDNS,/
1/7412X, THELEM NO,L10X,5HNODEL y LOXy SHNODE2,10X,SHNODE 34 10Xy 17THREPETI
2TION NUMBER,//)

DO 80 I=1,NELEM
HRITEINPRINT+93}1,(NOD(I¢K),K=1,43)4NREP(I)

93 FORMAT(10XsI5:3(10X,15}412X,19)

80 CONTINUE

104 CONTINUE

GNERATE NODE COORDINATES.

[222K2]

RI=RW
NS=1
MM=1
DO 75 I=NRST,NRR
DXG=XLEN( I)
21=0,0
DO 87 L=1,NLAYR
TH=THL(L)
NN=NH1(L, 1)
CALL COORDC{NS,MM,;NN,DXGy THyRT,ZT)
Z1=TH
NS=NS-1
RI=RI-DXG
87 CONTINUE
RI=RI+DXG
NS=NS+1
75 CONTIHUE
© 11=0.0
DO 87T L=1,NLAYR
TH=THL(L)
NN=NH2 (Ls NRR )
CALL COORDC( NS MMy;NN,DXGyTHsRT421)
Z1=TH
NS=NS-1
RI=RI-DXG
877 CONTINUE
C
c .
» NNODE = NS :
IF(IDISCR.EQ.O) GO TO 114
WRITE (NPRINT, 103)
103 FORMAT('1%,10X, *NODAL COORDINATES®,//;10X,*NODE * 45X,
1*R-COORD" 45X, *Z-COORD ', //)

DO 85 1=1,NNODE
-~ WRITE(NPRINT (113)}1,X(I,1)sX(1,2)
113 FORMAT(10X,I4y2F11.2)
85 CONTINUE
L14 CONTINUE

c
c GENERATE TOP BOUNDARY COORDINATE VECTORS.
c .
NDTD=NS ;
CALL TOPVEC(THTO.LVEC,NDTO}
c
C PRINY OUT BOUNDARY COORDINATE VECTORS.

WRITE(NPR INT,223)
223 FORMAT(///+20X,'TOP AOUNDARY NODES AND RADIAL COORDINATES',///,
110X, *NODE NUMBER?' ,20X,'R-COORDINATE® 4//)
DO 335 I=1,LVFC
) WRITE(NPRINT 333)NDVEC(I),RVECL(])
335 CONTINUE
333 FORMAT(10Xy17425X%XF10.2)
RETURN
END
SUBROUT INE DCRGN3(R0y RHySCFAC ¢ FRLENy NRR ¢ XLMAX)

GENERATES DISCRETIZATION PARAMETERS:— NRRyXLEN

[ Xzl s

COMMON /BDISC/RVEG(50),NDVEC(50), XLEN{100)
HAXNR=89

XLEN{1}=FRLEN

RLEN=RO-RH
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SUM=XLEN{ 1}

D3 10 I=2,MAXNR

XLENIT)=XLEN(I-1)*SCFAC
IFEXLENCTYLGT.XLMAX) XLEN(I)=XLMAX
SUM=XLEN(I)+SUM

IF(SUM.GT.RLEN) GO TO 20

CONTINUE

CONT INUE

XREM= RLEN+XLENIII -SUM

NRR=1

DENOM=1 .+ SCFAC+SCFAC*%2

XKLEN{1-2) =(XREM+XLEN([~1) #XLEN(I-2)) /OENOM
XLEN({I-1)=XLEN({I~2)%SCFAC
XLEN(I)=XLEN{I-1)%SCFAC

RETURN

END

SUSBRODUTINE NCRGRI(NFRy IREG,NRRyNMIN, NSTFRyNRST; IPENTR,L)

GENERATES DISCRETIZATION PARAMETERS:— NTRAN,NH1 {NH2 4NDB1,NDB2

COMHKON /AELEM/NTRAN(3,90) 4NHL {3,90),NH2{3,90),NDR1{34901},
INDB2(3,90),NCHB(9)

NC=NFR

NCOUNT=0

DO 10 1=NRST,NRR

IRGG=IREG

IFC(1.EQ.NRST).AND. (IPENTR.NE.O)} IRGG=0
NCOUNT=NCOUNT+1

IF(NCOUNT .LT.IRGG) GO TO 20

HCOUNT=0

NHALF=NC/ 2

NREM=NC—-2%NHALF

IF(NREM.GT.0) .GO TO 15

MC1=NC-1

IFINCI.LT.NMIN} GO TO 20

NTRANILs 1 1=2

NC=NC1

NH2{L,I)=NC

NHI(L, I)=NC+1

GO TO 10

CONTINUE

RC1=NHALF +1

IF(NC1.LT.NMIN) GO TO 20

NTRAN{L,I)=1

NC=NC1 -
NH2{L,1)=NC T ’ -
NHL{L,1)=2%NH2(L,I)-1 -
60 TO 10

CONTINUE

NH2 (L, I)=NC

NTRAN(L,I)=0

NHI(L, T)=NH2(L,T1)

CONT INUE

RETURN

END

SUBRODUTINE NCRGR2(NRSTNRRyNLAYRyNSTFR)

MODIFIES THE VALUES OF KDBL AND NDBZ.

COMMDON /AELEM/HTRAN (3,90)4NHL(3,90)sNH2(3,90) +NDB1(3,501},
INDB2{ 2,90 ),NOHB(9)

NDBC=NSTFR

DO 50 J=NRST.NRR

NDB1(1,J)=NDBC

IF{NLAYR.LT.2} GO TO 56

DD 55 L=2,NLAYR
NDBL{L,J)=NDBI(L-1yJI¢+NH1(L-14J}-1
CONTINUE

CONTINUE

L=NLAYR

NDBC=NDB1 (Ls J}+NHL{Lsd)

CONTINUE

NR1=NRR~-1

D3 60 J=NRST4NRL

DO 65 L=1,NLAYR

NOB2(Ly J)=NDBLIL,J+ 1}

CONTINUE

CONTINUE

HDB2{ 1, NRR)=NDBC

DO 75 L=2,NLAYR

NDB2{L 4NRR}=NNBZ{L-1,NRR)+NHZ (L-1.NRR)-1

T5 CONTINUE

RETURN
END
SUBROUTINE CUURDC(NSrHHQNN:DXG'TH!R]|Zl'

GENERATES NODAL COORDINATES.

COMMON ZADISC/X(300,23,NOD(500,3) 4NREP{50C)
COMMON /ASOLV/XX 15,901, XY{5,90)
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DY=TH/(NN-1}

DO 20 L=1,4NN
XX{l,L)=RI

DO 50 K=1,MM
XY{Ky1)=21

DO 60 J=2,NN
JMI=g-1

DO 70 K=1,MM
XY{Ks SI=XY(K,JM114DY
CONTINUE
CONTINUE

DO 80 J=1,MM

DO 90 K=1,4hNN
L=NN#{J-1)+K+NS-1
XL 1¥=XX{JyK)
X{L2)=XY (J,K)
CONTINUE
CONTINUE
NEN=NS+{MMxNN)—-1
NS=NEN¢1
RI=EX{MNEN,; 1}+DXG .
RETURN

END

SUBROUTINE BBLOCKIKCREP{NL,NFND1,NFND2,NPAT,NTSEL}

GENERATES ELEMENT CONNECYIVITIES IN BASIC BLOCKS.

DIMENSION ND(3,3)

COMMON /ADISC/X{300,2}4NOD(500,3) 4NREP(500)

ND(1,1})=NFND1L
ND({1,;2)=NFND2
ND(1y3)=NFNDL1¢1}
ND(2,1)=ND(1,3)
ND{2,2)=ND(1,2)}
ND(2,3)=ND{1,42)+1
IFINPAT.EQ.L) GO TO 200
IF{(NPAT.EQ.0) GO TO 265
NTEMP=N1-2 :
00 90 JJ=1,2
NST=NTSEL
NLST=NST¢NTEMP

DO 40 J1=NSY,NLST
NREP(J1)}=KCREP
KCREP=KCREP+1

DO 50 K=1,3
NOD(J1,:K)=ND(JJsK}+ [J1-NST)
CONT INUE

CONTINUE
NTEMP=NTEMP-1
NTYSEL=NLST+1
CONTINUE

GO TO 400

CONTINUE
ND(3:1)=ND(2,1}
ND{3,2)=ND(2,2)+1
ND(3,3)=ND{3,1)+1L
NTEMP=(NL-1)/2-1
L1=2

L2=1

00 250 JJ=1,3
L3=2

IF{JJ.EQ.2) L3=]
NST=NTSEL
NLST=NSY+NTEMP

DO 260 J1=NST,NLST
NREP(J1)=KCREP

DO 270 K=1,3
IF(K.EQ.1) LL=L1
IF(K.EQ.2) LL=L2
IF(K.EQ.3) LL=L3
NOD(J1,K)=ND{JJyK) ¢+ (JLI-NSTI*LL
CONT TNUE

CONTINUE
KCREP=KCREP+1
NYSEL=NLST+1
CONTINUE

GO TO 400

CONT INUE
NTEMP=N1-2

DO 190 JJ=1,2
NST=NTSEL
NLST=NST+NTEMP

DO 140 J1=NST,NLST
NREP(J11=KCREP

DO 150 K=1,3
NOD(J1,K)=ND(JJyK)+ {JL-NST)
CONTINUE

CONTINUE
KCREP=KCREP+1
NTSEL=NLST+1

183.
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CONTINUE

CONTINUE

RETURN

END

SUBRGUTINE AQPROP(NELEM,RGP,; BTGP, TH)

COMPUTES ELEMENT PROPERTIES INDEX,IPROP.

COMHMON /ADISC/X(3004,2),NOD(500,3),NREP(500}
COMMON ICSULVIVDIZUOOipH!NT{BOO:linlpﬂﬂPtﬁnoiuU(3,3l
DO 10 I=1,NELEM

J1=NOD{(I,1)

J2=N0OD(1I,2)

J3=NOD( 1, 3)

ORX=(X(JL,1}+X(J2,10+X[J3,1}) /3,

IPROP(II=1
IF((ORX.LT.RGP).AND . (ORY.GT«BTGP}) IPROP(I) =0
CONTINUE

RETURN

END

SUBROUTINE TOPVECI(TH,LVEC,NDTO)

COMPUTES RADIAL COORDINATES FOR NODES SITUATED ON TOP BOUNDARY.

COMMON /ADISC/X(300,21,NOD(50043),NREP{500)

" COMMON /BDISC/RVEC( 501 {NDVEC{ 501 XLEN{ 100}

10

J=0

DO 10 1=1,NDTO
TOIF=ABS(TH-X{1,21))
IF(ZDIF.GT.0.001) GO TO 10
J=J+1

NOVEC(J)=1

RVEC(J)=X(1,1)

CONTINUE

LVEC=J

RETURN

END

SUBROUTINE ELGND3{NT,SCM)

GENERATES ELEMENT MATRIX,D, FOR TRIANGULAR ELEMENTS.

COMMON /ADISC/X(300,2},NOD{500,3) 4NREP(500)
COMMON /C SOLV/VD(2000) 4 HINT(300,1 } 1 PROPI500) ,D{3,3)
COMMON /AELEM/ELK{ 343,150} EK(3,3)

COMMON /BELEM/B(150,3),C{150, 3),AREAL150)

COMMON /VCOM/ORX(500} 4 VEL {500 )} y HL500) s 1DARCY(500)
J1=NOD(M, 1)

J2=NDD (M, 2)

J3=NOD(M, 3)

ORX (M) = (X {JLs L14X{I2y 1I4X(J3,11)/3.
IF(NREP(MI.EQ.NT) GO TO 50
NT=NREP(M)

X3=X{J241)1-X{J1s 1)
XM=X(J3,1)=X(J1,s1)
YI=X{J2:21-X(J1,2)
YM=X{J3,2)-X{J1,2)
AREAINT )20, 5%(XJ*YM-XM*YJ )
AFUN=2 .*AREA(NT)
BINT,1)=(YJ-YM) JAFUN

BINT,2)=  (YM)/AFUN

BINT¢3)= (=YJ)/AFUN

CINTy1)=( XM-XJ} /AFUN

CINT,2)=  (=XM)/AFUN

CCINT,3)=  (XJ)/AFUN

110
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DO 1CO I=1,3

DO 100 J4=1,3

1F(J-1) 105,110,110

FLK{I s JyNT)=BINT 1) #B{NTyJI+CINT, I }*C(NT,J]
GO 1O 100 '
ELK(I s JyNTI=ELK(Js I (NT)
CONTINUE

FORM ELEMENT MATRIX:- D

DI{1:17=0.5%0RXI{M)*AREA(NT }*SC/3.
Dl242)=0D{1,1)

Di3,3)=D(1,1)

D(142)=0(1,1)%0.5

N{2,1})=0(1,2)

Di1,3)=D(1.,2)

D(341)=D(1,3}

D{2:+3)=0(1,2)

D{3,21=D(2,3)

CONTINUE

RETURN

END _
SUBRUUTINE ELGNCT(M,T11,AKBX NTyVCOUNT,PMK)

GENERATES ELEMENT MATRIX EK,FOR TRIANGULAR ELEMENTS.
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COMMON /ADI SC/X(300,2),K00(500,3) yNREP(500)
COMMON /AELEM/ELK(3434150),5K( 3,3)

COMMON /BFLFM/B{15043),CI150;3),AREA(150)
COMMON /VCOM/0RX (500) 4 VEL (500 }, H{500 ), 1 DARCY (500)
1F( INARCY (M) .£Q.0) GO TO 70

CONTINUE

J1=NOD{M, 1)

J2=NOD (M, 2)

J3=NOD (M, 3)

CALL CONSTTUMyAKyBK JACONSTyJ1 432, J3,NT)

GO TO 80

CONTINUE

PX=PMK

ACONST=PX*ORX (M) #AREAINT)

CONTINUE

CALCULATE ELEMENT MATRIX

DO 200 I=1,3

D0 200 J=1,3

EK(I,J)= ACGHST*ELK(I,J;NTI

CONTINUE

RETURN

END .
SUBROUTINE CONSTT{M,AKsBK;ACONST, J14J2,J3,NT)

COMPUTES NON-LINEAR COEFFICIENT FOR TRIANGULAR ELEMENTS.

COMMON /BELEM/B(150,3),C(150, 3} ,AREA{ 150}

COMMON /VCOM/ORX(500), VEL{500),H{500), IDARCY({500}
HX=B(NT L) *H(J1) +BINT,2)¥H{J2) +BINT,3}*KH(J3)
HY=CUINTy 1 1*H{J 1) +CUNT, 21%H{ J2) +CINT, 3)%H{ J3)

HS= ABS{ SQRT(HX#%2+HY%%2)}
TEMP=0,5%AK+SQRT (0. 25%AK**2+BK*HS }

VEL (M} =HS/TEMP :
ACONST=AREA(NT)#ORX (M) /TEMP , N
CONTINUE ) '
RETURN

END

SUBROUTINE EBFIN3{LEN,NM,NN,LL}

SUBROUTINE TO GENERATE THE BANDWIDTHS OF THE BANDED SYM STIFFNESS
MATRI X. NBAND CONTAINS THE BANDWIDTHS, ID THE POSITION OF THE
TERM ON THE DIAGONALS OF THE ORIGINAL MATRIX, LEN IS THE LENGTH
THE VECTOR.

DIMENSION LV(3)

COMMON /ZASOLV/ISTART(300) {NBAND{300),1ID{200)
COMMON /ADISC/X{300,2)4NODI50043) ,NREP{500}
D0 20 I=1,LL

NBAND(I)=1

ISTART(1)=I

CONTINUE

SCAN THROUGH THE LDCATION VECTOR FOR EACH MEMBER TO FIND
THE POSITION OF THE TERM FURTHEREST FROH THE DIAGONAL IN EACH ROW

NF2=NN
DO 25 I=1,NM
DO 30 J=1,NF2
LVIJI=NOD(I,J)
CONTINUE
DO 45 J=1.NF2
IFILY(J).EQ.0)GD TO 45
DO 40 K=1,NF2
IF(LV(J).GT.LVIK)) GO TO 40
NH=LV(K)I-LV{J]+1 )
NR=LV(J)
IF{NW.GT.NBAND(NR})} NBANDINR}=NW
CONT INUE
CONTINUE
SEARCH FOR THE FURTHEREST OFF-LEFT TERM

DO 55 J=1,NF2

IF(LV(J).EQ.0) GD TO 55

DO 65 K=1.NF2

IFILV(J).LT.LVIK)) GO TO 65
NH=LY{K}

HR=LV(J)

TFINR.LT.ISTART{NR} ]} ISTART(NR)=NNK
CONTINUE

CONTINUE

CONT INUE

SET UP 1D VECTOR AND COMPUTE LENGTH OF STIFFNESS VECTOR
ALSO CHECK THAT NBAND DCES NOT DECREASE BY MORE THAN 1 AT A TIME

LEN=NRAND (1]}
DO 50 I=2,LL
lFiNBANﬂI}I—NBANDII*lI.LT.Ol NBAND(I)=NBAND(I-11-1
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LEN=LEN#NBAND(T)
CONTINUE

ID(L)=1

DO 60 I=2,LL
J0E1)I=IDCI-1)+NBAND(I~-1)
RETURN

END

SUBROUTINE MERBD{N, M}

ﬁERGES ELEMENT MATRIX D INTD GROSS VECTOR VD.

COMMON /ADISC/X(300,2),NOD(50043) NREP{500}
COMMON /AELEM/ELK(3,34150),FK(3,3)

COMMON /A SOLV/ISTART(300) yNSANG(300),10¢300)
COMMON /CSOLV/VO(ZOOO).HINT(30011)ylPROP(SOO)qD(3'3)
DO 10 I=1,4N

IK=NOD (M, I}

IF(IK.EQ.0) GO TO 10

DO 20 J=1,N

JK=NOD (M, J)

IF(IK.GT.JK)Y GO TO 20

IPOS=ID(IK)¢JK—1IK

VD(1IPOS)= VD(IPOS)+D(I'J)

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE MERB3 (N4 M)

MERGES ELEMENT MATRIX EK INTO GROSS VECTOR VCORE.

COMMON /ADISC/X(300,2),NOD(500,3),NREP(500)
COMMON /AELEM/ELK(343,150),EK(3,3)

COMMON /AsoLV/xsrART(300).NBAN0(300),10(300)
COMMON /ACORE /VCORE (2000)

DO.10 1=1,N

IK=NOD (M, ) ,

1IF(IK.EQ.0) GO TO 10

DO 20 J=1,N

JK=NOD (M, J)

IF(IK.GT.JK) GO TO 20

1POS=ID(IK)+JK-IK

VCORE (I1POS)=VCORE(1POS)+EK (14 4)

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE SYMSOL(LL,NLL/NBM,NBX}

AN IN CORE BAND SOLVER.
USE IN CONJUNCTION WITH TOPJILOGICAL SUBROUTINE FOR LARGE BANDWIDTH.

DIMENSION VTEMP(90}

COMMON /BDISC/RVEC{S50},NDVEC(50),JBD(50),0ISP(50)
COMMON /ASOLV/ISTART(30C),N(300),1DUM{300)
COMMON /BSOLV/C(3004+1),v(20001}

DOUBLE PRECISION TEMP

JBOUN=NBM ¢1

- NBP=JBOUN

100
150

20
29

25
16

ID=1

1F(NBM.EQ.0) GO TO 150
DO 10C I=1,NBM
ID=10¢N(T)

CONTINUE

90 10 1=NBP,LL

IFLJBOUNCGT.NBX) JBOUN=NBX

TEMP=V(1D)

NEB=ID+N{1)-1

I01=10+]1

IF(1.EQ.JBD(JBOUN)] GO 1O 16

NORMAL ISE ROW I

‘KK=0

ViiDl=1.0

IF(I01.GT .NEB) GO TO 29
DO 20 J=1C14NED
KK=KK+1

VIEMPIKK) =V J)
V(JY=viy) /TEMP

CONT TNUE

DO 25 L=1,4NLL
ClIoL)=CCI,L}/TENMP

CONT INUE

GO T0O 46

CONTINUE

IF(ID1 .GT .NEB) GO TO 39
KK=0

DO 120 J=ID1,NEB
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KK=KK+1
VTEMP{KK) =V (J)
V(J)=0.0

CONT INUE

D0 125 L=1,NLL
ClI,L)}=DISP(JBOUN)
JBOUN=JBOUN+1

ELIMINATION

CONTINUE

10J=10

TFUIDL.GT.NEB) GO TO 35
KK=0

DO 30 J=1C1,NEB
JI=J-ID1+1

IDJ=1DJI+N(J])

"KK=KK+}

IF(VTEMP(KK])) 50,430,50
CONTINUS

IF(JBOUNLEQ.1) GO TO 240
JBM1=JBOUN-1
IF(I.EQ.JBD(JIBMLY) GO YO 140
10P=4

CO 40 K=IDP,NEB

KJ=IDJ+K-J

VIKJI =V (KJ)=V(K)*®VTEMP (KK )
CONTINUE

NJ=1+J-1D

00 32 L=1,4NLL
CINJsLI=C(NJ,L)=ClI,L)%VTEMP(KK)
CONTINUE

CONTINUE

CONTINUE

ID=ID¢N(T)

'CONVINUE

BACK SUBSTITUTION

10=1D-1
LiMl=tt-1
LL1=LL-NBP

DO 70 1B=1,LL1
IsLLM1-1B+]
10=10-N(1}
1S=1+1
IN=T+N(T1)-1

DO 80 J=IS,IN
NJ=10+J-1

DD 75 L=1,NLL
CUI,L)=ClI,L}=ClJyLI*V(NJ)
CONTINUE
CONTINUE

CONT INUE
RETURN

END

SUBRODUTINE BMDFIX(HW, HO¢NNODE yNBD s NDRyNDRQOy NBH s RW¢NSCREN)
LOCATES NODES WHERE HEAD VALUES ARE PRESCRIBED.

COMMCN /ADISC/X(300,2)4NOD(50043) yNREP(500)
COMMOM /BDISC/RVEC{50)4NDVEC(50),JBD(S0},DISP(50)

COMMON /WSCREN/XSCR(5),HSCR(5)
K=0

NFND=1

00 30 I=1,NSCREN
XST=XSCR{11~-0.01
XEND=XST+HSCR(1)+0.02

DO 40 J=1,NNODE

L=NFND¢J-1

IF(L.EQ.1) GO TO 222
IF(X{Ly1) .GT .RW) GO TO 30
CONTINUE .

IFUIX{Ly2) el ToXST)eORG{X(L,2) <GT.XEND)}) GO TO 70

K=K+1

JBO(K]) =L

DISP(K)=HW

GO T0 40 .
TF(X(L,2).GTXEND) GO TO 30
CONTINUE i

NFND=L+1

CONTINUE

J=K

NBW=J

" NST=NNODE-NDRO+1

25

DO 25 I=NST,NNODE
J=J+l

J8o(J1=1
DISP(J)=HO
CONTINUC

187.
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NBD=J

RETURN

END

SUBROUTINE VCHEC3(M,AK,BK,J1;JZ,JB.NT:PHK.VCR,GRRX,GRRY)

COMPUTES ELEMENT VELOCITIES FOR TRIANGULAR CLEMENT
a : MENTS AND CHECK
A PARTICULAR ELEMENT BELONGS TO DARCY OR NCN-DARCY FLOW ZONE. o

COMMON /BELEM/B(ISO.B)'C(150.3),AREA(150) -
COMMON /VCO%/ORX(SOO).VFL(SOO),H(500).10ARCY!500)
HX=B(NT.1)*H(Jl)+8(NT,2)*H(J21+E(NT:3)‘H(J3)
HY=C(NT'1)*H(J1)0C(NT,2)*H(J2)fC(NT|33*H(J3D
HS= ABS{ SQRT(HX%%2+HYn%2))
GRRX=HX/HS
GRRY=HY/HS
IFCIDARCY (M} .EQ.0) GO TO 20
TEMP=O.S*AK+SQRT(0.25*AK**2+BK*HS)
VEL (M)=HS/TEMP
JF(ABS(VEL{M)).LE.VCR) IDARCY(M}=0
GO TO 30
20 CONTINUE
VEL (M) =PMK%®HS
TF(ABS(VEL(M)).GT.VCR) IDARCY(M)=1
30 CONTINUE
RETURN
END

SUBROUTINE SETARG(AGP.BGP.PHGP.VGP,AKK,BKK,PKK,VCR,l)
IOENTIFIES THE ELEMENT PROPERTIES.

COMMON /CSOLV/VD(2000) 4 HINT( 30041} 4IPROP(500) 4D(3,3)
TF(IPROP(1).EQ.O0) GO TO 20 :
GO TO 10
20 CONTINUE
AKK=AGP
BKK=RGP
PKK=PMGP
VCR=VGP
10 CONTINUE
RETURN
END
SUBROUTINE VDFB(LVEC)

GENERATES VECTOR VDTOP.

DIMENSION D(2,2) . -
COMMON /BDISC/RVEC(50) ,NDVEC(50),JBD(50)DISP(50)
COMMON /ADPARA/TLESS(300) 4HLESS{300}+4GK(300,1),VDTOP(200)
COMMON /ADISC/X(300,2) 4NOD{ 5004 3) ,NREP{500)
COMMON /ASOLV/ISTART{300),NBAND(300),1ID(300)
NELTOP=LVEC-1 E
NN=2
ID(1)=1
00 10 I=2,LVEC
10 I0(I)=10(1-1)+2
LENT=2%LVEC-1
DO 108 I=1,LENT
VDTOP{1)=0.0
108 CONTINUE
DO 208 I1E=1,NELTOP
IN=NDVEC(IE)
I1P=NDVEC(IE+1)
RAVE=0.5* (X{ 1P, 1} #X(IN,y1})
CRDIF=X(1P41)-X({INy1)
D(1,41)=RAVE*RDIF/3.0
D(2,2)=D(1,1)
D(142)=D(1,1)%0.5
Dl241)=D(1,2)
DO 308 1=1,2
IK=1E+(I-1)
DO 408 J=1,2
JK=IE+(J-1)
IF(IK.GT.JK) GO TO 408
IPOS=ID(IK) ¢+ JK~1IK
VOTOPLIPOS)=VDTOPLIPQS)¢D(I,J)
408 CONTINUE
308 CONTYINUE
208 TONTINUE
RETURN
END
SUBROUTINE GVMOD(LACT,SY, IGK])

MODIFIES GROSS VECTOR VK AND GK TO TAKE ACCOUNT OF LEAXAGE FLUX ACROSS TO0P
BOUNDARY.

COMMON /A SOLV/ISTART(300) ,NBAND{300},10(300)

COMMON /B8SOLV/CK{30041),VK(2000}

COMMON 7€ SOLV/YVD(2000) 4 HINT(30041) 41 PROP{500),D1(3,3)
COMMON /RDISC/RVEC( 50) 4 NDVECL 501, JRD(S0) +DISPL5D)

COMMOR 7ADPARA/TLESS(300)HLESS(3004,GK{300,y11,VETOP(200)
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DO 1078 L=1,LACT

IPL=(L-1)%2+}

1P2=1P1+1

IPH=IPL-}

VE1=VOTOP (IP1)*SY

VF2=0.0

VFM=0.0

IF(L.GT.Y) VFM=VDTOP{IPM)*SY
TF(L.LT.LACT) VF2=VDYOP(IP2}%SY
Y=NOVEC(L)

Ji=1

J2=J1

JH=J1

IF(L.LTLLACT) J2=NDVEC(L+1}
IF{L.GT.1) JM=NDVEC(L-1} :
SUM=VFI*HINT (J14 1) ¢ VF2¥HINT(J2,1) +VEM&HINT (JM, 1)
IF(ICK.GT.0) GKIJL,1)=GK(J1,s1)+SUN
IF(IGK.GT.0) GO TO 1078

IS=10(1)

VK{IS)=VK(IS)+VF]

IL=IS+NBAND(1)~1
VKOIL)=VK({IL)}+VF2

CONTINUE

RETURN

END

SUBROUTINE GKMOD(LACT,SY)

HODIFIES GK TO TAKE ACCOUNT DF LEAKAGE FLUX ACROSS TOP BOUNDARY.

COMMCN . /ADPARA/TLESS(300) HLESS(300),GK{300,1},VDTOP(200)
COMMON /BDISC/RVEC(50) 3 NDVECIS50), JBD{501,DISP (50}

COMMON /ALEAK/QLEAK (50) yHCOLD (50) 4 HE (503 s FINT(504,1) GP(40)
DO 1078 L=1,LACT

IPI=(L~-1])%2+1

IP2=1P1+1

IPM=1P1-1

VF1=VDTOP(IP1)*SY

VF2=0.0

VFM=0.0

IF(L.GT.1) VFM=VDTOP(IPM)*SY

TF(L.LT.LACT) VF2=VDTOP(IP21%SY

I=NOVEC(L)

Ji=]
TLM=L

Lp=L

IF(L.LT.LACT) LP=L¢1

TF(L.GT.1) LM=L~1

SUM=VF 1¥QLEAK(L) +VF 2%QUEAK (LP ) 4VFM*QLEAK (LM)

GK{J1y 1)=6K{J1, 1)+SLM

CONTINUE

RETURN _

END '
SUBROUTINE ROEST (DIFFUS,TMsLVEC,QFIX,THIS,R0,NELEM, NNODE,NELTO,
1 ULST,LSTEL,LVST)

ESTIMATES RADIUS OF INFLUENCE AT TIME TM.

COMMON /BDISC/RVEC{50)4NDVECE50),JBD(50),01SP (50}
COMMON /VCOM/CRX{500), VEL(S500)4H{500),IDARCY(500)
FPI=88./7.
CONST=QFIX/(FPI*TMIS)

D0 10 I=LVST,LVEC
U=RVEC(]) #%2/ (4. «DIFFUS*TM)
HWH=W{U)

SDRAW=CONST *wWH
IF{SCRAW.GT.0.001) GO 7O 10
NNODE=NDVEC(I)

RO=RVEC(1)

GO 10 20

CONT INUE

NNODE=NOVEC{LVEC)
RO=RVEC (L VEC)

CONTINUE

LST=NNODE

LVvST=1

D0 3D I=LSTEL,NELTO
IF(ORX(1).LT.RC) GO TO 30
NELEM=I-1

GO TO 40

CONTINUE

NELEM=NEL TO

CONT INUE

LSTEL=NELEM

RETURN

END

SUBROUTINE TIGEN(NT ICRy TFACTR ¢ TMUL ¢DTMUL sRW¢PMySSeIHBC,QFIX,TPAT)

GENERATES DISCRETE TIME VECTOR,TIME.
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COMMON /ATIME/TIME(60
Sweron ! )'SHf60JyDSH(S):QCALC(5)
CUN=22 #RW*62/(T.%QFI X}
TIME(1)=TFACTR
IF{TPAT.EQ.2) GO 7D 15
DO 10 I=2,NTICR
TIMEC D) =T IME (I-1)*THUL
THUL=YMUIL +OT MUL
CONTINUE
GO 10 17
CONT INUE
DO 20 I=2¢NTICRs2
TIME(I)=TIME(I-1)
TIKE(T+1) =2, %T IME(T)
CONTINUE
DO 25 1=2,NTICR
TIME(I)=TIME(I)+TIME(I-1}
CONTINUE
CONTINUE
RR=RW+1.99
CONST=RR*%2%SS/(4,0%PM)
IF(IWBCNE.O)CONST=1000.%CUN*SHST
DO 30 I=1,NTICR
TIME( T)=T IME (1)%CONST
CONT INUE
RETURN
END
FUNCTION W(U)

EVALUATES THEIS WELL FUNCTION.

WC=-0.5T772~ALOG(U)
W=HC

TERM=1

J=1

DO 10 I=1,30

TERM= (TERM*U /1
1F(J.EC.0) GO TO 20
W=W+TERM/ 1

J=0

GO TO 30

CONT INUE
W=W-TERM/ I

J=1

CONTINUE

EPST=ABS {W-HC)
1F(EPSI.LE.0.01) GO TO 40
HC=W

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE VECMULINNODE ,LEN)

PERFORMS MATRIX MULTIPLICATION.
VKD = VK*D

COMMON /ASOLV/ISTART(300),NBAND{300),1D{300)

COMMON /CSOLV/VK(2000),C(300,1),IPROP{500},DUM(3,3)

COMMON /ADPARA/TLESS(300) +HLESS(300)+VKD{30041),vDTOP(200)
t=1

DO 10 I=1,NNODE

IS = ID(I)

IL = IDUID+NBAND(I)-1

VKD(1,41) = 0.0

D0 20 J = IS, IL

K=I+J-15S
VKD(I41)=VKD(I,1)+VK(J)*D{K,L)
CCNTINUE

IF(1.EQ.1) GO TO 40
11 = 1-1
1ST= ISTART(I}

D0 30 J= IST,I11

K = J1- J¢l

1P = ID(J) ¢+ K
VKD(I,1)=VKD({T,1)+VK{1P}&DIJyL]}
CONTINUE :

CONTINUE

CONTINUE

RETURN

END
SUBROUTINE AQDIS (NULEN, QAQFR,QRDIFs DELT, THyRCSNG¢T1Qy QFIX,DHWO)

COMPUTES TOTAL DISCHARGE INTO THE WELL.

COMMON /BD1SC/RVEC(S0),NOVEC(50),JBD(50),DISPI50)
COMMON /ASOLV/ISTART(300} NBAND(300),1D(300)
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COMMON /VCOM/QRX {500}, VEL {500} ,HL500), IDARCY(500)
COMHON /BQCAL/VS{600),QHBL40)

COMMON /ATIME/TIME(60),5H(60),0SW{5) 4QCALC(S)
QSUM=0.0

THPI=44./17.

CALL QMULT(NLEN, QSUM)

QSUM=ABS{ THPT#0SUM) /{0.S*DELT)

QAQFR=QSUM

ACSNG=0.5*THPI #RCSNG**2
TRM=ABSIACSNG*DWD®2 . /DELT)
QCALX=QAQFR+TRM %10, %% 3

QRDIF=ABS(QF IX~QCAL X}

QCALC(IQ)=QCALX

RETURN

END

SUBRIUTINE QMULT{NBW,QSUM)

COMPUTES NODAL FLUXES AT WELL BOUNDARY.

COMMDN /ALEAK/QLEAK({50) sHCOLD(50) yHF (50}, FINT(50,1} +GP(40)
COMMON /ASOLV/ISTART(300),NBAND(300},10(300)
COMMON /BCCAL/VKQI600), QHBL{40 ) :
COMMON /BDISC/RVEC(50),NOVEC(50),JBD(50),DISP(50
COMMON /VCOM/ORX(500) 4 VEL({500),H{500),I1DARCY(500)
DD 10 L=1,NBHW

I=JBD(L}

IS = 1D(1)

IL = ID(I)+NBAND(T)=~1

QWBIL)=0.0

DO 20 J = IS, IL

K=14J-15S

QWBIL)=QWBIL ) +VKQ{J J*H(K)

CONTINUE

IF(I.EQ.1) GO TO 15

11 = I1-1

IST= ISTART{I)

DO 3¢ J= IST,I1

K ‘= T1- J¢l

IP = ID(J) + K

QWBIL)=QWBIL ) ¢VKQ(IPI*H(J)

CONTINUE

CONTINUE

QWBIL }=QWBIL)-GP(L)

QSUM=QSUM+QWBIL)

CONTINUE

RETURN

END

SUBRGUTINE FQFLUX{NBM,NNODE}
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MODIFIES MATRIX CK BY ACDING THE FLUX TERMS AT WELL BOUNDARY.

COMMON /BSOLV/CK(300+11,VK12000)
COMMON /ASOLV/ISTART(300)4NBAND{300},ID(300)

MODIFY MATRIX CK BY ADDING THE FLUX AT THE WELL- BOUNDARY

IF(NBM.EQ.0) GO TO 20
NBP=NBM+1

DO 10 I1=NBP, NNODE
IST=ISTARTI(I)

IF(1ST.GT.NBM) GO TO 10

Il=I-1 '

DO 30 J=1ST,NBM

K=T11-J+1

1P=1G{J) +K
CKUT511=CK{TsLI-VK(IPI%CK(Jy1)
CONT INUE

CONTINUE

CONT INUE _ .
RETURN

END

SUBROUTINE SWMOD (1Q351TsRCSNG, DLTA, QF IX; QAQFR, SWOLD, DSOL D, TPAT,FQ)

ADJUSTS THE VALUE OF WELL DRAWDOWN.

MON FATIME/TIMEL601,SH{60)DSHIS5)+QCALCI5)
Eg:ngn ;&LEEK/QLE&K{SOIgHCﬂLD{SOi-HF(SGI:FINT(50011|GP(401
DELT=DLTA/10.#%%3
ACSMNG=22,0*RCSNG**2/T.0
IF{IQ2.NE.1) GO TO 15
IFLACSNG.GT.C.0) GO TO 35
IF({IT.GT.5) GO TO 10
NSKI{§Q)=-DSOLD
GH TO 20
CONTINUE
IF{17.6T.5) GO TO 10
QRATIO=QACFR/QFIX
1F(ADS(QRATIO).GE.O.B6) GO TD 10
THMM=TIMGL ITI-0.5"OLTA .
FACTR=0.5*DELT/ACSNG
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QDEL=QF [IX-QAQFR*0.95+TIME(IT) /THH
IF(ABS(QRATIO}.GE.0.5) GDEL=QFIX-QAQFR
DSWITQ)=FACTR*QDEL
DSHITQ1=-DSW(iQ)}

GO TU 20

. 10 CONTINUE

TOLD=TIME(IT~2)
ARGLL={TIME(IT)-0.5%DLTA)/TOLD
ARGLZ=TIME(IT~1}/TOLD
TLOG=ALOG(ARGL 1) /AL OGLARGLZ)
DSWITQI=(SW{IT-1)=SW(IT-2))%{1.~TLOG}
DSW{IQ)=-DSW(IQ)
IF(DSW(IQ).GY.0.) DSHIIQ)=0.0
GO 1O 20

15 CONTINUE
IF(IQ.GT.2) GO TO 25
IFITPAT.EQ.2) GO TO 62
DSK{121=DSW( IQ-1 1*QFIX/QCALCIIQ-1) -
TFCACSNG.LE.O.) DSW{IQ)}=SH{IT )*QFIX/QCALC{IQ~1)~SKOLD
GO TO 20

62 CONTINUE
IF((ACSNG.LE.O.} AND.!FQ LT.0.}) GO TO 40
DSH{TQ)=DSWI 1)=QFIX/QCALC(L)
GO 1O 20

40 CONTINUE
SHCOR=SW(IT)-FQ*(QCALC{1}-QFIX)}/QFIX
DSKR{IQ)=SHCOR-SWOLD
GO YO 20

25 CONTINUE
DDSW=DSW{ IQ-1)-DSWL IQ-2])
TERM1=QFI X-QCALC{IQ-1)
TERM2=QCALC{1Q-1)-QCALCIIQ-2)
DQR=TERML/TERM2
DSH{IQ)}=DSHI 1Q-1}+DDSH*DAR

20 CONY INUE
SWIIT}=DSW{IQ)+SWOLD
DSOLD=-DSHIIQ)
RETURN
END
SUBROUTINE RCUT(NNODE)

PRINTS OUT NODAL VALUES.

COMKON /ADISC/X(300+2),NOD{500,3) {NREP{ 500}
COMMON /VCOM/ORX(500), VEL{500)+H{500), IDARCYI500}
COMMON /ADPARA/TLESS(300) +HLESS{300},VKD{300,1),VvDTOP(200}
DATA NPRINT/3/
WRITE(NPRINT53)

53 FORMATU//77)
HRITE(NPRINT,3)
WRITE (NPRINT 4131}
WRITE(NPRINT, 23}
WRITE{NPRINT,13)
WRITE (NPRINT,3)

3 FORMAT(5Xs50('%*})

13 FORMAT (SX, %", 48X, 1 %)

23 FORMAT(5X,"'%%',11X,*FINAL RESULTS OF ANALYSIS",12X,"%'}
HRITE(NPRINT 433)
DO 10 I=1,.NNOCCE
HRITE(NPRINT 4431 14X (I 21,HUI),TLESS(I),HLESSIT]}

10 CONTINUE

33 FORMATU(///+20X,*HEAD .VS. RADIUS AND 1/U .VS. WIUY' 4/ //,
1 10X "NODE® 3 10X, "R~CODRD " y LOXs *HEADY 3 14X, *1/U% 419X,
LYWL 4/7)

43 FORMAT(10X,13,6XsF10.2¢8XsF10.4+TXyELL.4+10X,F10.4)
RETURN
END
SUBROUTINE HPUNCH{NNODE,LsINDEX]

PUNCHES OUT NODAL VALUES AT FINAL TIME.

COMMON /W ORKA/VAORK{5001]

COMMON /ALEAK/QLEAK (50)4HCOLD{50), HF(SO),FINT(501II'GP(401

COMMON vaUWIUmI(SOOl.VEL(JGOl.HtSODI:IDARCYISDD!

DO 15 [=1,NNODE

IF{INDEX.EQ. ) VWORKII M=H(I)

IF(INDEX.EQ.2) VWORK(I)}=QLEAK(I)
15 CONTINUE

NCARD=HMNODE/6

NCARDT=NCARD+2

HRITE(3,23)NCARDT
23 FORMAT(///,10%,* TOTAL NUMBER OF PUNCHED CARDS =%, 110}

WRITE{L, 3INNODE
3 FORMAT(I10)

I15T=1

DO 10 J=1,NCARD

-TEND=IST+5

WRITE(L L3V {VWORK(I )4 I=1ST, IEND)
13 FORMAT(6GE 13.4})

IST=1END+1
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CONTINUE
NREM=NNDDE-NCARD*6

TTENDSTST+NREM-1

WRITE(L,y 13)(VWORKLI }4I=1ST,IEND}

RETURN

END

SUBRDUTINE BSIMP(NNODE, THyDINDEX, SY, DELT 1T ITHIN)

EVALUATES BOULTON'S CONVOLUTIONAL INTEGRAL DY SIMPSON'S 1/3 RULE.

DTHENSION FNI(3)

COMMDN FATIME/TIME(60) 1 SHI60) 4DSHIS5) 3QCALCLS)

COMMON /VCOM/ORX (500) 4 VEL1500) ,HOUM{ 500} 4 I DARCY {500 )
COMMON f&LEAKIQLEAKISOIgHCDLD{SOJ.H(50).HINT(SO,1},GP[40}

DOUBLE PRECISION DEXP;ARGU,FN,QCUNT
WRITE(3,3)

3 FORMAT(// /420X, *LEAKAGE NODAL FLUX',///,10X,'NODE NO. %,

1

20

- 40

20Xy PFLUX VALUE®,//)
ITH=]T-1
IF(ITM.EQ.O0) GO TO S
TH=TIME(ITHM)
TOLD=(TIME(IT)+TIME(ITH))*0.5
GO TO 15
TH=0.0
TOLD=D.5*TIME(IT) .
THM=(TIME(IT)«TIME( IT#1}}1%0.5

DO 20 IT=1,3
TC=THeDELT#{IT-11*%0.5
ARGU==(THM-TCI*DINDEX
FROIT)}=DEXP({ARGU)

CONTINUE

ARGU=~DINDEX%{ TMM-TOLD}

DO 30 I=1,NNODE
IF(IT.GT.ITMIN) GO TO 40
Ti=2.%FN(1)*(HINT{I,1}-HCOLD(I})
T2=24.2FN( 2% (H( T )-HCOLD(1))
T3=2.%FN{3) % (K(I)-HINT(1,1})
Do =T1+T2+73

GO TO 50

CONTINUE

- bQ S(HOTI-HINTUIs L) D#{FN(L) +4.%FN{2)+FN(3} ]

13
30

10

15
20

13

CONTINUE

DQ=-DQ
QCUNT=QLEAK{1)*DEXP {ARGU}
OLEAK(T)=QCUNT+DQ
IF(DINDEX.LE.O.) QLEAKII)=DQ
HRITE(3,12)}1,QLEAK(T]}

FORMAT (10X415:20X%X,E13.3)
CONTINUE

RETURN

END -

SUBROUTINE FQSET(IT,ITCUR,DELT,FQ,TPAT)

SETS DRAWDOWN FUNCTION FOR DISCHARGE ITERATION.

COMMON /ATIME/TIME(60), SH(60),DSH(5),QCALC(5]
IF(TPAT.EQ.L) GO TO 20

IF(IT.GE.3) GO TO 10

TF((IT.FQ.1) LANDL.(ITCURGTLIT}) FQ=SHIIT)
GO TO 20

CONTINUE

PO 15 I=1.1T

HDLTA=0.499%DELT

IFIHDLTA.GT.TIME(I)) GO TO 15

FQ=SH(I1)

GO TO 20

CONTINUE

CONTINUE

RETURN L

END

SUBROUTINE HREAD{NNODE,Ly INDEX}

READS TN NODAL YALUES AT STARTING TINE.

COHMMON lVCBHIDRXESOOl.vELKSOG!.HISDOI'IDARCY(SOOI
M WORK A/ VAORK (500)

Eg:H3: ;ALEnﬂ/oLEhK(50}.HCULO(SO).HF(SG!.FIHT(SO:I),GPlﬁOi

READ(L +3)NNODE

FORMAT(110)

NCARD=NNODE/6

NCARGT=NC ARD#1

[sT=1

DD 10 J=1,NCARD

IEND=IST+S

READ(Ls 13 )(VWORK{ I} I=1SToIEND)

FORMAT (6E13.4)

IST=1END+1
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10 CONTINUE
NREM=NNODE-NCARD*6
TEND=IST+¢NRFM-1
READIL s 13 ){VWORK{I}4I=1S8T, 1END)
DO 15 T=1,NNODE
ITFOINDEX.EQ. 1) HII)=VHORK(I)
TFOINDEX.£Qa2) QLEAK(I)=VWOPK (1}
15 CONTINUE
RETURN
END
FUNCTION HPW(U,RM,;SCLEN,TH)

COMPUTES HANTUSH WELL FUNCTION FOR PARTIALLY PENETRATING WELLS.

DOUBLE PRECISION Uy HHF, DSUM, SUM
DIF=TH~SCLEN
PI=22./7.
PISG=Pl %2
FACTR=2.*TH*TH/{ PISQ*SCLEN*%2}
SUM=0.0
DO 30 I=1,50
APSI=3.14%T%RM
ARGU=T%*3.14%DIF/TH
TERM=STIN(ARGU ) #%2/ T#%2
DSUM=TERM*HWF {Us APST)
SUM=SUM+D SUM
IF{(T1.6T215) .AND.{SUM.LT.1.D-10}) GO TO 40
IF{SUM.LT.1.0-20) GO TO 30
SR=DSUM/SUM
STOL=ABS(SR)
IF(STOL.LT.0.0001) GO TO 40

30 CONTINUE

40 CONTIYNUE
ux=u
SUM=SUM*F ACTR+H{UX)
HPH=5UHM
RETURN
END
FUNCTION HJW(U:RB,Y]}

EVALUATES INTEGRAND EXPRESSION OF HANTUSH WELL FUNC TTON. .

DOUBLE PRECISION U, FyDEXP,HJH,TERM
TERM=~Y-RB%*%2/(4o%Y ) '
F=DEXP(TERM) /Y -
HIE . L £ .
RETURN

END

FUNCTION HWF{U,APSI)

EVALUATES HANfUSH FUNCTION BY SIMSON'S 3-POINT FORMULA.

DOUBLE PRECISTON HOWqUy HAFy DSUMySUM, DHL1DH2,DH34DABS, DY 4HUW
THUL=1.4
Yi=u
SUM=0.0
DO 30 1=1,50
Y3=Y1%THUL
Y2=(V14Y3)/2.
DY=Y3-Y1
DWI=HIH{UsAPST,Y1)
DH2=HJIW (U, APST, Y2}
DH3=HJIW (U AP ST Y3}
DSUM=DY %{ DWL +4 . ¥DW2+DH3}/ 6.
SUM=SUM+DSUM
Y1zv3
IF((1.GT.15) .AND.(SUM.LT.1.D-101) GO TO 40
IF(SUM.LT.1.D-20) GO TO 30
SR=DSUM/SUM
STOL=ABS{SR)
1F(STOL.LY.0.0001) GO TO 40
30 CONTINUE

.40 CONTINUE

HYF=SUM
RETURN

ND
gUBROUTINE DSWINT{DSOLDsBKy QF[X.TMIS;TH,RH.SCLEN,DIFFUS.CU“STI

ESTIMATES WELL DRAWDOWN FOR FIRST TIME STEP.

COMMON /ATIME/TIME{60), SW(60),DSK(601,QCALLIS)
DOUBLE PRECISTON UM

DLAMDA= BK*QFIX*THlSltTH*TH‘RHl

DLAMDA=T. *DL AMDA f44% .

RM=RW/TH

GAMMA=SCLEN/TiH+0.01

CONS=4.0*DIFFUS*0. 5¢«TIME{1)

Ub=CONS/RWH*2

V=UH

UW=1./UN
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U=UW

TERMz0425*DL AMDA® (ALDOG(V)~3.0}

HWH=H(U)

IF{GAMMALLT. 1.} WH=HPW{UW,RM, SCLEN, TH)
PSOLD=WW+1.54DLAMOA +TERM
1F(U.GT.0.1E-01) DSOLD=WW
pSOLD=DSOLD*CUNST

RETURN

END
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4.5 LISTING OF STCOND
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DEVELOPED BY P.S. HUYAKORN.

STCOND, PROGRAM FOR SOLVING STEADY, TWO-DIMENSIONAL,DARCY DR THO-REGIME FLOW

USING RECTANGULAR ELEMENTS JR A COMBINATION OF RECTANGULAR AND TRIANGUL AR

ELEMENTS.

VERSION DATED OCTOBER, 1973.

FOR FURTHER INFORMATION,CONTACT

P.S. HUYAKORN OR C.R. DUDGEON

WATER RESEARCH L ABORATORY

KING ST.,MANLY VALE

SYDNEYsN.S.W. 2093, AUSTRALIA.

LIST DF INPUT VARIABLES

ALL READ STATEHéﬂTS ARE LOCATED IN THE MAIN

&
#

L LGLLL LR EL LRl et e e e Rata Ta e R Ra kot R ke Raka N a Rk a s Ka R e Ra KAk s Ra KXo R o R a Ra R o Ko R N N o R W Ko W o o L R e R o e Rl o e Ra i)

—PROGKRAM AND INDICATED BY $1 OR $1,5K SIGN~-

PROBLEM VARIABLES . #%x

NPROB =
IVEL =
IDISCR =
ORELAX =
RH =
RO =
HO =
HTOL =
NLAYR =
1GP =
TKMAY =
1AQTA =
THL(I) =
AKL(I) =
BKL(I) =
VCRL(I) =
AGP =
BGP =
vGP =
THGP -
BTGP =
PA - =
THA =
HH =

NUMBER OF PROBLEMS TO BE SOLVED

VELOCITY PRINT-0OUT INDEX

FEED IN IVEL=0 IF VELOCITY PRINT-0UT IS NOT REQUIRED OTHERWISE
FEED IN IVEL=1

DISCRETISATION DATA PRINT-0UT INDEX

FEED IN IDISCR=0 IF DISCRETISATION PRINT-OUY IS NOT REQUIRED
OTHERWISE FEED IN IDISCR=1

OVER—-REL AXATION FACTOR FOR NON-LINEAR HEAD ITERATION
SUGGESTED VALUE LIES BETWEEN 1.5 AND 1.85

RADIUS OF KWELL SCREEN.

EXTERNAL RADIUS IR RADIUS OF INFLUENCE

HEIGHT OR DRAWDDWN OF WATER TABLE AT THE EXTERNAL RADIUS

HEAD TOL ERANCE FOR NON-LINEAR TTERATION ON HEAD VALUES
SUGGESTED VALUE IS5 0.10 DR A FEW PERCENT OF HO-HW

NUMBER OF LAYERS OF WATER BEARING FORMATIONS

FEED IN NLAYR=1 WHEN DEALING HITH AQUIFER-AQUITARD SYSTEM WITH
TOP AQUITARD UNMCONFINED(HANTUSH-JACOB SYSTEM) '

GRAVEL PACK TINDEX,IGP=1 FOR GRAVEL PACKED WELL,

IGP=0 FOR NON-GRAVEL PACKED WELL

LAYER OF MAXIMUM PERMEABILITY OR MINTHMUM VALUE OF AKLI(I)
AQUITARD INDEX. FEED IN ITAQTA = 1 WHEN DEALING WITH AN
AQUIFER—AQUITARD SYSTEM WITH OVERLYING AQUITARD UNCONFINED
OTHERWISE FEED IN TAQTA = 0 :

THICKNESS OF LAYER NUMBER 1

FORCHHEIMER LINEAR HYDRAULIC COEFFICIENT OF AQUIFER DR AQUITARD
LAYER 1

FOR AQUITARD I,FEED IN AKL({I)=Ll./PHML(I) WHERE PML(I) IS ITS
HYDRAULIC CONDUCTIVITY

FORCHHEIMER NON-LINEAR COEFFICIENT OF AQUIFER LAYER I

FOR AQUITARD I,FEED IN BKL{I)=0.0

CRITICAL VELCCITY OF AQUIFER LAYER [

FOR AQUITARD IFEED IMN VCRL{I}=0.0

L INEAR HYDRAULIC COEFFICIENT OF GRAVEL PACK MATERIAL )
NON-L INEAR HYDRAULIC COEFFICIENT OF GRAVEL PACK MATERIAL
CRITICAL FLOW VELOCITY OF GRAVEL PACK MATERIAL

THICKNESS OF GRAVEL PACK .

HEIGHT OF THE BASE OF GRAVEL PACK

. COEFFICIENT OF PERMEABILITY OF OVERLYING AQUITARD

THICKNESS OF OVEILYING AQUITARD
HEIGHT OF WATER LEVEL IN THE WELL OR WELL DRAWDOWN

DISCRETISATION PARAMETERS &%

FRLEN =
SCFAC =
XLMAX =
NDSC =
NSCREN =

CIREGL{I)=

-1

NMINL{T )=

LENGTH OF FIRST SUBREGION
SUGGESTED VALUC IS FRLEN=RH
FOR GRAVEL PACKED WELL,FRLEN RUST NOT EXCEED THICKNESS OF PACK
SCALY FACTOR TO BE USED IN COMPUTING THE LENGTHS OF REMAINING
SUBREGIONS. SUGGESTED VALUC IS SCFAC=1.50
MAX IMUM BLUCK LENGTHsPRESCRIBED TO AVOlD ILL-CONDITIONED
ELEMENTS
TOTAL NUMBER OF NODES ON WELL SCREEN(S)
NDSC IS TO 8F GREATER THAN NR EQUAL TO 2

CRCCNED INTERVALS
332252 gi gEPEAIED KEGULAR RLDCKS WITH THE SAME NUMBER OF NODES
ON THE LEFT AND RIGHT VERTICAL LINES ACROSS LAYER 1

SUGGESTED VALUE IS JREG=2 ;
MINIMUM NUMBER (OF NODES ALONG A VERTICAL LINE ACROSS LAYER 1.



SO0 0n000

198,

TO MINIMISE THC TOTAL NUMBER OF NODES,SUGGEST NMIk=2

NUMBER OF NDDES ON PORTION OF WELL BOUNDARY PENETRA I1FE
OR AQUITARD LAYER I TRATING AeuTrER

NFRL(T)} =

 XSCR{T) = I-COORDINATE OF BASE OF SCREEN I ABOVE DATUM
HSCRII) = LENGTH OF SCREENED INTERVAL 1 ’

OOCOMAMOOO000ONON0DANDDON000000

o000

o0n

LIST OF OUTPUT VARIABLES

NNODE = TOTAL NUMBER OF NIDES IN THE FINITE ELEMENT NETHORK

NELEM = TOTAL NUHBER OF FLEMENTS IN THE METWORK

X = RADIAL AND VERTICAL NODAL COORDINATES

H = NODAL HEAD OR DRAWOOWN VALUES

TLESS = NODAL VALUES OF DIMENSIONLESS RADIUS,L/U

HLESS = NODAL VALUES OF WELL FUNCTION FOR STEDY FLOW(W(U)

QWb = NODAL FLUXES AT WELL BOUNDARY

Qs5uM = TOTAL WELL DISCHARGE

NOD = HNODE CONNECTIONS JF ELEMENTS IN THE FINITE ELEMENT NETHORK
VEL = ADBSOLUTE ECLEMENT VELOCITIES

VCOMP1 = RADIAL COMPONENT OF CLEMENT VELOCITY

VCOMP2 = VERTICAL COMPONENT OF ELEMENT VELOCITY

IDARCY = 1INDEX TO INDICATE IF A PARTICULAR ELEHENT BELDNGS TO DARCY

OR NON-DARCY ZDNE, IDARCY=0 FOR ELEMENTS IN THE DARCY ZONE,
IDARCY=1 FOR ELEMENTS IN THE NON-DARCY ZONE

COMMON /WSCREN/XSCR(S514HSCR(5]

COMMON /ALAYR/AKL(3),BKLI3),VCRLE3),SSLI3)},THLI3),IREGL{(3),
INMINL(3 ) NFRL(3),PML(3)

COMMON /ADISC/X(300,2),NOD(20046) 4NREP(200),ITYPE(200]
COMMON /BDJI SC/RVECI50) +NOVEC{50), JBD(50),DISP(50}

COMMON /AELEM/BA(150),SLX(150,6)sSLY(150,6) +SELK(646) +EKI646)
COMMON /BELEM/E(6464+3)9FlH4643)4DSHFZI2461)

COMMON /CELEM/CLK(3,3,150),B(150,3),C(150,3),AREA(150)
COMMON /ASOLV/ISTART{300},HBANDI300},ICI300}

COMMON /BSOLV/CK{300,1),VK(20601

COMMON /CSOLV/VDI(2000) 4 HINT( 300,11} ,IPROP(200)

COMMON /VCOM/ORX(200), VEL{200),H{300)+IDARCY{200},4D164+6)
COMMON /ALEAK/QLEAK(50)yHCOLD(50) 4HF {50} FINT{5041}),GP(40}
COMMGN /BQCAL/VS(600)+QWBI40)

COMMON /ADPARA/TLESS(300) 4HLESS(300)(GK(300,1),VDTOP({200}
DOUBLE PRECISION DE XP, ARGU

DATA NREADyNPRINT/1,3/

PRINT INITIAL HEADINGS

WRITE(NPRINT 1773}

1773 FORMAT('1')

WRITE(NPRINT,1003}
HWRITE(NPRINT,1013}
WRITE(NPRINT, 1023)
WRITE{NPRINT,1013)
HRITE(NPRINT41033}
WRITE{NPRINT, 1013}
WRITE{NPRINT,1G03)

1003 FORMAT{5X,;51H *t#*#t!tttttttt*t*t#*#tt*#*#tw#t###t*t*ttt*tt*t**t)
1013 FORMAT(5X,S51H %= *®)
1023 FORMAT(5X+51H ¥ FINITE ELEMENT ANALYSIS OF WELL PROBLEMS *)
1033 FORMAT {b6X,'* STEADY s THO REGIME FLOW TOWAFRD A SINGLE HWELL %')

1011

READ(NREAD, 1011 }NPROBy IVEL+IDISCRyORELAX $1
FORMAT (31104 F10.2)

DO 4800 JPRI=1,HPROB

WRITE{NPRINT ,90031J PRO

9003 FORMAT(///7420Xs500% %)/, 20Xy *#* 413X, *PROBLEM NUMBER =%y

2001
111

23

1 165 12Xe Y %4y /420X, 5007 %))

READ AND PRINT GENERAL DATA.

READ{NREAD, 2001 )Ry ROs HOy HTOL $HLAYR $1
FORMAT (4F 10. 24110} .
READ(NREADy 1 1111GPy TKMAX, IAQTA :

FORMAT (3110)
IF{IAQTA.GT.0) NLAYR=1
WRITE (NPRINT,23) Ridy RO4HO L ORELAXHTOL
WRITC {NPRINT,19311GP,1AQTA , IKMAX
FORMAT(// /920X, *GENERAL INPUT DATA Y / /s

1 10X, *RADIUS OF HWELL =¥y FlL0.2¢ /74



10X ¢ *RADIUS OF IMFLUENCE =5 4F10.24//

10Xy *HEIGHT OF WATER TABLE =ty Fl0e24//
10Xy *CVER-RELAXATION FACTOR =t 4yF10.34/7,
. 10X, *PRESCRIBED HEAD TOLERANCE =',F10.3)
1931FORHAT(//'IOX"GRAVEL PACK TNDEX =t,[5,//,

NS W

LOX¢ 'Y AQULITARD INDEX =V 415477/,

¢ 3 10Xy *LAYLR OF MAX PERMEABILITY =',15}
c READ MATERIAL DATA.

c

WRITE (NPRINT ,6013)
6013 FORMAT(///410%,  FORMATION PROPERTIES®,//,
1 10Xy "LAYER NO. %3 5X, % THICKNE SS* 45Xy 'COEFFo—AY
2 5X st COEFFa=B' 45X, *CRITe VELOCTTY',//)
DO 17 1=1,NLAYR
READINREAD; 30131 THL (1), AKL(T) 4BKLIT},VCRLAT)
3013 FORMAT(4F10.3)
GCR=AKL{ I )*VCRLUT )+ BKL (1) #VCRL (] ) #%2
PMLIT J=1. /AKL(T) -
TF(GCRGT 0.1 PML(I}=VCRL(I)/GCR
WRITE(NPRINT 7013} T,THLIT}yAKL(I) 4BKL(I};VCRL{I}
7013 FORMAT (10X;1549Xs €942, 3(5XsE9.2))
17 CONTINUE
RGP=RNW
TH=THL ( TKMAX)
PM=PML{IKHMAX)
BK=BKL ( TKMAX )
BKMAX=BK
IF(IGPLEQ.0) GO TO 29 :
READ(NREADy 331 1AGP; BGP, VGP, THGP 4B TGP
331 FORMAT(5F10.3)
RGP =THGP+RW
GRGP=AGP*VGP+BGP*VGP*%2
PMGP=1./AGP
IFIGRGP.NE.O) PMGP=VGP/GRGP
: WRITE (NPRINT,153)AGP,BGP, VGP PMGP
153 FORMAT(///,2CX: *GRAVEL PACK PROPERTIES'///
10X, "COEFFICIENT A =',F10.4//
10Xy 'COEFFICIENT B8 = ', F10.4/7/
10Xy *CRITICAL VELOCITY = *,F10.4//
10X; FCOEFFICIENT K = '4F10.4)
WRITE (NPRINT ;163 )RGP, BTGP :
163 FORMAT(10X, *RADIUS OF GRAVEL PACK =*,F10.24//,
1 10Xs 'HEIGHT OF GRAVEL PACK BASE =',F10.2y//)
29 CONTINUE

HWN -

READ AQUITARD DATA.

[2X 2 Ko}

IF(IAQTA.EQ.0) GO TO 39
READ(NREAD,71)PA,THA
71 FORMAT(Z2F10.3)
BFAC=PA/THA
WRITE(NPRINT 2731PA,THA
273 FORMAT(///420X,*AQUITARD PROPERTIES®///y
1 10Xy *HYDRAUL IC CIONOUCTIVITY =4 4F10.5//
: 10X, ' THICKNESS =4,F10.2)
39 CONTINUE :
RCAD{NREAD,2021) He
2021 FORMAT(FL10.2)}

READ AND PRINT DISCRETIZATION DATA.

(2 XX 2}

READ(NREAD, 901 )FRLEN, SCFAC XL MAX
901 FORMAT(3F10.2)
READ(NREAD, BOLINDSC 4NSCREN
8601 FORMAT(2I110}
IPENTR=0
DO 602 I=14NLAYR :
READ(NREAD, 1901} IREGL (I I, NRINL{I) sNFRLL I
1901 FORMAT {3110}
602 CONTINUE

READ WELL SCREEN DATA

con

WRITE(NPRINT,553)

199.

KNLAYR %%
$1

1%

$1+SK

$1,5K

$1

$1
s
ANLAYR*%
$1
/¥

$53 FORMAT(//,10X, 'SCREEN NC.*4 10X, 'BASE HEIGHT® 414Xy *LENGTH" 4/ /)

SCLEN=0.0
DO 702 1=1,NSCREN
READ(NREAD, 601} XSCR{T),HSCRIT )

601 FORMAT(2F10.2)
SCLEN=SCLEN+HSCRIT)
HRITE(NPRINT (56311, XSCR{I},HSCRIT}

563 FORMAT(12Xy16¢13XsF11.2+8X¢F10.2)

T02 CONTINUE

GENERATE AND PRINT DISCRETIZATION DATA.

B 2KgXe)

CALL GXNODR(FRLENySCFAC s XLMAX ¢ RNyRO¢ NNODE Y
1 IDISCR)

*NSCREN®
$1

/%

NELEMyLVECy NLAYRy IPENTR,



200.
C MODIFY IPROP.

DO 1544 I=1,NELEM
J1=NAD (T, 1)
J2=NODU T, 2)
XCEN=(X(JL,1 1 4X( 251} 120.5 : -
TE(XCEN.GY.RGP} GO TO 1545 veEN = (% (41,2) + x (J2,2))*05
L - F(YCEN.GV.BTGP) IPROP(I)= O

HYDP. AY= Hrl-HO
HODRAW=0.0
NDW=KDVEC (1}
NORO=NDVEC(LVEC}-NDVEC(LVIC-1)
CALL BMDF IX(HW y HOy NNODE s NGD,NDW,NDRO yNBH ¢ NSCREN, RH}
HRITE(NPRINT;203)
203 FORMAT(///+10%, "PRESCRIBED NODE DATA®,//,
1 10Xy *NODE® 46X, "PRESCRIBED HEAD VALUE®,//)
‘DD 200 I=1,NBD
WRITE(NPRINT 4 213)JBDIT)DISP(I)
213 FORMAT(8X415+8X:FL0«3)
200 CONTINUE
IF(TAQTA.EQ.0) GO TO 166
CALL VDFB(LVEC)
DO 176 I=1,NNODE
HIRT(141)=0.0
176 CONTINUE
166 CONTINUE

FIND BANDWIDTHS ETC.

[sXaXe

CALL EBFINRULENy NEL EM; NNyNNJDE)
HARITE{NPRINT:233)LEN :

233 FORMAT (///, 10X, *LENGTH OF GR3ISS VECTOR =',18}
DO 130 I=1,LEN
vD(11=0.0

130 CONTINUE
KNP =0
NT=0
SC=3,
DO 135 TE=14NELEM
NN=TTYPE({IE)
IF{IPROP(IE) .NE.O} L=IPROPIIE)
IF(NN.EQ.3) GO TO 235
CALL ELGNDRUNT,SC,IE,DET4NNP)
GO 70 335

- 235 CONTINUE .
CALL ELGND3{NT,SC,IE}

335 CONVINUE
CALL MERBD{NN,IE}

135 CONTINUE

c
c SET IDARCY
c
DO 99 T=1,NELEM
IDARCY{1)=0
99 CONTINUE
c .
c SET UP LOOP FOR ITERATION ON HEAD
C .

HRITE(NPRINT, 1583} HW ,
RMAT (/7 74 10Xy 40(* %% )
15831F0 ok '1ox:-*-,3x.:P§ESCRIBED WELL DRHADOMN =% FBa24'€%,/,

2 10X 400 %))

NITER=10

IF{BKMAX.LE.0.0} NITER=1

NCOUNT =0

EMAX=0.0

DO 999 I11=1,NITER

INITIALISE VECTOR CKe

[ XaXs

DO 305 I=1,NNODE
: CK{1,1)=0.0
305 CONTINUE

FORM VECTOR VK

[zNeXg

D0 300 I=1,LEN
VK{1}=0.0

300 CONTINUE

- NT=0

NDIFF=2
CALL INFLUCUNNGNDIFF)
DO 350 I=1,NELCM
NN=1TYPEL L)
IF(IPROP(1}.EQ.0) GO TO 755
L=1PROP(I}
AKK=AKLA(L)
BKK=BKL(L])



[zRa¥el

OO0

755

365

465

565
350

86

98
378

460

- 450

900

950
1999

399

499
199
999
1000

. 413

433

201.

PKK=PML (L.}

G0 Y0 365

CONTINUE

AKK=AGP

BKK=BGP

PRK=PMGP

CONTINUE -

IF(NN.EQ.3) GO TO 465

CALL ELGNCROIZITIqAKKyBKKyNT, PKK)
GO TO 565

CONTINUE

NT=NREP(I}

CALL ELGNCT(I,111,AKKsBKKsNT, VCOUNT, PKK)
CONT INUE

CALLL MERB3(NNyI1)

CONTINUE

RDD LEAKAGE TERM CONTRIBUTED BY OVERLYING AQUITARD

IF(IAQTA.EQ.O0) GO TO 86
BFL=BFAC

CALL GVMOD(LVEC,BFL,0)
CONTINUE

NLEN=0

JJ=IBDINBW} ' -
DO S8 I=l4J4
NLEN=NLEN+NBAND(T)
CONTINUE :

DO 378 I=1,NLEN
VS{1)=VK(I)

SOLVE EQNS BY BANDED ELIHINATION SCHEME

NLL=1
CALL SYMSOL {NNODE,NLL)

IF(IT1T1.EQ.1} GO TO 900
NCOUNT =0
EMAR=0.0
DO 450 1I=1,NNODE
EPSI=CK(I,1)~H(I)
TF(ABS(EPSI) .GT.EMAX) EMAX=ABS(EPSI)
TF(ABS(EPSI).LE.HTOL) GO TO 460
NCOUNT =NCOUNT +1
HOI )=H{1) ¢ORELAX*EPSI
GO TO 450
CONTINUE
H{I)=CK(I,1)
CONT INUE
IF(NCOUNT.EQ.0) GO TO 1000
GO TO 1999
CONT INUE
DO 950 I=1,NNODE
H(I1=CK(I,1}
CONT INUE
CONTINUE
IFINITER.EQ. 1)} GO TO 999
D0 199 I=1,NELEM
NT=NREP(1)
NN=1TYPE(T)
IF(IPROP(I1.EQ.0) L=1 _
IF(IPROP(I).NE.O) L=1PROP(I)
AK=AKL (L)
BK=BKL (L)
PHMK=PML(L)
CR=VCRL(L}
gﬁLL SETARG(AGP, BGP s PMGP, VGPy AKyBK PMKy VCRy 13
FINN.EQ.3) GO TO 399
éALL VCHECR( I4AKyBK yNT 5 PHK;VCRyGRRX s GRRY ¢ NN)
GO TO 499
CONTINUE
J1=NOD (1,1}
J2=NOD(1,2)
3=NOD (1, 3}
éALL VCHEC3( 14 AKy BKyJ 1y J2s J3¢NTPMKy VCR4HRRXsHRRY)
CONT INUE
CONTINUE
CONT INUE
CONTINUE
1F (NCOUNT.NE.O) GO TQ 5000
NPRINT,413) 11 T,EMAX
:gazi;(//:lo;.-mo. OF 1TERATIONS REQUIRED =*s15¢//s
1 10X, *MAXTHUM ERROR IN HEAD =*,F10.3)
MRITE (NPRINT ;4331

101, 20X, *FINAL SOLUTIONY 4/ 7/
IFORHAT( ° 'ZSX:'NODE'.IOX.‘R-COURD‘ylOX.'Z-CDORD'leX,'HE&O',

2 i lOX,'RHO—CUORD'.IOK"TZI—CDORD‘,XOX.'DRAHDOHN RATIO®, /)

DO 470 I=1,NNODE
RHO=0.5*X (T4 11 /TH
TZI=X(1,21/TH



OO0

s X2X2)

953
ATO

199

1203

2399

2499

1103
3000

T000

OO0 00O00Aa0

aan

4505

5000

202,

SOLESS=(HO-HIY )) /(HO-HW)

MRITE (NPIINT 1953110 XTIy 1)y XUT 420, KUT ) JRHO, TZ1, SDU
FORMAT(SX ¢ 13,2(6X1F10.2),4(8K0F10.41) ' 0 ' ULESS
CONTINUE

EVALUATE VELOCITY AND GRAGIENT USING FINAL HEADS

CONTINUE
VCOUNT=1

COMPUTE AND PRINT ELEMENT VELOCITIES

IFUIVEL.EQ.0) GO TO 7000

WRITE(NPRINT,1203)
FgRHAT{]{/,Zox,lv##*#***##*#*t**##t*vt#t#*#t**######*s##'/
1 20X, 1% ELEMENT VELOCITIES %1/

2 20Xy PAXBAEIF U EERKERE AR KRR RS DAL ED AR KA R ]
310X, “ELEM ND.'510X, "RADIAL VEL' 510Xy *VERTIC VEL' 410X, IDARCY*'4///)

DO 3000 I1=1,NELEM
NT=NREP(I)

NN=ITYPE( 1)

IF(IPROP(I).EQ.O) L=1

IFCIPROP(I).NE.O) L=IPROPI(I)

AK=AKL(L)

BK=BKL (L)

PHIK=PMLIL)

VCR=VCRL (L]

CALL SETARGUAGP; BGP 4PMGPy VGPy AKyBK PMK, YCR, 1)
IFINN.EQ.2) GD TO 2399 '

CALL VCHECR{ I4AKyBK yNT 4 PMKyVCR,HRRXy HRRY s NN)
GO TD 2499

CONTINUE

J1=NOD(I,1)

J2=NOD(I42)

J3=N0D(I,3) . ’

CALL VCHEC3(I,AKyBKsJ1yJ2yJ3yNTyPMKy VCR HRR Xy HRRY)
CONTINUE

VCOMPL=—~VEL(T)*HRRX

VCOMP2==VEL () #HRRY
HRITE(NPRINT1103)1,VCOMPL,VCOMP2, IDARCY{I)
FORMAT (10X, 15,2(10X,F10.3),10X,15}

CONTINUE .

CONTINUE

CALL QCALCINBW,QSUM)
BLEAK=RO

IF(TAQTA.EQ.O) GO TO 4505
BLEAK=PMK*THXTHA/PA
BLEAK=SQRT(BLEAK])
CONTINUE

J=1

AK=AKL{IKMAX)
BK=BKL { TKMAX)
PHK=PML (1 KMAX])
TH=THLUIKMAX]}

CALL TCURV3(HO,BLEAK, NNODE, QSUM4AK;BKsPMKyTH, 3}
CONTINUE

IF SO REQUiRED,USER MAY CALL #1S PLOTTING SUBROUTINES

AT THIS LOCATION.

COOO0OO0O0

4800

THE FOLLOWING PLOTS MAY BE JBTAINED -

{1) DISCRETISATION PATTERN,OBTAINED BY USING VARIABLES NODysXy

NEL EM,NMODE

(2} CONTOURS OF HYODRAULIC HEADS,OBTAINED BY USING VARIABLES

Hy X ¢ NNNDE, KOD, HELEM

{3) DIMENSIQNLESS TYPE CURVES,OBTAINED BY USING VARIABLES HLESS,

TLESS.NNODE

{(4) VELOCITY FIELD,OBRTAINED BY USING VARTABLES VELX,NOD, VCOHPL,

vCcaMmp2

{5) LOCATION OF NON-DARCY FLOW ZONE OBTAINED BY USING VARIABLES

IDARCY, NELEM

CONTINUE
sTOP
END

SUBROUTINE GXNODR(FRLEN;SCFAC XLMAXRWy ROsNNODE s NELEM,LVEC, NLAYR,

LIPENTR, IDISCR)
GENERATES DISCRETIZATION DATA.

COMMON ICSOLV/VD(ZOOO!'HINT[SGO'1!:1?RUP(200’

COMMON IADISC/X{300.2},NUUIZDU.&!.NREP{ED?I'ITYPEIZOOI
COMHON /BDISC/RVEC(50) NDVEZL50), XLENL10O

COMMON /AL#?R!AKL(3].UKL131'¥CRL(3!|SSLIJluTHLIBlaIREGL{3Ig



OO

[N aXgl

(s Xa¥ e}

10

33

94

791
891

203.

INMINL(3), NFRLE3), PHL( 3}

COMMON /AELEM/NTRAN (44 100, NH1(4, 1
L0y HELEN/ ! + LOO Y NH2(4,1001,NDB1{4,100),NDB2(
DATA NPRINT/3/

CALL DCRGN3 {ROyRWsSCFAC, FRLEN NRR y XLMAX )
NRST=1 .

THTO=0. '

NSTFR=]

NOWB(1}=0

DO 10 I=1,NLAYR

THYO=THTO ¢ THL( T}

NFR=NFRL( )

NOWB (1) =NDWS(1)eNFR

IREG=IREGL(])

NMIN=NMINL(T)

CALL NCRGRI[MFRy IREGsNRRs NMIN (NSTFR{NRST,IPENTR,I}
CONTINUE

CALL NCRGRZ{NRST,NRRyNLAYRsNSTFR)
IF(IDISCR.EQ.O) GO TO 94
WRITE(NPRINT,33)NLAYR,NRR

FORMAT (*1 %y 20X, *DISCRETISATION DATA®4//,
1 10Xy *NUMBER OF LAYERS =',15,//,
2 10Xy *NUMBER OF SUBREGIONS =%,15)
CONT INUE

DISCRETISE ENTIRE REGION INTO RECTANGULAR ELEMENTS.

KCREP=1

NSTOR=1

NTSElL=1

DO 65 I=NRST,NRR

DO 691 L=1,NLAYR

NL=NHY (L, I)

N2=NH2{L,1)

NENDJL=NOB1(L,1)

NFND2=NDB2(L 1}

NPAT=NTRAN(L,1)

IF{NPAT.NE.O) GO TO 791

CALL RBLOCKIKCREPyNLyNFNDL;NFND2,NPAT,NTSEL}
GO TO 891 -

CONTINUE

CALL BBLOCKIKCREP,NI;NFND1,NFND2y NPAT,NTSEL)
CONTINUE -

 NELEM=NTSEL-1 e

68

6591
65

83

93

104

87

15

DO 68 YE=NSTOR,NELEM
IPROP(TE)=L

CONTINUE

NSTOR=NTSEL N
CONTINUE

CONTINUE

PRINT OUT ELEMENT DATA.

NELEM=NTSEL-1
IF(IDISCR.EQ.O) GO TO 104
PRINT,83)

§gé;§;?/§/.16X,'!DENTIFICATXON OF ELEMENT-NODE CONNECTIONS'///,
112X 'CLEM NOYySXs ' ITYPE?';SXy*NREP*yS5Xy " IPROPY 45Xy *NODEL "¢ 5X,
2'NDDE2"' 35Xy *NODE3t 4 5Xy *NODE4* 4//)

‘DO 80 I=1l NELEM
sgl%grggé%;T'93)IleYPE(I)1NREP(IlgIPR0P(I)1(NOD(IpK)’K=1:NN)
FORMAT (12Xs9(15+5X))

CONTINUE

CONTINUE

GNERATE NODE COORDINATES.

RI=RH

NS=1

MN=1

PO 75 I=NRST4NRR
DXG=XLEN(I)
11=0.0

DO 8T L=1,NLAYR
TH=THL (L)
NN=NHL(L, )

CALL COORDCUNSyMMyNN;OXGy THiRI+ZI])
L1=TH

NS=NS-1
RI=RI-DXG
CONTINUE
RI=RI+0DXG
NS=NS+1

CONTINUE

Z1=0.0

DO 877 L=1,NLAYR
TH=THL(L}
NN=NH2 (1o NRR )
CALL COURDCUNS s MMy NNsDXGy THiRT21)



204.

Z1=TH
NS=NS-1
RI=R1-DXG
877 CONTINUE i v
c
C .
NNODE = Ns -

IFLIDISCKR.EQ.O) GO TO 114
WRITE (NPRINT,103)
103 FORMAT{*1'y10X,*NODAL CCOORDINATES 'y//, 10X *NODE®,5K ¢
1*R~COORD" 45Xy *Z-COORD" 4 // )

DO 85 I=1,NNODE

HRITE (INPRINT s 1130 Xy X(L1s1)y¢X{1,2}
113 FORMAT(10X,] 4y2FL1.2)
85 CONTINUE
114 CONTINUE

C .
c GENERATE TOP BOUNDARY COORDINATE VECTORS.
c
NDTO=NS
CALL TOPVEC(THTO+LVEC,NDTO)
c
C PRINT OUT BOUNDARY COORDINATE VECTORS.

WRITE(NPRINT,223)
223 FORMAY (///,10X;'TOP BOUNDARY NODES AND RADIAL COORDINATES':///s
110Xy *NODE NUMBER' 320X, *R-COORDINATEt 4//)
DO 335 I=1,LVEC '
WRITE (NPRINT 4333 )JNDVEC(I),RVEC(I}
335 CONTINUE :
333 FORMAT {10X;17425X,F10.2)
RETURN
END
SUBROUTINE NCRGRYI(NFRy IREGyNRRyNMINy NSTFRyNRST 4 IPENTR,L}

GENERATES DISCRETIZATION PARAMETYERS:— NTRANyNHL,NH2 NDBLl,NDB2

[N eXgl

COMMON / AELEM/NT RAN (45 1001 NH1 (45 100)sNH2( 4,100} 4NOBL (44100} 4
LNDB2( 44 100} ¢ NDWB(22)
NC=NFR
NCOUNT=0
DO 10 I=NRSTyNRR
IRGG=IREG :
IF((1.EQ-NRST ) .AND. (IPENTR-NE.O)) IRGG=0
NCOUNT =NCOUNT+1
IF{NCOUNT .LT.IRGG) GO TO 20
NCOUNT =0
NHALF=NC/ 2
NREM=NC~2 *NHALF
IF(NREM.GT.0) GO TO 15
NCL=NC-1
IF(NC1.LT-NMIN) GO TO 20
NTRAN(L,I)=2
NC=NC1
NH2 (L T1=NC
NHLIL 1 )=NC+1
60 TO 10
15 CONTINUE
NC1=NHALF+1
IF{NC1.LT.NMIN) GO TO 20
NTRAN(L,I)=1
NC=NC1
NH2(L, T)=NC
NHL(L s 1)=2%NH2(L, 1)1
GO TO 10
20 CONTINUE
NH2 (L4 T)=NC
NTRAN(L,11=0
NHL (Ly 1 )=NHZ(L, 1}
10 CONTINUE
RETURN
END
SUBROUTINE NCRGR2(NRST s NRRyNLAYRy NSTFR)

MODIFIES THE VALUES OF NDB1 AND NDB2.

[ XaKg)

COMMON /AELEM/NTRAN (4,100)4NH1 (45100 1,NH2(4,100]14NDBLL4+100),
INDB2( 4, 1C0)y NDHB(22) -
NDBC=NSTFR
DO 50 J=NRST,NRR
NDB1(1,J1=NDBC
IF(NLAYR.LT.2) GO TO 56
DO 55 L=2,NLAYR
© NDBI(LsJ}=NDBI(L—1y J)eNHLIL=-1¢J)-1
55 CONTINUE
56 CONTINUE
=NLAYR

NDBC=NDBL(Ly J)+NHL(Lsd)
50 CONTINUE

NRL=NRR-1
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DO 60 J=NRST,NRL

DO 65 L=1,HLAYR
NDBZ‘L;JI=NDBL[L,J?1)
CONTINUE

CONTINUE

NDBZ(1 4NRR}=NDBC

DO 75 L=2,NLAYR

NDB2 (L, HRR’“NJBE(L 1, NRRY+NH2 [L-1,NRR)}—-1
CDNTINUF

RETURN

END

SUBROUTINE DCRGNB[RO;RH,SCFAC:FRLEN,NRR,XLMAX}
GENERATES DISCRETIZATION PARAMETER S:— HRRy XLEMN

COMMON /BDISC/RVEC(501 s NDVEC(50) ¢ XLEN(100)
HAXNR=89

XLEN(1)=FRLEN

RLEN=RD-R W

SUM=XLEN(1}

DO 10 I=2,MAXNR

XLENC{I)=XLEN{I-1}*SCFAC
TEUXLEN{T)LGT o XLMAX ) XLEN(I)=XLMAX
SUM=XLEN(T)+suM

IF{SUM.GT.RLEN} GO TO 20

CONTINUE

CONTINUE

KREM=RLEN+XLEN(I)-SUM

NRR=1

DENOM=1.+SCFAC+SCFACk%2
XLENCI-21=(XREM#XLEN( I- 1} +XLEN{ I~ Z}JIDENUH
XLEN{I-1) =XLEN{I-2)*SCFAC
KLEN{1}=XLEN[I-1)*SCFAC

RETURN

END

SUBROUTINE RBLOCK{KCREP ¢N14NFND1,NFND2,NPAT,NTSEL)

GENERATES ELEMEHT.CGNNECTIVlTiES IN BASIC RECTANGULAR BLOCKS.

DIMENSTON ND(1,6)
COMMON /ADISC/X(300421), hUD(ZDD.&}.hREP(ZOO),ITYPElzoo)
NDI(141)=NFND1

ND( Ly 2)=NFND2- _ :
ND(1y3)=NFND2+1 _ .
ND(1s4)=NFNDL+L .
IF(NPAT.EQ.1] GO TO 200

NTEMP=N1-2

NST=NTSEL ,

NLST=NST+NTEMP

DD 40 J1=NST4NLST

NREP{J1)=KCREP

ITYPE(JL) =4

DO 50 K=1,4

NOD(JL4K)=ND(LyK)¢(JI-NST) "

CONTINUE

CONT INUE

KCREP=KCREP+1
NTSEL=NLST+1

GO TO 400

CONTINUE
ND{1,5)=ND(1 4}
ND(1,4)=ND{1,5)+1
N2=N1/2+1

NTEMP=N2~2

NST=NTSEL :
NLST=NST+NTEMP

DO 260 JL=NST,HLST
NREP(J1)=KCREP
TTYPELJL) =5

NI=J1=NST

NOD{J1s 1)=ND(L1s1)+2%NI
NOD(JLy4)=ND {1y 4) 422N
NOD(J1s51=ND (1,5)«2*NI
NOD{JL1,2)=ND(1y2)#N 1
NOD(J1s3)=ND(1,3)+NI
CONT INUE

KCREP=KCREP+1
NTSEL=NLST+L

CONT INUE

RETURN

END

SUBROUTINE CODRDCINSMMyNN;DXGy THyRI4Z1)

GENERATES NODAL CCORDINATES.

COMMON FACISC/X(300,214NOD(200,6) (NREPL 2001, ITYPE(200)
COMMON IﬂSOLVIXX(S:?OI;XYI5:901

DY=TH/{NN-1)

D0 20 L=1.NN

XX(1sLI=RI
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DO S0 Kml,MM
YY(Kgl)=Z1

DO 60 J=2,NN
JML=J-1

DO 70 K=1,MH
XY(KyJ)=XY(KsJML]}4+DY
CONT INUE
CONTINUE

DO 80 J=14MM

DO 90 K=1,KNN
L=NN¥(J-1) +K +NS=1
X(Lyl)=XX(JyK)
XLy 20 XY (Jy K}
CONTINUE
CONTINUE
NEN=NS + (MMENN)-1
NS=NEN+1
RI=X(NEN, 1) +DXG
RETURN

END

SUBROUTINE TOPVEC(THyLVEC, NDTO}

COHPUTES RADIAL CDORDINAYES FOR NODES ALONG THE TOP BOUNDARY.

COMMON /ADISC/X{300s21+NOD(20046) NREP{200},ITYPE{200)
COMMON /BODISC/RVEC(50)+NDVEC(50), XLEN{100)
J=0

DO 10 I=14NDTO

IDIF=ABS{TH-X{1+2))

IF(2DIF.GT.0.00L) GO TO 10

J=J+l

NDVEC{J}=1

RVEC{JI=X{I,s1}

CONT INUE

LVEC=J

RETURN

END

SUBROUTINE EBFINR{LENsNMyKNH,LL}

SUBRBUTINE TO GENERATE THE BANDWIOTHS OF THE BANDED SYMMETRIC
MATRIX. NBAND CONTAINS THE BANDWIDTHS, ID THE POSITION OF THE
TERM ON THE OIAGONALS OF THE ORIGINAL MATRIXy LEN IS THE LENGTH
THE VECTOR

DIMENSION LVI6)
COMMON /ASOLV/ISTART(300),NBAND(300),1D(300}
COMMON /ADISC/X{300,2)+MODL20046) 4 NREP{Z00),ITYPE(200]}

DO 20 I=l.LL
NBAND(I)=1
ISTART(I)=1
CONTINUE

SCAN THROUGH THE LOCATION VECTOR FOR EACH MEMBER TO FIND
THE POSITION OF THE TERM FURTHEREST FROM THE DIAGONAL IN EACH ROW

DO 25 I=1,NM
NN=ITYPE(I)

NF2=NN

DO 30 J=1.NF2
LVI{J)=NOD(I.+J}
CONTINUE

NO 45 J=1,NF2
IF(LVI{JI.EQ.0)GO TO 45
DO 40 K=1,NF2
IF(LV(JI.GT.LV(K)}) GO TO 40
NW=LV(K}-LV{J]}+1
NR=LV{J]}

(X2

aQoo0n

40
45

3]
55
25

TF{NW.GT.NBAND{NR) } NBAND(NR } =NW

CONTINUE
CONTINUE

SEARCH FOR THE FURTHEREST JDFF-LEFT TERM

DO 55 J=1,NF2

IF(LVIJ)}.EQ.0) GO TO 55

DO 65 K=1,NF2

IF(LVIJI.LT.LV{K])) GO TC 65

Nw=LVIK)
NR=LV(J]

IF(NW.LT. ISTARTINR]} ) ISTARTINR)=NH

CONTINUE
CONTIHNUE
CONTINUE

SET UP ID VECTOR AND COMPUTE LENGTH OF STIFFHESS VECTOR

ALSD CHECK THAT NBAND DOLS NJDT DECREASE BY MORE THAN 1 AT A TIHE

LEN=NBAND{1)
D3O 50 I=2,LL

IFINBAND( I 1~NBANOD{I-1}.LT.0}

NBANDL I1=NBAND(I-11-1
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LEN=LEN+NBAND(I)

CONTINUE

ID(1)=1

DO 6C I=2,LL

ID(I)=1D( I-1)+NBAND(I~-1)

RETURN

END .

SUBRODUTINE ELGNCR{MsIII4AK,BK (NT,PHK}

GENERATES ELEMENT MATRIX,SELK.FOR RECTANGULAR ELEMENTS.

COMMON /ADISC/X(300,2)4NOD(200¢6) ,NRECP(200),ITYPE (200}
COMMON /AELEM/BA(lSO)rSLX(lSO;b):SLY(lsOyb),SSLK(G.G),EK(G,b’
COMMON /VCOW/ORX(ZOO),VEL(ZJO,,H(300),10ARCY(200).3(616)
COMMON /BELEM/E(64643)4F(64653),DSHF2(246)
NN=ITYPE(K)

KK=NN-3

IF(NREP(M)I.EQ.NT) GO TO 30

NT=NREP (M)

DO 10 J=14NN

DO 20 K=1,4NN

IF{J.GT.K) GO TO 20
EK(JsKI=BAINTI®E(J)KKKI+F(Js KeKK)/BAINT)
EK(JsK)=EK(I4K)XORX (M}

CONTINUE

CONTINUE

CONTINUE

IFC IDARCY (M) .EQ.O0) GO TO 70

CONTINUE .

CALL CONSTR{MyAKyBKACONSTyNT ¢ NN)

GO 10 80

CONTINUE

ACONST=PHMK

CONTINUE

DO 40 J=1,NN

DO 50 K=14NN

IF(J.GT.K} GO TO 60
SELK{JsKI=EK(J4K)*ACONST

GO 10 50

SELK{J¢K)=SELK(KyJ)

CONTYINUE

CONTINUE

RETURN

END

SUBROUTINE INFLUC(NN,NDIFF}

GENERATES FIRST SET OF INFLUENCE COEFFICIENTS.

COMMON /BELEM/E(64643)+Fl64643),0SHFZ(2,46)
DO 200 I=1,NDIFF

NN=1+3

J=1

GO TO (10+3C)ed

4—-NODES ELEM

CONTINUE

DO 150 K=1l,4
E(K¢KyJ)=1./3.
F(KyK,J)=E(K’K1J’
E(l,Z.J)=—1./3.
E{l1434J)=—-1./6a
E{ls49Jd) = 1./60
E(2¢33Jd)=1./6.
5(214'J)='1-/6-
E(3945J)=-1./3.
Flls24J0)=1./6.
Flle3s4Jd)=-1./6.
F(ls45J0)=-1./3.
F(243,4J)=—-1./3.
Fl2:y%443)=-1./6.
F(39449J)=1./6.
GO 70 500

5 NODES LEFT INCLUDED

CONT INUE

Ef{lels ) = 2./15.
E{1424J) = =-1l./6.
E(1:3,J) = 0.0
E(ly4y3)= —~14/730.
Etls54d)} = 1.715.
E(2424Jd) = la/3.
5(2'31J) = 1./76.
E(2¢4:J) = 0.0
E(2:54J) = —-1a/3.
E(343,J) = 1./3.
E(344+4J) = -1./6.

E(3,5+J) = -1./3.
E(4y4¢J) = 2./15.
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200

50

E{4454d) = 1./15.
E(5¢5:J) = B8./15.
Flly1lyd) = 7./9.
F(1424J) = 1./6,
F(l434d) = ~1./6e
F(l'{*l\”: 1'/9‘
F(1,5:,J) = =8./9.
Fl2+2,4) = 1./3.
Fl2934d) = =-1./3.
F(244,J) = -1./6.
F(2¢54J) = 0.0
F(3:13,4) = l1./3.
F(314'J) = le/6s
F(3y5'J) = 0.0
Flay4,0) = 7.79.
F(4,54d) = —8./9.
FU5:5,0) = 16./9.
CONTINUE

CONTINUE .
RETURN '
END

SUBROUTINE INFLUDINN)

GENERATES SECOND SETY OF INFLUENCE COEFFICIENTS.

DIMENSION ZEN(652)y2E(1,2}

COMMON /BELEM/E(64613)4G(64613)1DSHFEZ(2,6)

Jp=1

K=NN-3
ZEN(1lsl)=~).
ZEN{(2,41)=1.
ZEN(3,1)=1,
ZEN(4y1)=~1,
ZEN(142) =1,
ZEN(242)=-1.
ZEN(3,2)=1.
ZEN{4,2)=1.
ZEN(S:1}=0.
ZEN(542)=--1.
2E(151}=0.
ZE(1,2)=0.
1F(K.EQ.2) GO TO 50

4—-NODE ELEMENT.

DO 2 I=1,4NN
Tl=1.+¢ZEN(I,1)%ZE(JIPs1)

T2z 1 #ZEN(I; 2)%ZE(JP,2)
DSHFZ(141)=.25%T2%ZEN(I 411
DSHFZ 12, 11=.25*T1*ZEN(T 42)
G(I'XgK)=4n/9o

IF(1.LEL3) G(I,I+14K)=2./9.
IF(T.LE.2) G{l,142,K)=1./9.
IF(1.EQ.1) G(li")K,=2¢/9o
CONTINUE

GO TO 100

CONTINUE

5-NODE ELEMENT WITH MIDDLE NODE ON SIDE 1-4

21=2E{JP; 1)
22=1E(JPy 2}
Pl=1.0+¢Z1

s1=1.0-Z1

P2=1.0+12

§$2=1.0~-22
DSHFZ{1,11=0.25%22%52
DSHFZ(194)=-0.25%12%P2
DSHF2(2,1)=-0.25%51%(52~12)
DSHFZ(244)=0.25%51%(P2+¢22)

DSHFZ(142)=0.25%S2
DSHFZ(143)=0.25%P2
DSHFZ(242)=-0.25%P1
DSHF2(2,3)=-DSHF1(2,2}

DSHFZ{145)=-0.5%52%P2
DSHFZ(2451=-12*S1

Glls14KI=0.1TT7777
G(I,Z,K)ao.llllll
G{143,K)1=0.00000
G(I,Q.K)=—0.444444€~Ol
G{1,5¢K)=0.688886E-01
G(ZcZgK,’O-“QQQ“Q
G(2534K)=0.222222
G(2+144K)=0.372529E~-08
G{2y5+K)=0.222222
G(3434K1=20.444444%

208.
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Gl3r4,K}=0.111111
Gl3y5¢K)=0.222222
Glas4,K)=0.1T7777
G{4,5,K}=0.8U8886E~01
G{54S4K)=0.T11111

CONTINUE

RETURN

END

SUBRDUTINE ELGNDR(NT,SC,MyDET,NNP}

GENERATES ELEMENT MATRIX,D,FOR RECTANGULAR ELEMENTS.

DIMENSION TJ4(2,2)

COMMON /ADISC/XI(30042), NOO(2004+6) 4NREP(200),ITYPE(200}
COMKON /AFLEV/B#(IJO),SLX(ISO,G) SLY(l)O,b)ySELK(é,é)yEK(6,6)
COMMON /BFLEM/E(éyéaBJyG(quyBI,DSHFI(Z 6)

COMMON /VCOM/ORX (2001}, VEL(200)yH(300)'10ARCY!200):D(616)
J1=NOD (#, 1)

J2=N0OD (M, 2)

J3=NGOD(M, 3)

J4=NOD(H, 4)

ORX{M}=(X{JL1y LI+X{J241))%045

IF(NREP[M).EQ.NT)} GO TO 50

NT=NREP (M)

NN=ITYPE (M)

K=NN-3

BB=ABS(X(J4s2)-X(J1,2))

AA=ABS (X(J341)~X{J141)})

BAINT}=8B/AA

DET= AA*BB/4. -

TJ(1yL)=2./AA

TJ(2,2)=2./88

IFENNPL.EQ.NNY GO TO 15

CALL INFLUDINN)

CONTINUE

NNP=NN

DO 10 I=1,NN

SEX{NT(1})= TJ(l,l)*DSHF?(lyI)

SLY(NT s 1)=TJ (2, 2)¥DSHFZ(241)

CONTYINUE

FORM ELEMENT MATRIX:-D

DO 100 I=14KN

DO 100 J=1,NN

IF(J-1) 105,110,110

DI +J)1=0ORX(M)I*SCHDET*G(I4J4K)
GO YO 100

D(I+J1=D(J,1)

CONTINUE

‘CONTINUE

RETURN
END
SUBRDUTINE CONSTR{M,AK, BKy ACONST, NT,NN)

COMPUTES ELEMENT VELOCITIES FOR RECTANGULAR ELEMENTS AND CHECK IF A
PARTICULAR ELEMENT BELONGS T) DARCY OR NON-DARCY FLOW ZONE.

COMMON /VCOM/ORX(200):VEL(200),H(300)+IDARCY(200},D(6,61)
COMMON /AELEM/BA(L150},SLX(150:6)4SLY(150+6)3SELK(656)4EK(646}
COMMON /ADISC/X(300,2),NK0OD{200,6)4NREP{200),1TYPE(200)
HX=0.0

HY=0.0

DO 10 JN=1,NN

J=NOD(M,4IN)

HX=HX+SLXINT s JNI®H{ J)

HY=HY+SLY(NT N} =H( J)

CONTINUE

HS=ABS (SQRT [HX*¥2+HY*%2})

EVALUATES ELEMENT VELOCITY.

TEMP=0.5%AK+ SQRT (0. ZS*AK*#24BK*HS)

VEL (M)=HS/TEMP

ACONST=1./TEMP

RETURN

END .

SUBROUTINE VCHECR{MAKy BK¢NTy PMK,;VCRyGRRXsGRRY NN}

COMPUTES ELEMENT VELOCITIES FOR RECTANGULAR ELEMENTS.

COMMON /AELEM/BAL150)}¢5LX(15046)5SLY[150+6),SELKI646) EK(646)
COMMON /VCOM/ORX(200),VELL2001,H{ 3003, IDARCY(20C)sD(6,46)
COMMON /ZACISC/X(30042),N0D(20046)yNREPL200),ITYPE(200)

HX=0.0

HY=0.0

DO 10 JN=1,NN

J=NOD{M,JIN} -

HX=HX+SLXINT , JN) *H{ )

HY=HY +SLY(NT SN} =H( J}



OO

OO

[eXa¥el

SOO00

10

20

30

10

25

20
10

20
10

210.

CONTTNUE

HS=ABS (SQRT{ HX*%24¢HY*%2))

GRRX=HX/HS

GRRY ~HY/HS

IFCIDARCY (M) .EQ.0) GO TO 20
TENP=0.5%AK+SQRT (0. 25%AK¥* 24 BK*HS )

VEL{M)=HS/TEMP

TF(ABS(VELIM})ILLE.VCR} IDARCY(M)=0

GO T0 30

CONTINUE

VEL (M) =PMK%HS

IFCABS (VEL(H)).GT.VCR) IDARCY {M}=1

CONTINUE

RETURN

END :
SUBROUTINE BNOFIX{IPENT Ry Z8; HH ¢ HO o NNODE ; NBD ,NDH 4 NDRQ, NBW}

LOCAYES NODES WHERE HEAD VALUES ARE FIXED.

COMMON /ADISC/X{300,2},NOD(200,6),NREP(200),1TYPE{200}
COMMON /BDISC/RVEC(5014NDVEC(50),JB0£50)4DISPL50)
ZT0L=0.01 .

J=0

DO 10 I=1,NDV

IDIF=X(1,2)-28

IF(IPENTR.NE.O) ZDIF=-ZDIF B
IF(IDIF.GT.ZTOL) GO TO 10-

J=J+l

JaDtJ) =1

DISP(J)=HW

CONTINUE

NBW=J

NST=NNODE-NDRO+1 ’

DO 25 I=NST,NNODE -
J=del

JBD(JY=1]

DISP{JI=HO

CONTINUE

NBD=J

RETURN

END

SUBROUTINE MERB3{Ny M}

MERGES ELEMENT MATRIX SELK INTO GROSS VECTOR VK.

COMMON ZAELEM/BALLS0) ¢ SLX{150461,SLY(15046) +SELK{6,:6):EK(6,6)
COMMON /ZADISC/X(30042)4NOD{200+6) ¢+ NREP(200),ITYPE(200}
COMMON /ASOLV/ISTARTI(300) 4N3ANDI300),1D(3C0)

COMMON /BSOLV/CK{300,1)4VKL{2000)

DO 10 I=1,N

IK=NOD (M, 1}

IF(IK.EQ.0) GO 70 10

DO 20 J=14N )

JK=NOD (M, J)

IF(IK.GT.JK) GO TO 20

IPOS=1ID(1K)+IK-IK

VK IPOS)=VK{IPOS }+SELK(I+J)

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE MERBD{N,M)

MERGES ELEMENT MATRIX D INTJ GROSS VECTOR VDe.

COMMON /ADISC/X{300,2},N0D(2004+6) +NREP{2001,1TYPE(200)}
COMMON /ASOLV/ISTART(300) N3AND(300),1D(300}

COMMON /CSOLV/VD(2000) HINT(300,1)+1PROP{200)

COMMGON /VCO4/0RX(200), VEL{200)sH{300)+10ARCY{200),+D(646)
DO 10 I=1,N

IK=NOD(M, 1)

1F(IK.EQ.0) GO TO 10

DO 20 J=1,N

JK=NOD (M, J)

IF(IK.GT.JX) GO TO 20

1P0S=1D(1K)+«JIK-IK

VD{IPOS)=VO(1POS)+D(T4J}

CONT INUE

CONTINUE

RETURN

END

SUBROUT INE SYMSOL(LLUyNLL])

AN IN CORE BAND SOLVER.
USE IN CONJUNCTION WITH TOPILOGICAL SUBROUTINE FOR LARGE BANDWIDTH.

DIMENS ION VTEMP(90)

COMMON /BDISC/RVEC{ SO}, NDVEC(50),J480(50),015P(50)
COMMON 7ASOLV/ISTART{300),N(300), IDUM{300)
COMMON /8SOLV/C{2300y 1, V(2000)
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DOUBLE PRECISION YEMP,VTEMP
JBOUN=1 )
1D=1

DO 10 I=1,LL

TEMP=V(ID)

NEB=ID+N(T)-1

IDI=ID+1

IF(I.EQ.JBD(JBOUNIY GO TO 16

NORMALISE ROW I

KK=0

V(lD}=1.0
IF(ID1.GT.NEB} GO TO 29
DO 20 J=1C1,NEB
KK=KK+1

VTEMP (KK} =V(J)
VIJI=V(J)/TENMP
CONTINUE

DD 25 L=1,NLL
ClIsL)=C(I,L)/TEMP
CONYINUE

GO TO 46

CONTINUE
IF{ID1.GT.NEB) GO TO 39
KK=0

DO 120 J=ID1,NEB
KK=KK+1
VTEMP(KK)=V(J}
V{Ji=0.0

CONTINUE

DO 125 L=1,NLL
C{IsL}=DJ SP(JBOUN)
JBOUN=JBOUN+ 1

ELIMINATION

CONTINUE

1DJ=1ID

IF{ID1.GT.NEB) GO TO 35
KK=0

DO 30 J=IClyNEB

JI=J-1D1+}

IDJ=10J+N(JI)

KK=KK +1

IF(VTEMP{KK) ]} 50230450
CONY INUE

IF(JBOUN.EQ.1) GO TO 240
JBH1=JBOUN-1
IF(1.EQ.JBD(JBKL)) GO TO 140
10P=J

DO 40 K=]DP,y NEB
KJ=IDJ+K-J
VIKJY=V(KJ)~VIKY*AVTEMP (KK}
CONT INUE

NJ=I+J-1D

DO 32 L=1,NLL
CINJsLI=C(NJyL}-CCI+L)*VTEMP(KK)
CONT INUE

CONTINUE

CONT INUE

1D=1D+N(I) -

CONTINUE

BACK SUBSTITUTION

10=1D-1

tLl=tL-1

DO 70 IB=1,LL1
I=tL1~1B¢+1
JD=10-N(I1}

1S=1+1

IN=T+N(I)-1

DO 80 J=IS,IN
NJ=1D+J-1

DO 75 L=1,NLL
ClI4L)=CllsL)-ClIeLI*VINJ}
CONTINUE

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE VOFB{LVEC)

GENERATES VECTOR VDTOP.

DIMENSION DU 2,42)

COMMON /ADISC/X(300+2),N3ID(200,6) yNREP(200),1TYPEL200]}
COMMON /8DI SC/RVECI 50} yNOVEC{50),.080(501,DISP{501}
COMMON /ASOLV/ISTART(3001 4NBAND(300),10(300)

211.
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COMMON /ADPARA/TLESS(300),HLESS(300’,GK(300 1), VDTOP(2060)
NELYOP=LVEC~-1

NN=2

ID(L)=1

DO 10 I=2,LVEC
ID(I)=1D(1-1)+2
LENT=2*LVEC-1

DO 108 I=1,LENT
vDYOP{I)=0.0

CONYINUE

DO 208 IE=1,NELTOP
IN=NDVEC(IE)
IP=NDVEC(IE+1]}
RAVE=Q.5%(X{ IPy 1)+X(IN,1})
RDIF=X{IP41)~X{INy1}
D(1,1) =RAVEXRDIF/3,0
BD(2:2)=D(1,41)
D(1,2)=D{141})%0.5
D(241)=D(1,2)

DO 308 I=1,2

IK=IE¢(I-1)

DO 408 J=142

JK=1E+(J-1)

IF(IKLGT. UK} GO TO 408
IPOS=ID{IK}+JK-IK
VOTOP(IPOS)=VDTOP(IPOS)+D(I, 4}
CONTINUE

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE GVMOD(LACT,;SY, IGK)

MODIFIES VECTORS VK AND GK TO TAKE ACCOUNT OF LEAKAGE FLUX ACROSS
TOP BOUNDARY.

COMMON /BDISC/RVEC(50) 4NOVECI 501, 48D(50),DISP(50)

COMMON /ASOLV/ISTART(300),NBAND{300),I1D(300)

COMMON /BSOLV/CK(300,1),4VK(2000)

COMMON /CSOLV/VD(20C0) , HINT(300,1),1PROP(200}

COMMON /ADPARA/TLESS(300) HLESS(300)+6K(300,1),VDTOP{200)
DO 1078 L=1,LACT

IP1=(L~1}%2+1

IP2=1P1+1

IPM=IP1-1

VF1=VDTOP{IPL1}%*SY

"VF2=0.0

VFM=0.0

IF(L.GT.1) VFM= VDTOP(IPM)*SY
IF(L.LT.LACT) VF2=VDTOP{IP2)*SY
I=NDVECIL}

Ji=1

J2=J1

JH=J1

IF(L.LTLLACT) J2=NDVEC{L+1)
IF(L.GT.1) JM=NDVECIL-1)
SUM=VF1*HINT(J1, 1} #VF2¥HINT(J2,1) ¢ VFM*HINT(JM,1)
IF(IGK.GT.0) GKUJ1,1)=GK(Jls1)+SUM
IF(IGK.GT.0) GO TO 1078

1S=10(1)

VK{IS)=VK{IS])+VF1l

JL=IS+NBAND(I)-1
VE(IL)I=VK(IL)+VF2

CONTINUE

RETURN

END

SUBRDUTINE GKMOD{LACT,SY)

MDODIFIES GK TO TAKE ACCOUNT OF LEAKAGE FLUX ACROSS TOP BOUNDARY.

COMMON /BDISC/RVEC({50),NDVEC( 501}, JBD(S0),DISP(50)

COMMON ZALEAK/QLEAK (501 4HCOLDI{50) s HF (50} 4FINT(50,1),GPL40)
COMMON /ADPARA/TLESS(300),HLESS(300),GK{300,11,vDTIP(200)
DO 1078 L=1,LACT

IP1=(L-1)%2+1

1P2=1P1+1

IPM=1P1-1

VF1=VDTOP (IP1}#*SY

VF2=0.0

VFM=0.0

IF(L.GT.1) VFH=VDTOP{1PM)*SY

IF(L.LT.LACT} VF2=VDTOP(IP2}%SY

I=NDVEC(L)

Jli=1

LM=L

LpP=L

IF(L.LT. LACT) LP=L¢l

IF(L.GT.1) LH=L-1
SUMBVTI*QLEAK(L)&JrZ*QLEAK(LPI#VFM*QLEAK(LM)
GK(JLly1)=GKlJILly1)eSUM

N
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1078 CONTINUE
RETURN
END

SUBROUTINE BBLOCKIKCREP,NLyNFND1,NFND2,NPAT,NTSEL}
GENERATES ELEMENT CONNECTIVITIES IN BASIC BLOCKS.

DIMEHNS ION ND(3, 3)
COMHON /ADISC/X(300G,2)NOD(20G,6) s NREPL200),1TYPE(200)
ND{Ly1)}=NFNDL
ND({1,2)=NFND2
ND(143)=NFNDL+L
ND( 2, ll“ND[ 1'3}
ND( 2, 2}=NDt 1, 2}
ND(2,3)=ND{1,2)¢]
IF(NPAT.EQ.1} GO TO 200
IF(NPAT.EQ.0) GO TO 265
NTEMP=N1-2
PO 90 JJ=1,2
NST=NTSEL
NLST=NST+NTEMP
DO 40 J1=NST4NLST
NREP{J1)=KCREP
KCREP=KCREP+1
DO 50 K=1,3
NOD(J1¢K)=RD(JJs K1+ (J1=NST])
50 CONTIRUE :
40 CONTINUZ
NTEMP=NTEHKP-1
NTSEL=NLST+1
90 CONTINUE
GO TO 400
200 CONTINUE
ND(3,11=NDI2s1}
HDU3,21=ND{2,2)+]
ND(3,3)=N0(3,1)+1
NTEMP=(NL~1)/2~1
L1=2
L2=1
DO 250 JJ=1,3
L3=2
IF(JJ.EQ.2) L3=1
NST=NTSEL
NLST=NST+NTEMP
DO 260 J1=NST,NLST
NREP({ J1)}=KCREP
ITYPE(J1)=3
PO 270 K=1,3
IF(K.EQ.1) LL=L1
IF(K.EQ.2) LL=L2
NOD(J1 4K} =ND(JJyKI & (JI-NSTI®LL
270 CONT INUE
260 CONTINUE
KCREP=KCREP+1
NTSEL=NLST+1
250 CONTINUE
GO TO 400
265 CONTINUE
NTEMP=N1-2
DO 190 JJ=1,2
NST=NTSEL
NLST=NST+NTEMP
DO 140 JL=NST,NLST
NREP[J1}=KCREP
ITYPELJL)=3
DO 150 K=1,3
NOD (J1 K} =ND{JJ,K)+[J1=-NST}
150 CONTINUE
140 CONTINUE
KCREP=KCREP+1
NTSEL=NLST+1
190 CONTINUE
400 CGNTINUE
RETURN
END
SUBROUTINE ELGND3(NT,SCyM)

GENERATES ELEMENT MATRIX;D,FOR TRIANGULAR ELEMENTS.

COMMON /ADISC/X{300,2),R001200,6) ,NREP(200),ITYPE{200]
COMMON ZCELEM/ELKI3,3,150),8( 150, 3),C(15043),AKREA(L50)
CONMON /VCOM/0RX (200}, VEL(200 )y Hl 300}, IDARCY{20014D16+61
J1=NOD (M, 1)
J2=NOD(M, 2}
J3=NOD (M, 3)
ORX{M)={X(JLl, L) #X(J2,11¢X{J3,1))/3.
IFINREP(MI.CQ.NT)Y GO TO 50
NT=NREP(M]

CXJEX(J241)=X1J1, 1)
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XM=X(J3,1)=-X(J1,1)
Yd=X0J2,21-X{J1,2)
YM=X(J3:42)-%(J1,2)
AREA(NT ) =0. 5% [ XJ%YH=XM%Y])
AFUN=2.=ARCAINT)

BINT 1l=(YJ~¥H) FAFUN
BINT,2)= (YM)}/AFUN
BINTy3)= (-YJ}/AFUN

CINTy L )=( XM=XJ)/AFUN
CINT42)= {(=¥H)/AFUN
CINT,3)= (XJ)V/AFUN

0O 100 I=1,3

DO 100 J=1,3

IF(J-1) 105,110,110

CLKUT s JyNT)=B{NTy LI #B(NT s J)¢CUNT, T ) EC(NT,J)
GO YO 100
ELK(I:J!NT‘=ELK‘JtIsHTI
CORTINUE

FORM ELEMENT MATRIX:- D

Dil+1)=0.5*%0RX(M)I®AREA(NT}%SC /3.

0(2,2)=0(1,1)

D(343)=0(1,1)

DELy2)=D(1,1)%0.5

D(2,12=0{1+21} .
D{Ly43)=D(1:2) -

D{3,11=0D(1,3) -
DI2+3)=0{1;:2) :
D{3,2)}=0(243)

CONTINUE

RETURN

END

SUBRDUTINE ELGNCT{M,I11+AK;BKsNT, VCOUNT,PMK)

GENERATES CLEMENT MATRIX,SELK:FOR TRIANGULAR ELEMENTS.

COMMON /AELEH/B&[lSO’uSLXIlSD.Bl'SLY{150;6}:3ELK(6;6};EK(6;61
CDHﬁDN JADISC/X{300.21,H0D(200:6)NREP{200),ITYPE(200)
COMHON /CELEM/ELKI34+43+150),B015043)3CI15043)4AREA({LSD)
COMMON /VCOM /ORX (200}, VEL{ 200 }4H{ 300),IDARCY(200) ,D{6:6)
IFCIDARCY {4) cEQ.O} GO TO VO

CONTINUE

J1=NODIMs 1) - . o s
J2=N0D (My 2) R S
J3=NOD (K, 31

CALL CONSTT(H, AKy BKyACONST+Jd14J2y J34NT)

GO TO 80 :

CONTINUE

PX=PMKK

ACONST=PX*ORX (M} AREA(NT)

CONT INUE

CALCULATE ELEMENT MATRIX

DO 200 I=1,3

DO 200 J=1,3

SELKI]y J)=ACONST*ELKL1+J(NT)
CONTINUE

RETURN

END
SUBROUTINE CONSTTIMyAK,BK,ACONSTyJ1¢J2,J3,NT]

COMPUTES NON-LIMEAR COEFFICIENT FOR TRIANGULAR ELEMENTS.

COMMON /CELEM/ELK(343,150),8(150+3),C(150,3),AREA(150)
COMMON /VCOM/ORX (2001, VEL (200 1,H{ 3001, IDARCY(200}+D(6,6])
HX=B{NT ¢ L)*H{JLI+B(NT, 2)%H(J2) +BINT, 3)5H1J3}

HY=CONT 1 )%H{JL) +C{NT s 2)=H{J2)+CINT, 3} *H{J3)

HS= ABS[ SQRT (HX*#24HY*%2))
TEMP=0.5%AK+SQRT (0. 25%AX**24BK*HS )

VEL (M) =HS/TEMP

ACONST=AREAINT }#ORX (M) /TEMP

CONTIMUE

RETURN

END
SUBROUTINE VCHEC3 (Mg AK ¢ BKyJly J24 J 34 NT 4 PHKVCRyGRRX,s GRRY)

COMPUTES ELEMENT VELOCITIES FOR TRIANGULAR ELEMENTS.

COMMON /VCOMZORX (2001, VEL(2201,HI300),1DARCY1200),D16,6])
COMHON /CELEM/ELK(3,3,150),81 150, 3)4C(150¢3)4AREA{150)
Hx-B{NT,lItH(Jli+HlNT.21¢H[J2]+B(NT-JJ‘HIJ3I

HY=CENT,1 ) 2H{JL) +CINT 4 21 EH{J2) +CINT, 31 ¥H(JI3)

HS= ABS{ SQRTIHX*%2+HY#%2})

GRRX=HX/HS

GRRY=HY/HS

IE(IDARCY (M) .EQ.0) 6D TO 20
TEMP=0.5¢ AK # SQRT (0. 25%AKE* 2+ B KEHS)

VEL{M}=HS/TEMP



215,

IF(ABS (VEL{M}I.LE.VCR} IDARCY(M}=0

© 60 TO 30

20

30
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20

10
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3

5
15

CONTINUE

VEL (M) =PHK%XHS

IF(ABS{VEL{M)).GT.VCR) IDARCY(M)=1

CONT INUE

RETURN

END

SUBROUTINE SETARGIAGP{BGP,PMGP+VGP,AKK,BKKy PKKyVCRy I}

IDENTIFIES ELEMENTS IN THE GRAVEL PACKED ZONE.

COMMON /CSOLV/VD(2000),HINT(300+1),1PROP(200}
IF{IPROP(I}.EQ.O0) GO TO 20

GO 10 10

CONTINUE

AKK=AGP

BKK=BGP

PKK=PMGP

VCR=VGP

CONT INUE

RETURN

END

SUBROUTINE TCURVB(HO;B'NNDDE'QFIX AKyBK,PHK,TH 4

COMPUTES TYPE CURVE FOR STEADY STATE FLOW.

COMMON /ADISC/X{(300,2),NOD(200,6) sNREP[200},ITYPE(200]}

COMMON /VCOM/ORX(200) 4 VEL{200),H{300}41DARCY{200),D(64+6)}
THPI=44./7.

TMIS=PMK*TH

PARAH=BK®QF I X*¥TMIS/ (TH**2%B&«TWPI)

DENOM=QFIX/{TWPI*TMIS)

HRITE{3:3)PARAM

FORMAY(///,10X,50{ %) /410X, *%*,13X,*STEADY STATE TYPE CURVE®,
1 12Xg %%y /9 LOXy50( P %), ///415Xs* NON-LINEAR FACTOR =t 4F12.4)
IF(J.EQ.2) GO TO S

HRITE(3.:23) )

GO 70 15

CONTINUE . T
HRITE(3,:33}

CONTINUE

23 FORMAT(//,10X, *NODE NUMBER® 41 5X,* R-COORDINATE®, 10X, * FUNCT ION H{U}?

33

10
13

[2 X2 XK3]

20

30
15

4403
10

1 ¢ 10X, YARGUMENT U*,//) )
FORMAT (// 510X *NODE NUMBER® 415X, ' 2Z~COORDINATE® , 10Xy *FUNCTION W{U)}"

v 10Xy *ARGUMENT U, //)

1
DO 10 I=1,NNOOE

SDRAW=HO-H(I)

SLESS=SORAKH/DENOM

RLESS=X(I,1)/8B
WRITE(3,13)1¢X{I9J)ySLESS,RLESS

CONT INUE

FORMAT (10Xs15,20X¢F10.292{10X4E12.4))}
RETURN

END

SUBROUTINE QMULINBW,QSUM)

COMPUTES NODAL FLUXES AT HWELL BOUNDARY.

COMMON /ASOLV/ISTART(300) (NBAND(300),10{300}
COMMON /BQCAL/VKQ{6C0) ,QHB( 40 )

COMMON /BDISC/RVEC(50)4MOVEC{50),JBD(50),DISP(50)
C OMMON /VCOM/ORX(ZOO).VEL(ZJO)vH(BOOl,lDARCY(ZOO),D(é.b)
DATA NREADyNPRINT/1,3/

DO 10 L=14NBW

1=J8D(L)

1S = ID(I}

IL = ID{I)eNBAND(I)~1

QWBI{L}=0.0 . .
DO 20 J = ISy IL

K=14J-18S

QWB (L ) =QWB(L 14+VKQ{J 1=H(K]

CONTINUE

IF(1.EQ.1) GO TO 15

11 = I-1

IST= ISTART(I)

DO 30 J= IST,Il

K = 11— J+l

P = ID(J) + K

QWB (L) =QWB(L ) +VKQUIPI®H{J}

COMT INUE

CONT INUE

QSUM=QSUM+QWBI(L)
QIEMP=-QWBIL)*2.%3.1416

HRITE (NPRINT 440311 ,QTEMP

FORMAT (/410X 159 15X F12.4)

CONT INUE

RETURN

END

SUBROUTINE QCALC(NBHW, QSUM)
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COMFUTES TOTAL DISCHARGE INTO WELL.

COMMON /ASDLV/ISTAQT(300!,NBAND(3OOP'IO(300)

COMMON /BQCAL/VKQI600),QHUB{40)

COMMON /BDISC/RVECI50) 4 HDVEC(50), 4BD(501,DISP(50)

COMMON /VCUM/ORX(ZOO);VEL(ZQU)'H(300)1IOARCY(ZOO)«O(b.é)
DATA NREADyNPRINT/1,3/ '

HRITE (NPRINT4103)

FORMAT (1H14//420X4 2 9HNODAL FLUXES AT WELL BOUNDARY4///,
1 10X 4HNODE, 16X5 1 4HDISCHARGE FLUX, /)
QSUM=0.0

CALL QMUL {NBW,; QSUM)
QSUM=ABS12.%3.1416%Q5UM}
WRITE(NPRINT,4203}QSUM : :
FORMAT(////4 L0X433HTOTAL DISCHARGE INTO THE WELL = 1Fl0.4)
RETURN

END . :
SUBROUTINE BMDFIX{(HHWy HOyNNODE ¢ NBD s NDW, HDROy NBKy NSCREN 4 R¥)} .

IDENTIFIES NODES WHERE HEAD VALUES ARE PRESCRIBED.

COMMON /ADISC/X(30042),NOD(200s6) yNREP(200),ITYPE(200}
COMMON /BDISC/RVEC(50) ¢NOVEC(50)yJBD(50),01SP(50)
COMMON /WSCREN/XSCR{S5)},HSCR(5)

K=0

NFND=1

D0 30 I=1,NSCREN

XST=XSCR{1)-0.01

XEND=XST+HSCR(I1+40,02

DO 40 J=1,NNODE

L=NFND#J~1

IF(L.EQ.1} GO TO 222

IF(X{L, 1) .GT.RW) GO TO 30

CONTINUE

TFCEX(L42)aLTaXST).ORG{X{L,2) .GT-XEND)} GO TO 70
K=K=1 .

JBD(K) =L

DISP{K)=HW

60 Y0 40 .
IFI{X{Lys2) .GT.XEND) GO TO 30
CONTINUE

NFND=L +1

CONTINUE

J=K

NBW=J !
NST=NNODE~NDRO+1

DD 25 I=NST,HNNODE
JaJ+l

JBD(J) =1

DISP(J}=HO

CONT INUE

NBD=J

RETURN

END
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4.6 LISTING OF TRCOND
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INTEGRATED WELL-AQUIFER SOLUTION SYSTEM.
DEVELOPED BY P.S. HUYAKCRN.
TRCOND ¢ PROGRAM FOR SOLVING TRANSIENT s TWO-DIMENSIONAL, DARCY OR THO~REGIME
FLOW USING RECTANGULAR ELEMENTS OR A COMBINATION OF RECTANGULAR AND
TRIANGULAR ELEMENTS.
VERSTON CATED OCYOBER,1973.
FOR FURTHER INFORMATION,CONTACT
PeSe HUYAKORN OR C.R. DUDGEON
HATER RESEARCH LABORATORY
KING ST.sMANLY VALE

SYDNEYsN.S.H. 2093,AUSTRALIA.

LIST OF INPUT VARIABLES

ALL READ STATEMENTS ARE LOCATED IN THE MAIN

E
*
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~—PROGRAM AND INDICATED BY $1 OR $1,SK SIGN

PROBLEM VARIABLES %%

NUMBER OF PROBLEMS TO BE SOLVED

NPROB =

IVEL = VELOCITY PRINT-OUT INDEX
FEED IN IVEL=0 IF VELICITY PRINT-OUT IS NOT REQUIRED OTHERWISE
FEED IN IVEL=l

IDISCR = DISCRETISATICN DATA PRINT-OUT INDEX
FEED IN IDISCR=0 IF DISCRETISATION PRINT-OUT IS NOT REQUIRED
OTHERWI SE FEED IN IDISCR=1

ORELAX = OVER-REL AXATION FACTOR FOR NON-LINEAR HEAD ITERATION
SUGGESTED VALUE LIES BETWEEN 1.50 TO 1.85 -

RW = RADIUS OF WELL SCREEN

RO = EXTERNAL RADIUS JR RADIUS OF INFLUENCE

HO = INITIAL HEIGHT OR DRAWDOWN OF WATER TABLE

HTOL = HEAD TOLERANCE FOR NON-LINEAR ITERATION ON HEAD VALUES

. SUGGESTED VALUE IS 0.10 OR A FEW PERCENT OF HO-HW

NLAYR = NUMBER OF LAYERS OF WATER BEARING FORMAT IONS -

QFIX = PRESCRIBED WELL DISCHARGE ‘

RCSNG = RADIUS OF WELL CASING :

QRTOL = RATIO OF DISCHARGE TOLERANCE YO PRESCRIBED WELL DISCHARGE

: SUGGESTED VALUE LIES BETWEEN 0.0l AND 0. 02

16P = GRAVEL PACK INDEX,IGP=1 FOR GRAVFL PACKED WELL,
1GP=0 FOR NON-GRAVEL PACKED WELL

1BOUND = EXTERNAL BOUNDARY INDEX
IBOUND=0 FOR BARRIER BOUNDARY OTHERWISE IBOUND =1

IWBC = WELL BOUNDARY CONDITION INDEX
IWBC=0 IF EFFECT OF WELL STORAGE 1S TO BE NEGLECTED OTHERWISE
IWBC=1 .

IKMAX = LAYER OF MAXIMUM PERMEABILITY OR MINIMUM VALUS OF AKLII)

IWAT = INDEX USED TO INDICATE WHETHER THE TOP LAYER IS CONFINED OR
UNCONFINED

THL(I) = THICKNESS OF LAYER NUMBER I

AKL(I) = FORCHHEIMER LINEAR HYDRAULIC COEFFICIENT OF AQUIFER OR AQUITARD

AYER I .

éoa AQUITARD T,FEED IN AKL{T)=1./PML{I) WHERE PML(I) IS ITS
HYDRAULIC CONDUCTIVITY

BKL(I) = FORCHHEIMER NON-LINEAR COEFFICIENT OF AQUIFER LAYER I
FOR AQUITARD I,FEED IN BKL{I)=0.0

VCRL(I) = CRITICAL VELCCITY OF AQUIFER LAYER I
FOR AQUITARD T FEED IN VCRL(1}=0.0

SSL{I} = SPECIFIC STORAGE DF AQUIFER OR AQUITARD [

AGP = UINEAR HYDRAULIC COEFFICIENT OF GRAVEL PACK MATERIAL

8GP =  NOM-LINEAR HYDRAULIC COEFFICIENY OF GRAVEL PACK MATERIAL

VeGP = CRITICAL FLOW VELDCITY FOR GRAVEL PACK MATERIAL

THGP = THICKNESS OF GRAVEL PACK

BTGP = HEIGHT OF THE BASE OF GRAVEL PACK

sy « COEFFICIENT OF SPECIFIC YIELD OF TOP LAYER WATER TABLE AQUIFER
OR AQUITARD

DINDEX = RECIPRUCAL OF DELAYED YIELD INOEX FOR WATER TABLE AQUIFER OR

AQUITARD

DISCRETISATION PARAMETERS %%

NTICR = TOTAL NUMBER OF TIME STEPS

17sT =  STARTING TIME STAP HUMBER

TFACTR = VALUE 0F THE FIRST TIMF STEP,EXPRESSED IN DIMENSIDNLESS FORM
THUL = TIME MULTIPLIER,SUGGESTED VALUE VARIES FROM 1.50 TO 2.00
DTMUL = I NCREMENT OF TIMZ MULTIPLIFR

SUGGESTED VALUE LIES BETWEEN 0. TO 0.02



FRLEN =

SCFAC =
XLMAX =
NDSC =
NSCREN =
IREGL(I)=
-1
NMINL{I)=
NFRL(I} =

XSCRI{I}
HSCR(1)}

H
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LENGTH OF FIRST SUBREGION

SUGGESTED VALUE IS FRLENSRW

FOR GRAVEL PACKED WELL.FRLEN MUST NOYT EXCEED THICKNESS GF PACK
SCALE FACTOR TO BE USED IN COMPUTING THE LENGTHS OF REMAINING
SUBREGTONS.SUGGESTED VALUE IS SCFAC=1,50

MAXTMUM LENGTH OF A BLOCK,PRESCRIBED TO AVOID ILL—-CCNDITIONED
ELEMENTS JMAXTMWM VALUE OF XLMAX SHOULD NOT EXCEED 25.%TH

TOTAL NUMBER OF NOODES ON WELL SCREEN(S)

NOSC IS TO BE GREATER OR EQUAL YO 2

NUMBER OF SCREENED INTERVAL

NUMBER OF REPEATED REGULAR BLOCKS WITH THE SAME NUMBER OF NODES
OR THE LEFT AND RIGHT VERTICAL LINES ACROSS LAYER I

SUGGESTED VALUE IS IREG=2

MINIMUM NUMBER OF NODES ALONG A VERTICAL LINE ACROSS LAYER I
TO MINIMISE THE TOTAL NUMBER OF NODES, SUGGEST NMIN=2

"NUMBER OF NODES 3N PORTION OF WELL BOUNDARY PENETRATING AQUIFER

OR AQUITARD LAYER 1
Z-COORDINATE OF BASE OF SCREEN I ABOVE DATUM
LENGTH OF SCREENED INTERVAL 1

LIST OF OUTPUT VARIABLES

(el R e N el o el e N e N N N e N N N o N N N NNl e N R NN R e N N N e Nl o N N Y e N B Y e N e N Y N e N N e N e N o N o W N R N N o N e W e XY o ¥ o e X s ke s Na X2 ks X2 X2 X2 X s X s X2 X2Xs XaKa Xaks)

"NNODE
NELEM

TLESS
HLESS
1Q

SHW
QAQFR
QSTRGE
QCALL

L I I I I O I I )

qroir

NOD
VEL
VCOMP]
VCOHKP2
IDARCY

TOTAL NUMBER OF NODES IN YHE FINITE ELEMENT NETHORK
TOTAL NUMBER OF ELEMENTS IN THE NETWORK

TIME STEP NUMBER

REAL TIME VALUE AT THE MID-POINT OF TIME STEP IT
REAL TIME VALUE AT THE END OF TIME STEP IT

"RADIAL AND VERTICAL NODAL COORDINATES

NODAL HEAD OR DRAWDOWN VALUES

NODAL VALUES OF DIMENSIONLESS TIME,L/U

NODAL VALUES OF WELL FUNCTION FOR TRANSIENT FLOW,W(U}
DISCHARGE ITERATION NUMBER

DRAWOOWN VALUE AT CURRENT TIME

DISCHARGE FROM AQUIFER INYO WELL AT DRANDOWN SH

DISCHARGE FROM WELL STORAGE

TOTAL CALCULATED DISCHARGE

QCALL = DISCHARGE FROM WELL STORAGE + QAQFR

RESIDUAL DISCHARGE

QRDIF = THE ABSOLUTE OIFFERENCE BETHWEEN PRFSCRIBED AND
DISCHARGE AND CALCULATED DISCHARGE

NODE CONNECYIONS OF ELEMENTS IN THE FINITE ELEMENT NETWORK
ABSOLUTE ELEMENT VELOCITIES

RADIAL COMPONENY OF ELEMENT VELOCITY

VERTICAL COMPONENT OF ELEMENT VELQCITY

INDEX TO INOICATE IF A PARTICULAR ELEMENT BELONGS TO DARCY
OR NON-DARCY Z0ONFE, IDARCY=0 FOR ELEMENTS IN THE DARCY ZONE,
IDARCY=1 FOR ELEMENTS IN THE NON-DARCY ZONE

DIMENSION JDARCY(500C)
COMMON /W SCREN/XSCR{S},HSCR(5?
OMMON /ACOFE/VCORE(2000)
EU%HON IALAYR/AKL(S).BKI(3),VCRL(3),SSL(3),THL(3):IREGL(3’1
INMINL (3 ), NFRL(3),PML(3)
COMMON /ADISC/X(300.2).“00(200.6),NREP(ZOO).ITYPE(ZOO)



OO0 000

1773

993

1003
1013
1023
1033

1011
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COMMON FAELEM/BA(LS50) s SLX(150,6)ySLY {150,363 SELKEG:6) 4EK(6:6)
COMMON /BELEM/E(64643)¢F 1646430, DSHFZI2,6)

COMMON JCELEM/ELK(3¢34150),801506,3),C(150,3),AREA(L50)
COMMON JASOLVZISTART(300) (NBANOLI300),1D(300)

COMMON /BSOLV/CHKI300,13,VK{2000}

COMMON /ATIME/TIME(60) SH(60) ,0SH(5) ,QCALC(5)

COMMON /CSOLV/VD(2009), HINT(390,11,1PROPI 200}

COMMON /VCOH/URK(ZUUJ.VFL(?OD!,Ht3001|IDQHCY{2001.D(6p61
COMMON /BQCAL/VSLA00) 4QwD(40])

COMMON /BDISC/RVECIS0) 4 NDVECI 501, JBD(50)DISPL50)

COMMON JALEAK/QLEAK (50) +HCOLD (50) y HF LS04 FINT(5041) 4GP(40)
COMMON FADPARA/TLESSI300) 4HLESS (3601 +GK{300,1), VDTOP(200)
DOUBLE PRECISION DEXP, ARGU

DATA NREAD,NPRINT/L,3/

drdehde kb bk
* *
* BLOCK 1 =
¥ *
Fhfwfdhdokbdok ik

PRINT INITIAL HEADINGS

HRITEINPRINT,1773)

FORMAT(YLY)

HRITE(NPRINT, 1003}

HRITE (NPRINT, 10131}

WRITCUNPRINT, 1023)

WRITE (NPRINT;1013)

HWRITE[NPRINT,1033)

WRITE{NPRINT,1013)

HRITE(NPRINT,1003)

FORMAT {17, 4X,51H #¥dddtdikmkikkddpoiokddodobdohh ko fn ki kk xonshkE
1%%)

FORMAT {5X 3 S1H sokkaokok s ook bk ok g doofoo ok kg ook o shof ook sede ookt ok )
FORMAT(5X,51H * . *)
FORMAT {5X,51H * FINITE ELEMENY ANALYSIS OF WELL PROBLEMS %}
FORMAT (6X, *% TRANSIENT, TWO REGIME FLOW TOWARD A SINGLE WELL %]
READINREAD, LOLLINPROBsIVEL,10ISCR,ORCLAX $1
FORMAT (3110, FL10.2)

DU 4800 JPRO=1,NPROB

HRITE{NPRINT,90031JPRO

9003 FORMAT(///420Xs50{ " %%}, /,20X, "*%,13X,*PROBLEM NUMBER =%,

[
C
C

2001

1 T69 12Xy %% 4/ 420X,50(V%*))
READ AND PRINT GENERAL DATA.
REAGINREAD; 2001 IRWy PO, HOs HTIL «+ NLAYR . $1

FORMAT (4F10.2,110)
READ (NREAD, 2011QFIXRCSNG, QRTOL ) : 51

201 FORMAT(3F10.2)

111

23

2193

193

c
¢
c

6013
3013

7013

17

READ(NREAD, 111 }IGP,; IBOUND,IWBC s IKMAX y IWAT ) : $1
FORMAT(S5110} .
TAQTA=TIWAT
HRITE{NPRINT s 23) RWy RO, HN, RCSNG
WRITEINPRINT y2193)QFIXsCRTOLy ORELAX,HTOL
WRITE(NPRINT y193)IGP, IBOUND, IWBC, IKMAX
QRTOL=QRTOL*QFIX/2.0
FORMAT (/7 /2 20Xy "GENECRAL DATA® 4/ // .

10Xy *RADIUS OF WELL =ty Fl0.20/ /7

10X, *RADIUS OF INFLUENCE =t ,F10.24// ¢

10Xy "HEIGHT OF WATER TABLE =V ,WFl0.2¢//

10X, *RADIUS OF WELL CASING =% ,F10.25//)
FORMAT L 10X, *DISCHARGE INTO WELL =V F10.24//

10X, *DISCHARGE TILERANCE RATIO =V Fl2.40//

10X, "OVER RELAXATION FACTOR =t Fl2e.44/ 7

10Xy *HEAD TOLERANCE = F12.4477)
FORMAT(10X,* GRAVEL PACK INDEX =V 1547/

LOXy* BOUNDARY INDEX =V, 154//

10Xy "HELL BsCa INDEX =4, 0547/

10Xy *LAYER OF MAX PERMEABILITY =t,15)

WA Ll

RS

READ AND PRINT MATERIAL DATA

HRITE(NPRINT,,60113)

FORMAT (/7 /¢10Xy * FORMATION PRIPERTIES®,//.

1 10X, *LAYER NOL* ¢5X,* THICKNESS® 45X, ' COEFF-A",
2 5X,'COEF-B®,5X,"'CRIT., VELOCITY"y5k,*SPECIFIC STARAGE',//}

DO 17T Y=1:NLAYR S NLAYR#**
READ(NREAD,3CL3)THL {1} + AKLCI),BKL (1) 4VCRLET),SSLAT) $1
FORMAT (5£10.2)

GCR=AKL (] }*VCRL{I)+PKL{T)#VCRL (1) *%2

PMLIT ¥=1. /AKLIT)

TFIGCR.GT.0.) PML{TY=VCRLITI/GCR

WRITC(HPRINT yTOL 3T o THL(I 1 AKLIT)BRL{T I, VCRLLTD, SSLLTY

FORMATI 10X, 15, 9%, F9.2y 3(5XsEF 2}y 9KsEY.2)

SSL{I #=55L(11%1000. /e
CONTINUE .

RGP=RHW :

IFLIGP.EQ.0) GO TO 29
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READ(NREAD; 3311AGPy BGP V6P, THGP BTGP $1,5K
331 FORMAT(5F10.3)
RGP=THGP+RYW
GRGPuAGP*VYGP +BGP *VGP*%2
PMGP=1./AGP
IF(GRGP.ME.O} PMGPx=VGP/GRGP
HRITE(NPRINT,153)1AGPBGP, VGPy PMGP
153 FORMAY(///+20X; SGRAVEL PACK PROPERTIES'///
LOX¢* COEFFICIENT A =*,F10.47/
10Xy *COEFFICIENT B8 = ¢ ,F10.4//
10Xy ' CRITICAL VELDCITY = t,F10.4//
10X * COEFFICIENT K = ¢ ,F10.4)
HRITEINPRINT,163) THGP,RGP
163 FORMAT (10X, ' THICKNESS OF PACK = ',F1G.2//
1 10Xy *RADIUS OF PACK = *,F10,2)
29 CONTINUE

W -

c
g FOR WATER TABLE AQUITARD READ DELAYED YIELD DATA.
IF(IAQTA.EQ.O} GO TO 117 :
READ(NREAD, 173}SY,DINDEX : ' ‘ - $148K
173 FORMAT (2E10.2)
SFAC=DINDEX*SY /6.
DINDEX=DINDEX/1000.
- 117 CONTINUE
c
C READ AND PRINT DISCRETIZATION DATA.
. .
READ(NREAD: 121INTICR,ITSTTFACTR, THUL, DTMUL .81
121 FORMAT (2110, 3F10. 2)
NNODS =1
C
c GENERATE ELEMENTS OF VECTOR TIME.
C .
TH=THL{ IKMAX)
PH=PHL { IKMAX)
$S=SSL{IKMAX)
BK=BKL { IKMAX)
BKMAX=BK
TPAT=1
NTICP=NTICR+1 )
CALL TIGEN(NTICPyTFACTRsTHUL ;DTMUL sRH,PM,SSsIHBCQF IXs TPAT)
c .
c READ AND PRINT DISCRETIZATION DATA.
c . :
READ{NREAD, 901 )FRLEN, SCFAC, XL MAX ; $1
901 FORMAT(3F10.2)
READ(NREAD, 801)NDSC¢NSCREN . ¢1
801 FORMAT (2110) " : : v
IPENTR=0 .
DO 602 I=14NLAYR : ' *NLAYR¥%
READ(NREADleOllIREGL(II,NMIVL(I).NFRL(I) : $1
1901 FORMAT(3110) .
602 CONTINUE : _ ; /%
¢
c READ WELL SCREEN DATA
c

HRITE(NPRINT,553) i
553 FORMAT(///945Xs*SCREEN NOJ* 410Xy *BASE HEIGHT'® 414X, 'LENGTH',//)

SCLEN=0.0
DO 702 I=1,NSCREN - %*NSCREN®
READ(NREAD, 601 )XSCR(I}4HSCR{I} . $1

601 FORMAT(2F10.2)
SCLEN=SCLEN+HSCR(I}
WRITE(NPRINT,563)1 yXSCR(!)'HSCR(I!

563 FORMAT(7Xy16413XyF11.248X4F10.2}

702 CONTINUE . 1%
g GENERATE AND PRINT DISCRETIZATION DATA.
¢ CALL GXNODR(FRLEN, SCFAC,XLMAK s RWyROy NNODE;NELEM, LVEC, NLAYR, IPENTR,
1 IDISCR)
MODIFY IPROP.

[2 X s X el

DO 1544 1=1,NELEM
J1=NOD(Iy 1)
J2=NOD(],42)
XCEN=(X(JL,11+X(J2,1)1%0.5
IF(XCEN.GT.RGP) GI TO 1545

1544 CONTINUE

1545 CONTINUE
IF(TAQTA.EQ.0) GO TD 166
CALL VDFBILVEC)
DO 176 1=1,NNODE
HINT(Iy1)=0.0

176 CONTINUE

166 CONTINUE

c FIND BANDWIDYHS ETC.
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233

130

235
335
135

642

1345

1245

3545
1445

245

CALL EBFINRULEN,NELEM,NNyNNODE)

HRITE (NPRINT,233)LEN :
FORMATU////774 10Xy 25HLENGTH OF GROSS VYECYOR = ,18.//)
DO 130 I=1,LEN :
vD(1)=0.0

CONT INUE

NNP =0

NT=0

DO 135 IE=1,NELEM

NN=ITYPE(IE}

IF(IPROP(IE)}NE.O) L=IPROP(IE)

SC=SSL (L)

IF(NN.EQ.3) GO TO 235

CALL ELGHDR{NT,SC,1E,DET,NNP}

GO TO 335

CONTINUE

CALL ELGND3{NT,SC,IE}

CONTINUE

CALL MERBDI(NN,IE)

CONTINUE

CALCULATE HEAD AT VARIOUS TIME VALUES

TMIS=TH®PM

FPI=88./7.
CUNST=QFIX/(FPI*TMI S}
DIFFUS=PM/SS

LVST=2

NST=NDVEC (1)
LSTEL=NOVEC( 1)
NELYO=NEL EM

DO 642 I=1,LVEC
HCOLD(1)=0. ‘ ,
HF(I)=0. A , , -
FINT(1,1)=0,

QLEAK(T)=0.
IFCITST.EQ.L) GO TO 1245
CALL HREAD(NNODS,1,1)
CALL HPUNCH{NNODS,3,1)
CALL HREAD(NNODSy142)
CALL HPURCHULVEC, 3, 2}
IST=NNODS +1

DO 1345 I=1ST,NNODE
H(I)=HO

CONTINUE

GO TO 1445

CONT INUC

. DD 3545 I=1¢NNODE

HIT )=HO
CONTINUE
CONTINUE

DO 245 I=1,NNODE
HINT(I+1)=H(I)
CONTINUE
DELT=TIHME (1)
NDTO=NNODE
ITMIN=NTICR

[xX2Ne}

©

QAQFR=2.%QRTOL
SWOLD=0.0

ESTIMATE WELL DRAWDOWN FOR FIRST TIME STEP.
CALL DSHINT(DSDLD.BK'QFIX,THIS.TH,RH.SCLEN'DIFFUS'CUNSTl

DSOLD=0.6%DSOLD

(s X2 X3

299

683

157=1

FQ=0.0

NQITER=5

1F(IWBC.EQ. O) RCSNG = O-
SET JDARCY.

D0 299 I=1,NELEM
JDARCY (1)=0
CONTINUE

LOOPING WITH LOOP PARAMETER IT=1,NTICR

DO 7007 IT=IT5TNTICR ‘
ITCUR=1IT

IF(IT.GT.1) DELT=TIRE(ITI-TIME(IT-1}
TH=TIMELLT)

LVSY=LVEC

NST=RNNODE

TMH=TM-DELT*0.5

MRITE{NPRINT,6831IT b7 LOK, T4 4X

X350 %)/ . 24Xe

IFORMAT[///,}TIAE STEP NUMBER 20, [S5e5Xe %0, /410Xe35("%%))
THIL=TMM/1000.
WRITE(NPRINT333)}TMIL
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333 FORMAY(// /410X 41( %),/ 10X, Y%, QX 'TIHE =,
1 EL4.3,6X "% /410X 4L0i %1 ),//)
HRITE(NPRINT 4 343 )R NNODE y NELEMyL VST
343 FORMAT (/4 10X, *FSTIMATED RADIUS OF INFLUENCE =9,F10.2,
1//4 10X, *CORRESPONDI NG NQ. OF NODES  =v,15,//,
210Xy *CORRESPONDING NJ. CF ELEMENTS =043 1557/7
310X 'COGRRESPONDING COMPONENT OF VECTOR NOVEC =0,15,/7}

COMPUTE DIMENSIONLESS TIME.

(e X 2Xg

CONS=4.0%DIFFUSHTHMM

DO 709 1=1,NNODE

TLESS (I 1=CONS/X(Is1)%%2
709 CONTINUE

FOR WATER TABLE AQUITARD, COMPUTE BOULTON'S INCREMENTAL DELAYED YEILD.

(e X2 X g}

IF(JAQTA.EQ.O0) GO TO 777

ARGU=-DINCEX*DELT*0.5

TERM=DEXP (ARGU)

ES=SY*(1.0-TERM)

HWRITE{NPRINT,903]) ES

ES=ES*1000. :
.~ 903 FORMAT(///4*EFFECTIVE SPECIFIC YIELD =t4E14.4)
. 77T CONYINUE

INITIALISE HEAD VALUES.

[2 X2 Xy

IF{IT.EQ.1) GO TGO 165

677 CONTINUE .
DO 155 I=1,NNODE
HINT(I,1)=H(1)

155 CONTINUE

165 CONTINUE
CALL EBFINR{LEN, NELEM,NN,NNODE}

. DD 2722 I=LVST,LVEC

IF(NSTL.GT.NDVEC(I)] GO TO 2722
JJ=NDVEC! I-1)
JF=1
GO JO 2822

2722 CONTINUE

2822 CONTINUE
LMB=NDVEC {JF}-JJ

"CALL VECMUL (NNODE,LEN)

FOR WATER TABLE AQUITARD,ADD BOULTON'S DELAYED YIELD.

o000 o

IF(IAQYA.EQ.O0) GO TO 278

CALL GVMUD(LVST,ES, I

IF(IT.EQ.1) GO TO 278

FTERM=0.5%DELT*SFAC

CALL GKMOD(LVST,FTERM)

278 CONTINUE

HW=HO

NDW=NDVEC(1)

NDRO=LMB

CALL BMDF IX{ HHy HOy NNODE {NBDyNDWy NDRD¢NBH,NSCRENyRH)
IF(IBOUND.EQ.O} JBDINBW+1)=0 .

STORE ELEMENTS OF MATRIX GK FOR DISCHARGE COMPUTATION.

[ X aXa)

00 1378 I=1,NBW
JJ=480( 1}
1378 GP(1)=GK{JJs1}

SET UP LOOP FOR WELL DISCHARGE ITERATION.

aOM

DO 993 IQ=1,4NQITER

DO 1559 I=1,NNODE"

HOI)=HINT (I, 1)
1559 CONTINUE

c
(# SET IDARCY
c
DO 99 I=1,NELEM
IDARCY (1)=JDARCY(I)
99 CONTINUE
c
c ADJUST VALUE OF WELL DRAWDOWN.
[

WRITE (NPRINT, 5003}
5003 FORMAT(/, 5%, 301"~ *1)
CALL FQSET(IT,ITIUR,DELY,FQ,TPAT)
CALL SWMODIIQ,IT,RCSNG,OFLT,QFIXy QAQFRy SWOL 0y DSOL D, TPAT,FQ)
HRITE(NPRINT,8233)11Q,0SW{TIQ),SHIIT)
833 FORMAT(///,10X,*DISCHARGE ITERATION NUMBER =t 311047/
1 10X, *DRAWDURN TNCREMENT =t 3F10.39//s
2 10Xy *DRAWDOWN VALUL =%, F10.31}
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755

365

465

565

350

(e Nale

OO0

978

555

530

98
378

415

460

450

900
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SET UP LOOP FOR ITERATION ON HEAD

DO 1177 1=1,NOW

DISP(I)=SH{IT)}+HD

CONTiNUE

NITER=S

TF(BKMAXLLE.0.0) NITER=1 .
VCOUNT =0

D0 999 11I=1,NITER

INITIALISE VECTOR CK.

DO 305 I=1,HNODE
CK(!'1,=GK(It1’
CONTINUE

FORM VECTOR VCORE.

DD 300 I=1,LEN

VCORE(I)=0.0

CONTINUE

NT=0

NDIFF=2

CALL INFLUC(NN,NDIFF)

DO 350 I=1,NELEM

MN=ITYPE(I)

IF{IPROP(I}.EQ.O0) GO TO 755 -
L=IPROP(I}

AKK=AKL(L)

BKK=BKL(L}

PKK=PML{L}"

GO TO 365

CONTINUE

AKK=AGP

BKK=BGP

PKK=PMGP

CONTINUE

IF(NN.EQ.3} GD TO 465

CALL ELGNCR{I¢IT1,AKK, BKKsNT, PKK)
GO TO 565 :

CONT INUE

NT=NREP(I} )
CALL ELGHNCT(I,111,AKK,;BKK NT, VCOUNT,PKK) .
CONTTHUE -

CALL MERB3I{NN,I)

CONTINUE

INITIALISE VECTOR VK.

DO 978 I=1,LEN

VK{I)=0.0

CONTIMUE

JF{1AQTALEQ.O) GO TO 555
CALL GVHODILVST4ES, 0}
CONTINUE®

D0 530 I=1.+LEN
VK{I)=VCORE{I)*DELT*0.5+VD(I) ¢+VK(I)
CONT INUE

NLEN=0

JJ=JBD{NBH)

DD 98 I=1,J4
NLEN=NLEN+NBAND( 1}
CONTINUE

DO 378 1=1,NLEN

vS(ll=vk(I)
SOLVE EQNS BY BANDED EL IMINATION SCHEME

NLL=1
CALL SYMSOL(NNODEsNLL)

IF(I11.EQ.1) GO TO 900

CONTINUE

NCOUNT=0

EMAX=0,0 ’

DO 450 I=1,NNODE
EPSI=CK(I,1}-H(I)

IF(ABS{EPSI} GT.EMAX) EMAX=ABS(EPSI)
IFIABSIEPSI) JLELHIOL) GO TO 460
NCOUNT =NCOUNT +1
HE{T)=H({I)+IRELAX*EPSI

GO TO 450

CONTINUE

H{I)=CK(I,1)

CONT INUE

IFINCDUNT .EQ.O) GO TO 1000

GO TO 1999

CONT INUE

D0 950 I=1,NNODE

HII)=CK(I 41}
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950 CONTINUE
1999 CONTINUE
IF(NITER.EQ.L) GO TO 959
DO 199 Is=1l,NELEM -
NT=NREP(I}
NNsITYPELT)
TF{IPROP(I).EQLQ) Ln!
IF(IPROP(I).HNE.O) L=IPROP(I)
AK=AKL (L}
BK=BKL (L)
PMK=PML(L}
VCR=VCRL(L}
CALL SETARGIAGP,BGP, PMGP.vGP,AK BKyPMKsVCR41)
TFINN.EQ.3) GO TO 399
CALL VCHECR(I¢AKyBKoNTPMKyVCRyHRRXsHRRY NN}
GO TO 499
399 CONTINUE
J1=NOD(I, 1)
J2=NOD(1,2)
J3=NOD(1,3)
CALL vCHEcalI.Ax.BK.Jx.Jz.Ja.NT.PHK.VCR HRRX4 HRRY)
499 CONTINUE
199 CONTINUE
999 CONTINUE
1000 CONTINUE
. WRITE(NPRINT,413) IT] :
413 FORMAT(// /410Xy *NUMBER OF ITERATIONS REQUIR‘D =1,15)
WRITE{HNPRINT 473 )HCOUNT sEMAX
4T3 FORMAT(//,10X, *TOLERANCE COUNTER FOR HEAD =',13,//»
1 10X, *ABSOLUTE MAXIHMUM ERROR IN HEAD =1 F12.4)
DO 470 1=1,NNODE
H(I)=CK{(I,1)
IF({ITCURLGTIT) tAND.{ IG.EQ.L}) TLESS{IN=TLESS(I}*TH/TMM
HLESS{T)}=(HO=H(I1}/CUNST . )
470 CONTINUE

c
c CHECK FOR ACCURACY OF DISCHARGE RATIO.
c
DWD=DSW{IQ}
CALL AQDIS(NBW,QAQFR,QRDIF,DELTyTHyRCSNG,IQ,QFIX,D¥D}
-C
C
c PRINT FINAL DISCHARGE VALUES.
c :

QCALL=QCALCILIQ)
QSTRGE=QCALL-QAQFR
WRITE(NPRINT41203)QAQFR,QSTRGE,QCALL +QRDIF
1203 FORMAT(///,10X,'DISCHARGE FROM AQUIFER INTD WELL =t F12.44/7

1 10X, *DISCHARGE FROMM WELL STORAGE ='3F12.3,//,
1 10Xy *YOTAL CALCULATED DISCHARGE =1 ,Fl4.34//
210X, *RESIDUAL DISCHARGE k =t ,FL0.4)

’ IF{QRDIF.LE.QRTOL) GO TO 1102
998 CONTINUE
1102 CONTINUE

C
c RESET JDARCY.
Cc

DO 3359 I=1,NELEM

JDARCY (1) =IDARCY(1]
3359 CONTINUE

SHOLD=SWLIT)

CALL ROUT (NNODE)

COMPUTE AND PRINT ELEMENT VELOCITIES

OO0

TIF(IVEL.EQ.0) GO TO 557

RITE{NPRINT,4203)
4203 gﬂéﬁﬁ:(///, 6x‘l‘tttttttst**$t$*¢ttttt#*ttt**tttttttﬁtttl/

1 ' 20X, '%* ELEMENT VELOCITIES w1y
Zox,'**t’**t#ti*t*ﬂttttttt*t*t!t*tit$t*$ttttt‘I[[

310!|'ELFH NO.*,10X, "RADIAL VEL'" 310Xy "VERTIC VEL* 10X, *IDARCY* 4 // /)
DO 3000 I=1,NELEM

NT=NREP(I)

NN=ITYPE( I}

IF(IPROPIT).EQ.O) L=1

IF(IPROP(I).NE.O)} L=IPROP{I)

AK=AKL{L)

BK=BKL (L)

PMK=PMLI(L)

VCR=VCRLIL}

CALL SETARGIAGP:BGP 4PMGPyVGPy AK, BKysPHMK,VYCR, 1)

IF(NN.EQ.3) GO TO 3999

CALL VCHECH!I4AKeBKNT o PMKy VC RyHRARX s HRRY ¢ NN}

GO TO 49599

3999 CONTINUE

J1=NOD(TI,1)

J2=N0OD({ 1, 2)

J3I=NOD(1, 3}

CALL vCHEC3II'AK'BK'leJZ'JB.NT.PHK.VCR.HRQX.HRRYI

4999 CONTINUE
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8007
6007 CONTINUE
7007

o060

(s Xa K2l

577
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VEOMP L x-VEL T ) *HRRX

VCOMP 2=—VEL{ I } *HRRY
WRITE(NPRINT 1103} 1,VCOMPL,VCOMP2, IDARCY(I)
FORMAT{10Xs15¢2(10X4FL0.3)410Xs15])
CONTINUE

CONTINUE

IF{IT.GT.ITHIN} G3 TO S77

TEMPORARY BLOCK.

IF(ITCUR.GT.IT) GO TO 7000
THMIL=TM/1000.
HRITE(NPRINT,333)THIL
ITCUR=IT+1

GO 10 677

CONTINUE

OBTAIN HEAD VALUES AT THE END OF TIME INTERVAL BY EXTRAPOLATION.

TMIL=TM/1000.
WRITE{NPRINT 4333}TMIL

DO 477 I=1,NNODE
TLESS(I)=TLESS({I}*TM/TMM
H(I)}=2.0%K(I)~HINT(Is1)
HLESS (1)=(HO-H(I})/CUNST

4TT CONTINUE

SHTEMP=SHOLD

SWOLD=H({11-HO

QFR=QAQFR
DWTEMP=SWOLD—-SWTEMP
QAQFR=QFR*SHOL D/ SHTEMP
ACSNG=22. ¥*RCSNG¥%2/ 7.
TRM=ABS(ACSNG*DOWTEMP*2. /DELT)
QCALL=QAQFR+TRM*10. %*%*3
QRDIF=ABS (QFIX—-QCALL}
SW{1T)=SWOLD

QSTRGE=QWSTR .
HRITE(NPRINT 412031 QAQFRsQSTRGE;QCALL ,QRDIF

T009 CONTINUE

CALL ROUT (NNODE)

7000 CONTINUE

FOR WATER TABLE AQUITARD,COMPUTE FIRST PORYION DF BOULTON'S INTEGRAL.

IF{IAQTA.EQ.0) GO TO 6007
DO 9007 I=1,LVST
L=NDVEC(I)

HE{T)=H{L)
FINT{1,1)}=HINT(L,1)

9007 CONTINUE

CALL BSIMPILVST,TH,; DINDEXsSYs DELT+1T4+0}
DO 8007 1=1,4LVST

L=NDVEC(I])

HCOLDI I )=R(L}

CONTINUE

CONTIKNUE
PUNCH DUT SOLUTION AT FINAL TIME.

CALL HPUNCH{NNODE,2,1)}
CALL HPUNCH(LVEC,2,2)

5000 CCNTINUE

CONTINUE

sSToP

END : :
SUBROUTINE GXNODR{FRLENs SCFAC y XLMAX,R¥¢ROyNNODE 4 NELEMsLVEC, NLAYR,
LIPENTRy IDISCRY)

GENERATES DISCRETIZATION DATA.

COMMON /CSOLV/VD (2000} 4 HINT{3C0,1),1PROP(200])

COMMON /AOISC/X(30092),NDD(200'6).NREP(ZOO).ITYPE(ZOO)
COMMON /BDI SC/RVEC{50) ¢NOVEC(50) ¢ XLEN(100)

COMMON /ALAYR/AKL(B),UKL(B),VCRL(3)'SSL(B)pTHL(3)-IREGL(3l.
INMINL(3),NFRL(3),PMLI3)

COMMON /AELEN/NTRAN(491001'NHl(6,100).NHZ(‘.IOO).NDBI(4.IOD).NDBZ(
1441003, HDWB( 22}

DATA NPRINT/3/

CALL DCRGN3(RO,RWySCFACsFRLEN ¢ NRRy XLMAX)

NRST=1

THY0=0.

NSTFR=1

NOWB(1}=0

DO 10 I=1,NLAYR

THTO=THTYO+THL(I)

NFR=NFRL{I)

NOWB( 1) =NCWB{1)+NFR

IREG=IREGLIT )

NMIN=NMINLIT)
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CALL NCRGRYL(NFRyIREGyNRRyNMIN NSTFRyNRST,IPENTR,I}
CONTINUE

CALL NCRGRZINRST NRRyNLAYRyNSTFR]

IFCIDISCR.EQ.0} GO TO 94

HRITE(NPRINTy 33INLAYR, NRR

FORMAT (*1*,20X,*DISCRETISATION BATA',/?.

1 10Xy "HUM3ER UF LAYERS "WI5:7/
2 10Xy *NUMBER OF SUBREGIUNS =1,]5}
CONTINUE

DISCRETISE ENTIRE REGION INTO RECTANGULAR ELEMENTS.

KCREP=1

NSTOR=1

NTSEL=1

DO 65 T=NRST,NRR

DO 691 L=1,NLAYR
M1=NH1(L, 1)

N2=NH2(L, 1)
NFNDL1=NDB1(L, 1}
NFND2=NDB2(L 1)
NPAT=NTRAN(L, 1)
IF(NPAT.NE.O) GO TO 791
"CALL RBLOCK(KCREPj N1.NFth.NFNDZfNPhT.NTSELl
GO YO 891

CONTINUE -

CALL BBLOCKIKCREP,N1,NFND1,NFND2,NPAT,NTSEL}
CONTIHUE

NELEM=NTSEL~1

DO 68 IE=NSTOR,NELEM
IPROP (TE) =L

CONTINUE

NSTOR=NTSEL

CONT IHUE

CONTINUE

PRINY OUT ELEMENT DATA.

NELEM=NTSEL-1

IF{IDISCR.EQ.0) GO TO 104

WRITEINPRINT,83)

FGRH&T(III;LOX"IDENT!F!C&TIGN OF ELEMENT-NODE CONMECTIONS';/II,
112Xe*ELEM NO' 35Xy *TTYPE'y5Xy*NREP®* 45X, " IPROPY 45Xy *NUDEL "y 5X
1L'NODE2* 45Xy * NODE3* 5 5X4 * NODE4' 4/ /)

DO 80 JI=1,NELEM

NN=TTYPE(T)

WRITE(MPRINTs93) I, 1 TYPE(T}4NREP{I)IPROP(I), (NUDlIcKi K=1 yNN}

FORMAT L12X,9115:5X))

CONTINUE

CONT INUE

GNERATE NODE COORDINATES.

RI=RHW

NS=1

MM=1

DO 75 I=NRST,NRR
DXG=XLEN(I]
11=0.0

DD 8T L=1,NLAYR
TH=THL (L)
NN=NH1 (L, 1}

CALL CODRDC{NS.Hq NNyOXGy THeRI421)
21=TH

NS=NS~1
RI=RI-DXG
CONTINUE
RI=RI1+DXG
NS=NS+1

CONT INUE

11=0.0

DO 877 L=1,NLAYR
TH=THLIL}
NN=NH2 (L, NRR)
CALL COORDCINSyMMyNNsDXGe THyRI4 21}
21=TH

NS=NS-1
RI=R1-0XG
CONTINUE

NNOGDE = NS

IE(IDISCR.EQ.00 GO 7O 114

WRITE{NPR 11T, 103)

FORMAT(// /410X " HODAL COCRDINATES Y4/ /910Xy *NODE* 95Xy
L*R-COORD' 45Xt 2-CUGRD* 4/ /)

DO B85 I=1,HNODE
HRITE(NPRINT;lllilel!'ll.XII.Zi
FORMAT(10Xs14,2FL1. 21
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CONTINUE
CONTINUE
GEMERATE TOP BOUNDARY COORDINATE VECTORS.

NOTO=NS .
CALL TOPVEC(THTO,LVEC,NDTO}

PRINT OUT BOUNDARY COORDINATE VECTORS.
WRITE{NPRINT,223)
FORMAT(// /420X, * TOP BOUNDARY NODES AND RADIAL COCRDINATES 4 /77, -

110X, 'NODE NUMBER®*, 20Xy 'R~COJRDINATE® ,//}

335
333

DO 335 I=],LVCC

KRITE(NPRINT y333)INDVEC(1) ,RVEC(])

CONTINUE

FORMAT (10X, 17425%X,F10.2)

RETURN

END

SUBROUTINE NCRGRLUINFRy TREGsNRRyNMINy NSTFRyNRST IPENTR,L )

© GENERATES DISCRETIZATION PARAMETERS:— NTRAN,NHY yNH2 {NDB1,NDB2

COMMON /AELEM/NTRAN (45 100) g NHL (44 100),NHZ (441003, NDBL(4,100),
INDB2( 4y 100)s NDWB(22)

NC=NFR

NCOUNT=0

D3 10 I=NRST,NRR

IRGG=1REG
JEC(I.EQ.NRST) .AND. {IPENTR.NE.O)} IRGG=0
NCOUNT=NCOUNT+1

IFINCOUNT .LTL.IRGG) GO TO 20

NCOUNT=0

NHALF=NC/2 .

NREM=NC~2*NHALF

IF(NREM.GT.0) GO TO 15

NC1=NC—-1

IF(NC1.LT.NMIN)} GO TO 20

NTRAN(L,I)=2 :

NC=NC1

NH2{L,I)=NC

NHLIL,T)=NC+1

GO T0 10

15 CONTINUE

20

10

RCL=NHALF +1 . s
IF(NC1.LT.NMIN] GO TO 20 .
RTRAN(L,])=1

NC=NC1

NH2(L,1)=NC

NHL(L 4 I )=2*NH2(L, 1)1

GO TO 10

CONTINUE

NH2(L, I)=NC

NTRAN(L,1)=0

NHI(L,I)=NH2(L,I)

CONT INUE :

RETURN

END

SUBROUTINE NCRGR2{NRSTy NRRyNLAYRyNSTFR}

MODIFIES THE VALUES OF NDB1 AND NDB2.

COMMON /AELEM/NTRAN({4,100)yNHL( 4y 100},NH2{4+100),NDB1(4,100],

INDB2{4,100),NOWB{22)

55
56

S0

65
60

15

NDBC=NSTFR
DO 50 J=NRST,NRR

NDB1{1,J}=NDBC

IF(NLAYR.LT.2) GO TO 56

DO 55 L=2,NLAYR

NDBL{L,J)=NDBL(L-1yJ) +NHL{L=1,J)~1

CONT INUE

CONTINUE

L=NLAYR

NDBC=NDB1 (L, J) ¢NHL(LyJ)

CONT INUE

NR1=NRR-1

D0 6C J=NRST,NR1

DO 65 L=1,NLAYR

NDB2(L 4} =NDBL(LJ+1}

CONTINUE

CONTINUE

NDB2(1,NRR) =NDBC

DO 75 L=2,NLAYR

NDB2{L 4NRRI=NDB2(L~1,NRR}4NHZ (L1 NRR}~1L
CONTINUE S

RETURN

END

SUBROUTINE DCRGN3(ROyRH;SCFACFRLEN NRRy XLMAX ]

GENERATES DISCRETIZATION PARAMETERS:~ KRRy XLEN



[2XaXy)

10
20

COMMON /BDISC/RVEC(50) ¢NOYECI 50}, XLEN{ 100}
HAXNR=89

XLEN{ L )=FRLEN

RLEN=RO-RW

SUM=XLEN{ 1)

DD 10 [=2,MAXNR

XLENCI) =XLEN(I~1)%SCFAC
IFOXLENCT ) oGV XLHAX) XLEN(I)=XLMAX
SUM=XLEN(I)+SUM

IF(SUM.GY.RLEN) GO TO 20

CONTINUE

CONT INUE

XREM=RLEN+XLEN{I }~SUM

NRR=T]

DENOM=1 . +SCFAC+SCFAC*%2
XLEN{I=2)=(XREM+ XLEN({ T~1)+XLEN{I~2) ) /DENOM
XLEN{I-=1)=XLEN({I-2)*SCFAC
XLENCT)=XLEN(I-1}%SCFAC

RETURN .

END

* SUBROUTINE RBLOCK{KCREP{N14NFND1y NFND2,NPAT NTSEL} .

50
40

200

260

aon

20

50

70
60

90
80

GENERATES ELEMENT CONNECTIVITIES IM BASIC RECTANGULAR BLOCKS.

"DIMENSION ND(1,6)

COMMON /ADISC/X{30042)4NOD(200,6) yNREP({200),ITYPE(200)
ND{1,1)=NFNDL
ND(1,2)=NFND2
ND(1,3)=NFND2+1
ND(1,4)=NFND1+1
IF(NPAT.EQ.1) GO TO 200
NTEMP=N1-2

NST=NTSEL
NLST=NST+NTEMP

DO 40 J1=NST,NLST
NREP( J1)=KCREP
ITYPE(JL) =4

DO 50 K=1,4
NOD(JLsK)I=ND(14K)+(JL=NST) .
CONT INUE

CONTINUE
KCREP=KCREP+ 1
NTSEL=NLST+1

G0 TO 400

CONTINUE _
ND{1,5)=ND(1,4)
ND(1,4)=ND{1,5)+1
N2=N1/2+1

NTEMP=N2~2

NST=NTSEL
NLST=NST+NTEMP

DO 260 JL=NST4NLST
NREP( J1)=KCREP
1TYPE{J1}=5

NI=J1-NST
NOD(J1,1)=ND(1,1)4+2%NI
NOD(J1y4)1=ND(1s4)+22NI
NOD{J1yS5)=ND(145) +2*NI
NOD(J152) =ND(L,2)+N1
NOD(J1,3)=ND(1,3}+NI
CONTINUE
KCREP=KCREP+1
NTSEL=NLST+1

CONTINUE

RETURN

END

SUBROUTINE COORDC(NS,MM,NNsDXGy THyRI 21}

GENERATES NODAL COORDINATES.

COMMON . JADISC/X{300,2)+NOD(200,6],NREP{200),ITYPEL200])
COMMON fASOLV/XX(5+50)s XY(5:90}
DY=TH/ {NN-1)

DO 20 L=1,NN

XX(1lsL)}=RI

DO S0 K=1,MM

XY{Ky1l)=11

DO 60 J=2,NN

JML=J-1

DO 70 K=1,MM

XY(Ky JI=XY(KyJMLI¢DY

CONTINUE

CONT INUE

DO 80 J=14MM

DO 90 K=1,NN

LaNN*(J=-]1)+K+NS-~1
X{Lel)=XX{JsK)

X{Ls2)=XY{JsK)

CONT INUE .

CONT INUE

229,
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NEN=NS ¢ (MM*NN -1

NS=NEN+1

RI=X(NEN, 1} +DXG

RETURN

END

SUBROUTINE TOPVEC(TH,LVEC,NDTO}

COMPUTES RADIAL COORDINATES FOR NODES ALONG THE TOP BOUNDARY.

COMMON /ADISC/XU30042),KOD(200,6) +NREP({200),ITYPE(200)
COMMON /BLCISC/RVEC{50)4HDVEC{50)y XLEN(100])
J=0

DO 10 I=1,NDTO

IDIF=ABS(TH-X(1,2))

IF{IDPIF.GT.0.00L) GO TO 1O

J=J+1

NDVEC{J1=1

RVEC(J)=X(1,1)

CONTINUE

LVEC=4

+ RETURN

20

30

40
45

65
55
25

50

60

END
SUBROUTINE EBFINR{LEN,NK,NN,LL)

SUBRDUTINE TO COMPUTE BANDWIDTHS DF THE BANDED SYMMETRIC GRDSS

MATRIX. NBAND CONTAINS THE DANDWIDTHS, ID THE PDSITION OF THE
TERM ON THE DIAGONALS OF THE ORIGINAL MATRIX, LEN IS THE LENGTH
THE VECTOR

DIMENSION LVI6)
COMMON /ASOLV/ISTART(300),NBANDI300},1D(300)
COMMON /ADISC/X{30042)4NODI200,6) ,NREP({200},+ITYPE(200}

DO 20 I=1,LL
NBAND(I)=1
ISTARTII) =1
CONT INUE

SCAN THROUGH THE LOCATION VECTOR FOR EACH MEMBER TO FIND

THE POSITION OF THE TERM FURTHEREST FROM THE DIAGONAL IN EACH ROW

DO 25 I=1.,NM

NN=ITYPE(I)

NF2=NN

DO 30 J=l4NF2

LV{JI=NOD(IsJ)

CONT ITNUE

DO 45 J=1,NF2Z

TF{LVIJ}.EQ.0)GO TO 45

DO 40 K=1,NF2

TFILVIJ).GT.LVIK}) GO TO 40
NW=LV(K)=~LV(J)+]

NR=LV(J)

TF{NW.GT JNBANDIKR)) NBAND(NR ) =NW
CONTTNUE :

CONTINUE

SEARCH FOR THE FURTHEREST JFF-LEFT TERM

DO 55 J=1,NF2

IF(LV(J).EQ.0) GO TO 55

DD &5 K=1,NF2

IF(LVIJ).LT.LVIK)) GO TO 65
NR=LV(K)

NR=LV(J}

IFINW.LT.ISTART(NR} ] ISTART{NR)=NW
CONT INUE

CONTINUE

CONTINUE

SET UP ID VECTOR AND COMPUTE LENGTH OF STIFFNESS VECTOR

ALSD CHECK THAT NBAND DOES NOT DECREASE BY MORE THAN 1 AT A TIME

LEN=NBANDI(1)

DO 50 I=2,LL

TF(NBAND(I)-NBAND(I-1}.LT.0) MNBANDI{I}=NBAND(I-1}-1
LEN=LEN#NBAND(T) :
CONTINUE

IDl1)=1

DO 60 I=2,LL

ID(I)=1D( I-L)+NBAND(I-1]}

RETURN

END .

SUBROUTINE ELGNCRIMT11¢AK,BK,NTyPMK]

GENERATES ELEMENT MATRIX SELK FOR RECTANGULAR ELEKENTS.

COMMON /ADISC/X(300,2),NOD(200,+6) NREP{ 2001, 1TYPE(200]
COMMON /AELEM/BA(150)y SLA(L50,6)s SLY{L50+¢6)3SELKLGy &) 1EX(646)
COMMOM JVCOM/DRX{200),VIL{200 ), H{3001, IDARCY(200)+D1646)
COMMON /BELEM/E(6y643) 4F(64693)4DSHFLI246)
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NN=ITYPE (M)

KK=NN=3

IFINREP(M]}.EQ.NT} GO TO 30
NT=NREP{M)}

DO 10 J=1,NN

DO 20 K=l NN

IF(J.GT.K)} GO TO 20
ERCIsKI=BAINTI*E(S, Ky KKI4FL I, KKK ) /BAINT)
EK{JeKI=EK{J4K)*0RX (M)
CONTINUE

CONTINUE

CONTINUE

IFUIDARCY (M) .EQ.O0) GO TO T0
CONTINUE

CALL CONSTR{M,;AK,BK ACONST NT NN}
GO TO 80

CONTINUE

ACONST=PHK

CONT INUE

DO 40 J=1,NN

DO 50 K=1,NN

IF(J.GT.K) GO TO &0
SELK{JyK)=EK(JyK)*ACONST

-GO TO 50

SELK{JsKI=SELK(KyJd)}
CONTINUE

CONTINUE

RETURN

END

SUBROUTINE- INFLUC(NN,NDIFF)

GENERATES FIRST SET OF INFLJENCE.CDEFFICIENTS FOR RECTANGULAR ELEMENTS.

COMHON /BELEM/E(6,643), Ft6,6.3)|DSHFZl2 61
DO 200 I=1,NDIFF

Nh=1+3

J=1

GO0 TO (10,30),J

4—-NODES ELEM

CONTINUE

DO 150 K=l,4
EtKlk'J}‘1.,3t
FIKsKy JI=E(KyKyJd )}
E{ls2:d)=-1,/3.
Elle34J)=~1./6.
E‘lizlt\’, = la/b.
El2:+3,J1=1./6.
E(Z2s44J)=~1./6.
E(3+4sd)=-1./3.
Flls2yJd)=1./6.
Flly3,J)=-1./6.
Flly4oJdl=—1./3.
F(2:3,J)==1./3,
Fl2y441J)==1./6.
Fl3444Jd)1=1./6.
GO YO 500

5 NODES LEFT INCLUDED

CONT INUE

E(lslsJd) = 2./15.
E(ly2:d) = —=1./6e
E(1l:s3,J) = 0.0
El(ls44J)= -1./30.
E{145,:J)} = 1./15.
E{(2324J) = 1./3.
E(2434d) = 1./6.
E{2¢44J) = 0.0
E(245:J) = ~le/3a
E{3¢344) = 1./3.
E(3144Jd) = —1.76.
E(3+454d) = -1./3.
El4s49d) = 2./15.
Ef4354J) = 1./15.
E(5:5+J) = 8+/154
Fllslsd) = Ta/9e.
Flls2,Jd) = 1l./6.
Fily3,J) = —le/6a
F’II‘O'J" l./9. .

Flly5+J) = -8B./9.
Fl2424d) = 1./3.
F‘2|3'J' = ~la/3a
Fl2e49sd) = -—1./6.
Fl245¢d) = 0.0
Fl343¢Jd) = 1./3.
Fl3,44J) = 1./6a
_F(3.5|J1 - 0.0

Flédghed) = Te/%

231,
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Fla,5,0) =
F(545,J) =
CONTINUE
CONTINUE
RETURN

END
SUBROUTINE INFLUD(NN}

"00/9.
16./9.

252

GENERATES THE SECOND SET OF INFLUENCE COEFFICIENTS FOR RECTANGULAR

ELEMENTS.

DIMENSION ZEN(642)42E(142)

COMMON /BELEM/C(61643) G646, 3) 1DSHFZ(2,6}

JP=]
K=NN-3 ~
ZEN(1g 13=~1.
ZEN(2,1)=1.
ZEN(341)=1.
ZEN(4, 1)=-1.
ZEN(1+2)=-1,
ZEN(2,2)=~1.
ZEN(3,2)=1.
ZEN(4,2)=1.
ZEN(5511=0.

“ZEN(5,2)=~1.

ZE(1;1)=0.
ZE(152)=0.
IF(K.EQ<2) GO 70 S0

4~NODE ELEMENT.

DO 2 I=1,NN

Tl=1.+ZEN(1y L}%ZE{JP,1)
T2=1o+ZEN(T,2)%2E(JP,2)
DSHFZ(141)=.25%T2%2ZEN(I,41)
DSHFZ{2,1)=.25%T1%ZEN(142)
G(IyI,K)zlf./Q.

IF(I<LE.3) G(I,I+14K)=2./9.
JIF(JoLEL2) G(I4142,K)=1e/9a
IF(I.EQel) G(I49K)=2./9.
CONTINUE

GO T0 100

CONTINUE

5~NODE ELEMENT WITH MIDDLE NODE ON SIDE 1-4

I1=2E(JP, 1)

12=12E(JP; 2)

Pl=1.0+21

S1=1.0-21

P2=1.0+22

§2=1.0-22

DSHFZ {1 41)=0.25%22%S2
DSHFZ(144)=-0.25%22%p2
DSHFZ{2,1)=-0.25%S1*(S2-22)
DSHFZ(244)=0.25*%S1%(P2+12)

DSHFZ(1,2)=0.25%S2
DSHFZ{1,+3)=0.25%P2
DSHFZ(242)=-0.25%*P1
DSHFZ(243)=-DSHFZ(2,2)

DSHFZ(1,5)=-0.5%52%pP2
DSHFZ(2451=-22%S1

G{ly14K)=0.177777
G(l142,K)=0.111111
G(1434K)=0.00000
G(ly4yK)==0.444444E-01
G(1,5,K)=0.888886E-01
G‘ZQZ,K)=O-444"f104
Gl243,K)=0.222222

"6(2,4,X)=0.372529E-08

Gl245,K)=0.222222
G(343:K)=0.444444%
G(3444K)=0.111111
G(345,K)=0.222222
Gl4,44K)=0.177777
G(4454K)=0.888886E-01
G(545:,K)=0.711111
CONT INUVE

RETURN

END

SUBROUTINE ELGNDR(NTySC,M,DET,NNP)

GENERATES ELEMENT MATRIX D FOR RECTANGULAR ELEMENTS.

DIMENSION TJ(2,2)

COMMON /AorsC/xtsoo.Z),Noo(zoo.m.NREP(ZOO)-ITYPE(ZOO’
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COMMON /ACLEM/BA{L50),SLX(L15046)sSLY{150,6} sSELKIGy 6) 4EKI646)
COMMON /BELEM/C(64643) 4Gl 64643)3DSHFZ(246)
COHMMON /VCOM/ORX (20014 VEL (200 )+H[300),IDARCY(200),D(6+6)
JI=NOD(M, 1)

J2=NOD (M, 2)

J3=NODI(H, 3}

JA=NOD(M, 4)

DRX(MI={X{JL, L) #X(J2,1})%0.5
TFINREPIM).EQ.NT) GO TO 50

NT=NREP (M}

NN=ITYPE (M}

K=NN-3

BB=ABS{X{J4, 2)-X{J1,2)]}
AA=ABSIX(J3,1)-X(JLl41})

BAINT }=88/AA

DEY= AA*BB/4.

Tdlel)=2./AA

TJl2421=2./8B8B

IF{NNP.EQ.NN} GD TO 15

CALL INFLUD(NN}

CONTINUE

NNP=NN

DO 10 I=1,NN

SLXINT s 1)=VJ(1,11*DSHF2(1,1})

CSLYUINT 1) =TJ(2,2)%DSHFZ2{2,])

CONT INUE
FORHM ELEMENT MATRIX:-D

DO 100 I=1,NN

DO 100 J=1,NN

IF(J-1) 105,110,110
DII1,J)=0RX{M)*SCHDETHG( Ty d,K)
GO TO 100 :

D(I,J1=00(Jd,1}

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE CONSTR(M,AK, BK,ACONST, NT,NN)

233.

COMPUTES THE VALUE OF NCN-LINEAR COEFFICIENT FOR RECTANGULAR ELEMENTS.

COMMON /ADISC/X(30042),NOD(200,6) ,NREP{200),ITYPE{200)
COMHON /AELEM/BA(L150)¢SLX(15046)sSLYI150,6)ySELK(646) EXK(646)
COMMON /VCOM/ORX{200) 4 VEL {200 )9 H(300)+IDARCYI200) 4D (6461}
HX=0.0

HY=0.0

DO 10 JN=1+NN

J=NOD{ My JN}

HX=HX+SLXINT ¢ JN)*¥HI J)

HY=HY+SLY (NT s JN}*H( J)

CONTINUE

HS=ABS(SQRTIHX**2+HY¥*2])

EVALUATES ELEMENT VELOCITY.

TEMP=0.5%AK+SQRT(0, 25%AK**2+BK*HS5)

VEL(M)=HS/TEHMP

ACONST=1./TEMP

RETURN

END

SUBROUTINE VCHECR(MyAKy BK4NT 4+ PMKyVCRyGRRXyGRRY s NN}

COMPUTES ELEMENT VELOCITIES AND CHEK IF A PARTICULAR ELEMENT BELONGS TO

DARCY OR NON-DARCY FLOW ZONE.

COMMON FAELEM/BA(150), SLX( 150,61, SLY(150,46) ySELK(646) 4EKI646)
COMMON /VCOM/ORX{200), VEL{200)+H{300),IDARCY{200),0(6,6)
COMMON /ADISC/X{320,2}4NOD{200,46)+NREP({200),1TYPE(200)
HX=0.0

HY=0.0

DO 10 JN=1,NN

J=NOD (M, JN)

HX=HX¢SLX(NT ¢ JHI*H{J)

HY=HY4+SLY (NT y JN) *H( J)

CONTINUE

HS=ABS [SQRTIHX¥%2¢HY*%2]])

GRRX=HX/HS

GRRY=HY/HS

1F({ IDARCY (M) LEQ.0)} GO TO 20
TEMP=0.5%AK +SQRT (0. 25%AK**2¢B K*HS )

VEL (M) =HS /TEMP

IF(ABS{VEL{M)).LE.VCR} IDARCY(M)=0

GO 10 30

CONTINUE

VEL (M) sPHK*HS -
IFLABS{VELIM }1.GT.VCR) IDARCY{MiI=]l -

CONT INUE .

RETURN
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END :
SUBROUTINE BMDFIX{HW,HONNODE s NBDy NDH ¢ NDRO; NBHy NSCREN; RH}

IDENTIFIES NODES WHERE HEAD VALUES ARE PRESCRIBED.

COMMON /ADISC/X(3004+2)4N0OD(200,6) NREP{200),ITYPE(200]}
COMMON /BODISC/RVEC(50}),NDVECI50)4J4BD(50);DISP(50}
COMMON /WSCREN/XSCR {51 yHSCR(5)

K=0

NFND=1

D0 30 1=1,NSCREN

XST=XSCR(I1}-0.01

XEND=XST+HSCR(1}+¢0.02

DO 40 J=1,NNODE

L=NFND+J-1

IF(L.EQ.1) GO TO 222

IF{X{Ls1).GT.RH} GO TO 30

CONTINUE

TEOIX{L92) L TaXSTI.ORG(X{L+2).GT.XEND}) GO TO 70
K=K+1 .

JBD(K) =L )

DISP(K)=HHW

GO TO 40

IF(XtL,2).GT.XEND} GO TO 30

CONTINUE

NFEND=L +1

CONTINUE

J=K

NBW=J

NST=NNODE-NDRO+¢1

DO 25 I=NST,NNODE

J=J+1 .

JBD(J) =1

DISP{J)=HO

CONT INUE

NBD=J

RETURN

END

SUBROUTINE BNDFIX(IPENTRy ZBy HH, HD y NNODE 4 NBD ¢ NDW s NDROy NBW}

LLOCATES NODES WHERE HEAD VALUES ARE FIXED.

COMMON /ADISC/X{300,2)4,NOD(200,6),NREP{200)+ITYPE(200}
COMMON /BDISC/RVEC(50)yNDVEC{ 501y JBD(50}+DISP(50}
270L=0.01

J=0

DO 10 I=1,NDW
IDIF=X(1,42)-28B
IF{IPENTR.NE.O) IDIF=-2DIF
IF{ZDIF.GT.ZTOL) GO TO 10
J=J+l

JeDtJ) =1

DISP(J)=HNW

CONTINUE

NBHW=J

NST=NNODE-NDRO+1

DO 25 I=NST,NNODE

J=J+el

JeD(J)i=1

DISP(J)=HO

CONTINUE

NBD=J

RETURN

END

SUBROUTINE MERB3(Ny M}

MERGES ELEMENY MATRIX SELK INTO GROSS VECTOR VCORE.

COMMON /AELEM/8A(150)4SLX{15046)ySLY(15046) +SELK{646),EK(6,46)
COMMON /ADISC/X{130042) ¢NDDI200:6) 3 NREP(200),1TYPE(2C0)
COMMON /ASOLV/ISTART{300),NBAND{300},1ID{300)

COMMON /ACORE/VCORE (2000)

DO 10 I=1,N

IK=NOD (M, 1)

IF(IK.EQ.0) GO TO 10

DO 20 J=1N

JK=NOD (M, J)

IF(IK.GY.JK) GO TO 20

IPUS=ID(IK) +JK~IK

VCORE (1POS)=VCORE(IPOS)+SELL(I4J)

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE MERBD (N M)

MERGES ELEMENT MATRIX D INTO GRCSS VECTOR VD.

CﬂHﬁON /AD!SC/X(JOO.ZF.NDD(ZOOoG).NREP(ZOO)yITYPE(ZOOl
COMMCON /ASOLV/ISTART{300) 4NBAND(300),1D(300)
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COMMON /CSOLV/VD(2000); HINT{ 300,11} ,1PROP{ 200)
COMMON /VCOM/ORX(200) ¢ VEL (20035 H(300) 4 IDARCY(200) 401646} : .
DO 10 1=1,N

IK=NOD (M, I}

IF(IK.EQ.0) GO TO 10

DO 20 J=1,N

JK=NOD (M) J)

IF(IK.GT.JK) GO 7O 20

TPOS=ID{IK)+JK-IK

VDLIPOS)I=VD(1POS)I+D(I,J)

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE SYMSOL{LL,NLL)

SOLVES A LINEAR SYMMETRIC SYSTEM OF LINEAR EQUATIONS BY BANDED GAUSSIAN
ELIMINATION SCHEME.

DIMENSION VY EMP(90)

COMMON /BDI SC/RVEC(50) 4NDVEC{50),JBD{501,DISP(50}
COMMON /A SOLV/ISTART{300) 4N{300), IDUM{300}

COMMON /BSDLV/C(30041),V{2000)

DOUBLE PRECISION TEMP,VTEMP

.JBOUN=1

1D=1

DO 10 I=1,LL

TEMP=V(ID)

NEB=ID+N(Y)-1

ID1=]ID+¢1 .
IF(I.EQ.JBD{JBOUN}) GO 1D 16

NORMALISE ROW I

KK=0

20
29

25

16

120
39

125

46

50

240

40
140

32
30
35

10

V{iD}=1.0
IF(ID1.GT.NEB) GO TO 29
DO 20 J=ID1,NEB '
KK=KK+1

VTEMP(KK)=V(J}
V{J)=V{J)I/TEMP
CONTINUE

DO 25 L=1,4NLL

C(I LY¥=C{I:L)/TEMP
CONTINUE

CO YO 46

CONTINUE

IF(ID1.GT.NEB) GO TO 39
KK=0 i

00 120 J=ID1,NEB
KK=KK+1

VTEMP(KK)=V{J)

V{J)=0.0

CONTINUE

DO 125 L=1,NLL
C(I,L)=DISP{JBOUN) .
JBOUN=JBOUN+1

ELIMINATION

CONTINUE

10J=10

1F(1ID1.GT.NEB) GO TO 35
KK=0

D0 30 J=1D1,NEB

J1=J-1D1+1

TDI=T0J+N(JIT)

KK=KK+1

IF(VTEMP{KK)) 504 30,50
CONT INUE .
IF(JBOUN.EQ.1) GO TO 24
JBM1=JBOUN-1
1F(1.EQ.JBD{JBML)) GO TO 140
10P=y

DO 40 K=10P, NEB
KJeIDJ4+K-J -

VIKJI) =VIKJII-V(K)*¥VTEMP (KK}
CONT INUE

NJ=14J-10

DD 32 L=1,NLL
CINJsL)=CUNJ, L I-CUI,L)*VTEMPLKK
CONY INUE .

CONTINUE

CONY INUE

10=10+N{T)

CONTINUE

'BACK SUBSTITUTION

10=1D-1
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LLl=LL~]

DO 70 IB8=1,LLY
I=LL1~1B¢1

I0O=10~N(I1)

IS=1+1

IN=I+N(I)}-1

DO 80 J=IS,IN
NJI=]D+I-1

DO 795 L=1,NLL
ClIL)=CLI,L)-CUJI,LI%VINI)
CONTINUE

CONT INUE

CONTINUE

RETURN

END

SUBROUTINE VDFB(LVEC)

GENERATES VECTOR VvDTOPa

DIMENSION D{(2,2)

COMMON /ADISC/X(30042)4yN0OD{200,6) yNREP{200},1TYPE(200)
COMMON /BOISC/RVEC{50),NDVEC(50)4JB0O(50},DISP(50)
COMMON /ASOLV/ISTART{300) ¢+NBAND(300)41D(300)

COMHMON /ADPARA/TLESS(300)4HLESS(300),4GK(300,1),VDTOPL200)

NELTOP=LVEC-1

NN=2

ID(1)=1

DO 10 I=2.:LVEC
ID(I)=10{1-1)+2
LENT=2%LVEC-1

DO 108 I=1,LENT
VOTOP(11=0.0

CONTINUE

DO 208 [E=1,NELTOP
IN=NDVECUIE)
IP=NDVEC(IE+1}
RAVE=0.5%(X{ 1Py 1 }¢X(IN, 1))
RDIF=X(IPs1)-X(INs 1)
D(1l41}=RAVE*RDIF/3.0
D{242)=Dl1,1])
D(1¢2}=D{1411%0.5
D(2,1)=D(1,42)

DO 308 I=1,2
IK=1E+(I-1)

DO 408 J=142
JK=TE+(J-1)
IF(IK.GT.JK)} GO TO 408
IPOS=TD{IK)+JK~IK
VOYOP(IPOS)=VDTOP(IPOSI+D(I,4J1}
CONTINUE

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE GVMOD(LACT, SY, IGK)

MODIFIES VECTORS VK AND GK YO ACCOUNT FOR LEAKAGE FLUX ACROSS

BOUNDARY.

COMMON /BDISC/RVEC(50),NDVEC(50),JBD(50)+DISP{50)
COMMON /ASOLV/ISTART(300) NBAND(30Q),ID(300}
COMMON /BSOLV/CK(300,1),VK(2000)

COMMON /CSOLV/VD{2000) yHINT({300,1),1PROP(200)
COMMON /ADPAPA/TLESS(BOOI.HLESS(BOO)'GK(BOO'I) VDTOP(ZOO)
DO 1078 L=1,LACT

IP1=({L-1)#2+1

IP2=]P1l+1

1PM=1P1-1

VF1=vOTOP (IP1)*SY

VF2=0.0

VFM=0.0

TF(L.GT.1) VFM=VDTOPLIPM)*SY

IF(L.LTLLAGCT) VF2=VDTOP(IP2)%*SY

I=NOVEC (L)

SJdl=1

J2=J1
JM=J1
IF(L.LT.LACT) JZ*NDVEC(%fll
Yel} JM=NOVEC (L-1
ézéLV?l*HINT(JI.1)*VF2*P!N*(J2|1)+VFH*HINT(JH.I|
IF(IGK.GT s0) GK{Jly 1}=GKIJLy1)¢SUH
IFLIGK.GT.0) GO T3 1078
1s=10(1)
VK{IS)=VK{IS}+VF1

TL=IS+#NBAND{I}~1

VKL IL )=VvK(IL)+VF2
CONTIRUE

RETURN

END

. SUBROUTINE GKMGDI{LACT,SY}

T0P
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MODIFIES MATRIX GK TO TAKE INTO ACCOUNT LEAKAGE FLUXES.

COMMON /BDISC/RVECISO) 4 NDVEC( 501, JBDI50),DISP(50)
COMMON /ALEAX/QLEAK (50),HLOLDI500,HF(50),FINT({50,11,6P{40}
COMMON /ADPARA/TLESS(300),HLESS(300),4GK(30041),VDTOP(200)
DO 1078 L=1,LACT
IPl={L~1)*2+1
IP2=1P1¢1
IPM=IP1-1
VF1=VOTOP(IP1})%SY
VF2=0.0
VFM=0.0
IF{L.GT.1) VFM=VDTOP(IPM)*SY
IF(LLLTLLACY) VF2=VDTOP(IP2)%SY
I=NDVEC(L]}
Ji=]
LH=L
LP=L
IF(L.LTLLACT) tP=L¢d
ITF{L.GT.1) LM=L-1
" SUM=VF1%QLEAK (L) +VF2*QLEAK(LP ) +VFM*QLEAK{LM)
GK(JYy1)=GK{JLls1)+SUM
1078 CONTINUE
- RETURN
END
SUBROUTINE BBLOCK({KCREP,N1,;NFND1,NFND2,NPAT;NTSEL}

GENERATES ELEMENT CONNECTIVITIES IN BASIC BLOCKS.

DIMENSION ND(3,3)
COMMON /ADISC/X{30042},NOD{200,6) yNREP{200),ITYPE(200)
ND(1¢1)=NFND] . :
ND(Ls2)=NFND2 .
NDU1s3)=NFND1¢l
ND{ 2, 1)}=ND(1, 3}
ND{242)=ND(1,2)
ND{2,3)=ND{1,2)}+1
IF(NPAT.EQ.1} GO TO 200
IF(NPAT.EQ.0) GO TD 265
NTEMP=N1-2 .
DO S0 JJ=1,2
NST=NYSEL
NLST=NST+NTEMP
DO 40 J1=NST,NLST
NREP( J1)=KCREP
KCREP=KCREP+1
DO SO K=1,3 :
NOD(J1yKI=ND{JJ K} +(IJL-NST)}
50 CONYINUE
40 CONTINUE
NTEMP=NTEMP~-1
NTSEL=NLST+1
90 CONTINUE
GO TO 400
200 CONTINUE
ND(3,1)=ND(2,1)
ND(342)=ND(2,2)¢1
ND{3,3)=ND(3,11+1
NTEMP=(N1-1}/2~1
Li=2
t2=1 ‘
DO 250 JJ=1,3
L3=2
1F(JJ.EQ.2) L3=1
NST=NTSEL
NLST=NST+NTEMP
DO 260 J1=NSTHNLST
NREP(J1) =KCREP
ITYPE(J1)=3
DO 270 K=1,3
IF(K.EQ.L) LL=L1
IF(K.EQ.2) LL=L2
IF{K.EQ.3) LL=L3
NOD(J1,K)=RD(JIgKI&TIL1-NSTIHLL
270 CONTINUE
260 CONTINUE
KCREP=KCREP+1}
NTSEL=NLST+1 .
250 CONTINUE
GO TO 400
265 CONTINUE
NTEMP=N1=-2
DO 19C JJ=1,2
NST=NTSEL
NLST=NST+NTEMP
DO 140 JL=NST,NLST
NREP(J1)=XCREP
ITYPE(JL)=3
DO 150 K=1.3
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NODUJLKy=ND(JJ, K]+ (J1-NST)
CONTINUE

CONT INUE

KCREP=KCREP+}

NYSEL=NLST+1

CONTINUE

CONTINUE

RETURN

END . :
SUBRODUTINE HREAD{NNDDE,L, INDEX)

READS IN INITIAL NODAL VALUES.

COMMON /WORKA/VHORK(500)

COMMON /VCOM/ORX(200) s VEL (2001 ,H(300),IDARCY{200),01{6,6)
COMMON /ALEAK/QLEAK (501 yHCOLD{50) 4 HF(S0) 4 FINT{50, 1) 4GP(40)
READ(L, 3) NNODE

NPOINT=NNODE

FORMAT(110}

NCARD=NPOINT/6

NCARDT=NC ARD+1

157T=1

DO 10 J=1,NCARD

IEND=IST+5

READ(L,13)(VWORK(I),I=]ST,TEND)

-FORMAT (6E13.5)

IST=]END+1

CONT INUE

NREM=NPOINT-NCARD#*6

TEND=I ST+NREM-1

READ{L ¢+ 13 )(VWORK(1)4I=1ST,IEND)
DO 15 I=1+NPOINT .
TFCINDEX.EQ. L) HIT)=VWORK(I)
IF(INDEX.EQ. 21 QLEAK LI )=VNORK( I}
CONTINUE

RETURN

END

SUBROUTINE ELGND3(NT,SCsM}

GENERATES MATRIX D FOR TRIANGULAR ELHMENTS.

COMMON /ADISC/X(300,21,NOD(200,6),NREP(200),ITYPE(200)
COMMON /CELEM/ELK{3434150),8015043),C(15043),AREA(L1%0)
COMMON " /v COM/ORX (200 4 VEL {200 1, H{300) 4 IDARCY(200) 4D (646}
J1=NOD(M,1) _ : _

J2=NOD (M,2)

J3=NOD (M, 3)

ORX(MI=(X(J1s1)+XIJ2, 11 ¢X(J3,1))/3.

IF{NREP{M).EQ.NT) GO TO 50

NT=NREP (M)

S XJ=X(J24101=X{J1s1)

110

105
100

50

XM=X{J3,11-X(J1,41)
YJ=X{J2,21-X(J142)
YH=X{J3,2)-X(J1,:2)
AREAINT)=0.5%{ XJXYM—XM*Y]}
AFUN=2 . *AREA(NT)
BINT,1)=(YJ-YM)/AFUN
BINT,2])= ( YHM) ZAFUN
BI(NT¢3)= (-YJ}/AFUN

CINT 1) =(XM=XJ}/AFUN
CINT,2)= [-XM)}/AFUN
CINT,.3)= (XJ)/AFUN

DO 100 1I=1,3

DO 100 J=143

IF(J-1) 105,1104110
ELK{I.JsNTl=B(NTr[]*B(NTQJ}*C{NT|II*C‘NTng
GO TO 100

ELK(I y JyNTI=ELK(Js I4NT}
CONTINUE

FORM ELEMENT MATRIX:- D

D(1l,1)=0.5%0RX(M ) *AREA(NT)*SC /3
DL2,2)=0(1,1)
D(343)=D(1,1}
D(142)=D(1,1)%0.5
D(2,11=0(1,:2)
D(1,3)=D{1,2)
DL3,41)=D( 1,3}
D(243)=0(1,2)
D(3:2)=D(243}
CONTINUE

RETURN

END

SUBROUTINE ELGNCT{MsI114AK,BKyNTy VCOUNT,PMK]
GENERATES MATRIX SELK FCR TRIANGULAR ELEMENTS.

COMMODN IAELEHIBAIISOI.SLX{150:61|SLY1lSO;bl.SELKl6|61|EKI6|6l
COMMON (ADISCIK{300:2):NUD(ZOD.G).NREPIZOOI'ITTPEIZOOI
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COMMON /CELEM/CLK(3:3,150)+8(15043),C(150,3);ARCA(150)
COMMON /VCOM ZORX{200) , VEL{200),H(300) 3 10ARCY(200)+D{646)
IFCIDARCY (M) .EQ.0) GO TO 70

CONTINUE

J1=RID(M, 1)

J2=NOD{M,2)

J3=NOD(M,3)

CALL CONSTTI{Ms AK ¢ BKyACONST 4 J1 4 32,4 J3,NT}

GO 70 80

CONT INUE

PX=PMK

ACONST=PX*ORX (M) *AREAINT}

CONTINUE

CALCULATE ELEMENT MATRIX

DO 200 I=1,3

DD 200 J=1,3

SELK{I,J)=ACONST=ELK{I,J,NT)

CONTINUE

RETURN

END ' .

SUBROUTINE CONSTT(MsAKs BKyACONSTyJ1yJ2,J3,NT}

.COMPUTES NON~LINEAR COEFFICIENT FOR TRIANGULAR ELEMENTS.

COMMON /CELEM/ELK(3,43,150),B(150,3),C(150,3),AREA(150)
COMMON /VCOM/ORX (200}, VEL(200 )5 H{300)4IDARCY{200})4D(646)
HX=BINT ¢ L1¥H{J L) +B{NT s 2)*H{J2) +B(NT, 3)*H{JI 3}

HY=CANT s L I¥H(J LI 4CUNT» 2)%H{J2)+CINTy 3)%H{JI3)

HS= ABS( SQRT{HX*%24+HY*%2))
TEMP=0. 5%AK+ SQRT{ 04 25% AK¥*2+BK¥HS }
VEL(M)}=HS/TEMP
ACONST=AREAINT ) *ORX (M) / TEMP
CONTINUE

RETURN

END

SUBROUTINE VCHECB[MqAK:BK-Jl,JZ,JS,NT.PHK.VCR,GRR*.GRR?J

COHMPUTES ELEMENT VELDCITIES FOR TRIANGULAR ELEMENTS.

COMMON /VCOM /ORX{200), VEL( 2001 4H[ 300} ,1DARCY(200} 4D (6461

COMMON /CELEM/ELK(3434150),80150,3}+4C(150,3),AREA(L150)
HX=BINT s L) *H{JLI+BINT s 215H{J2 Y +BINT43)%H(J3)

HY=C(NT 11 #HLJ L) #CUNT 2 21%H{JZ ) #CUNT, 31 %H{J3)

HS5= ABS{ SQRTIHXE¥x2+HY%%2)])

GRRX=HX/HS

GRRY=HY/HS

IF{IDARCY (M) .EQ.0) GO TO 20
TEMP=0.5%AK+ SQRT (0. 25% AK*%2+8 K¥HS)

VEL (M) =HS /TEMP

TIF(ABS{VEL{M)}.LE.VCR]) IDARCY(H! =0

‘GO TO 30

CONTIMUE

VEL (M) =PMK%HS )

IFIABSIVEL({M)}).GT.VCR} IDARCY(M)=1

CONT INUE

RETURN

END

SUBROUTINE SETARG(AGP,BGP,PUYGP,VGP4AKK,BKKyPKKy VCRy 1)

‘IDENTIFIES ELEMENTS IN THE GRAVEL PACKED ZONE.

COMMON /CSOLV/VD{20001),HINT(300,41),1PROP[200)
IFCIPROP(I).EQ.O0) GO TO 20

GO T0 10

CONTINUE

AKK=AGP

BKK=BGP .

PKK=PMGP

- VCR=VGP

10

CONTINUE
RETURN
END

SUBROUTINE AQDIS{NLEN, QAQFR;QRDIF, DELTuTHnRCSNG'lQ.OFIXvDHDi

COMPUTES TOTAL DISCHARGE INTO THE WELL.

COMMON /BDISC/RVECI{S0), NDVECI50},J00(500,DISPL50)
COMMON /ASOLV/ISTART{3GN) (HAAND(30G),10(300)

COMMON /VCGHM/ORX (200) 3 VEL(200),HI300)IDARCY(200)+D16+6)
COMMON /BQCAL/VS (600}, QWB(40)

COMMON ZATIME/TIME(60),SH(60},0SH(5),QCALCLS]

QSUM=0.0

THPE=44./T.

CALL QMULTINLEN,QSUM)

QSUMe ABS{ THPI*QSUM) /{0« 5*DELT )
QAQFR=Q5UM

ACSNG=0.52THPT 2RCSHGR* 2
TRM=ABS (ACSNG*0OWD*2 ./DELT)

239.
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QCALX=QAQFR+TRM* 10, #*3
QROIF=ABS (QF IX-QCAL X}
QCALC(1Q) =QCALX

RETURN

END

SUBROUTINE QMULT(NBWs QSUM)
COMPUTES NODAL FLUXES AT WELL BOUNDARY.

COMMON /ALEAK/QLEAK (50} 4HCOLD{S0) 4 HF (50}, FINT(50,1),GP{40])

_COMMON /ASOLV/ISTART(300) +NBANDG(300},10(300)

COMMON /BQCAL/VKQL6001,CHB(40)
COMMON /BDISC/RVEC(5G},NDVEC(50),JBD(50),DISP(50}
COMMON /VCOM/ORX(200) 3 VEL(200)3H{300)sTDARCY{200),D(6,6)
D0 10 L=14NBW

I=J8D(L)

IS = ID(I)

IL = IDCI)+NBAND(I) -1
QHB(L}=0.0

DO 20 4 = IS, IL

K=l+J-1S

QUB(L ) =QWBIL ) +VKQ(J )*H(K)
CONTINUE

IF(1.EQ.1) GO TO 15

11 = I-1

1ST= ISTARTI(I)

DO 30 J= IST,I1

K = I1- J+1

Ip = ID(J) + K

QWB (L) =QWB(L ) +VKQIIP)%®H (J)
CONT INUE .

CONTINUE

QUB (L) =QWB(L)-GP (L)
QSUM=QSUNM«QAB(L])

CONTINUE

RETURN

END

SUBROUTINE ROUT(NNODE)

PRINTS OUT HEAD VALUES.

COMMON /ADISC/X(300,2),NOD(20046) yNREP(200)4ITYPE(200)
COMMON /VCOM/0RX(200), VELC 2003 4H(200},TDARCY(200) 4D(646)
COMMON /ADPARA/TLESS(BOO):HLESS(BOOI:VKD(300,1).VDTOP(ZOO)
DATA NPRINTY/3/

HRITE (NPRINT,53)

FORMAT(/77)

WRITE(NPRINT, 3}

WRITE(NPRINT 13}

WRITE {NPRINT,23)

WRITE (NPRINT,13)

WRITE(NPRINT,3)

FORMAT(SX50( %))

FORMAT (SX g '%"348X, * %)

FORMAT [5X,%%9,11X,* FINAL RESULTS OF ANALYSIS',12X,'%')
WRITE(NPRINT,33)

DO 10 I=1,NNODE

WRITE (NPRINT 443) I¢X{I,1)sH(I)4TLESS(I},HLESS(I])

CONT INUE

FORHAT(/I/,ZOXy'HEAD «VS. RADIUS AND 1/U .VSe. W{U)* ¢/ //y

240.

lOXp’NODE'.lOX,'R—COORD'.10Xp‘HEAO',l4X,'1/U' 19X,

1'H(UY s /7))

FORMAT (10XpI346XsF10.298XsF10.4¢7X9ELL.4¢10X,F10.4}
RETURN
END

SUBROUTINE ROEST(DIFFUS,TM,LVEC,QFIX.TNIS.RD,NELEH.NNODE,NELTO.

LST,LSTEL,LVST}
ESTIMATES RADIUS OF INFLUENCE AT TIHE TM.

MMON /BDISC/RVEC( 50),MDVEC( 501, JBD{50)+DI SP(50)
ggnngu ;SCéM/ORX(ZOO),VEL(ZOO).H(3001.IDARCY(2001'0(6.6)
FPI=88./7.
CONST=QFIX/{FPI%THIS)
00 10 I=LVST,LVEC
U=RVEC (1) **2/ (4. *DI FFUS#*TH)
HW=K (U)
SDRAW=CONST#WW
1F (SDRAW. GY.0.001) GO TO 10
NNODE=NDYEC( I}
RO=RVEC(I) :
GO T0 20 , i
CONT INUE

© NNODC=NDVEC{LVEC}

20

RO=RVEC(LVEC)

CONTINUE

LST=NNODE

LVST=I )

PO 30 I=LSTEL.NELTO
IF(ORX(1).LT.RO} GO TO 30
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NELEM=]~1
GO TO 40
CONTINUE
NELEM=NELTO
CONTINUE
LSTYEL=NELEM
RETURN

END
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SUBROUTINE TIGEN{(NTICRyTFACTR sTMUL +DTMUL 4RWsPMySS:IHBCQFIX; TPAT)

/GENERATES DISCRETE TIME VECTOR,TIME.

COMMON /ATIME/TIME{60),SH(60),DSHIS)QCALC(S)
SHST=0.8 :
CUN=22 (*RW*% 2/ (T.%QFIX)
TIME(1)}=TFACTR
IF{TPAT.EQ.2) GO TO 15
D0 10 I=2,NTICR
TIME(I)=TIMC(I-1)*TMUL
TMUL=THUL +DTMUL
CONTINUE

GO0 T0 17

CONTINUE

~TIME(I)=TIME(I-1)

TIME(Y+1)=2.%TIME(])
CONTINUE

DO 25 I=2(NTICR
TIME(T)=TIME(I)}+TIME(I~])
CONTINUE .
CONTINUE

RR=RW¢+1.99
CONST=RR%*2% S5/ (4,0%PM)
IFCINBC NELO }CONST= 1000 *CUNK SHST
DO 30 I=1,NTICR

TIKE( I)=TIME (1)*CONST
CONTINUE

RETURN

END

FUNCTION W{U)

EVALUATES THEIS WELL FUNCTION.

HC==0.57T2-ALOG(U) A S

H=HC

TERM=1 .
J=1

DO 10 I=1,30
TERM=(TERM*U) /]
IF(J.EQ.0) GO TO 20
W=H+TERM/ I

J=0

GO 7O 30

CONTINUE

W=W-TERM/I

J=1 -
CONTINUE

EPSI=ABS(W-HC)
IF(EPSI.LE.O0.01} GO TO 40
HC=W

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE VECMUL({NNODE ,LEN}

PERFORMS MATRIX MW TIPLICATION.
VKD = VK*D

COMMON /ASOLV/ISTART(300) (NBAND(300),1D{300}
COMMON /CSNLV/VK (20001}, 04300, 1),IPROP(200)
COMMON /ADPARA/TLESS(300)4HLESS(300),VKD(3004+11,VDTOP{200)

L=1 :
DO’ 10 I=1,NNQD
IS = 10(1)

IL = ID(I)«NBAND(I}-1

VKD(I 41) = 0.0

on 20 4 = IS, IL

K=]l+J-1S
VKD(T41)sVKD(1,1)¢VK(J)*D(K,L)
CONTINUE

1F(I.EQ.1) GO TO 40
11 = 1-1
1ST= ISTART(!)

DO 30 J= IST,I1
K = Il= Je¢l .
IP = IDJ) ¢+ K
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VKD(Is1)=VKD{I4 L) eVKIIPIRD(Jy L}
CONTINUE

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE FQSETHIT,ITCUR,DELT,FQ,TPAT}

COMMON JATIME/TIME(60), SWI60) 4DSW{5) 4QCALC(S)
IF(TPAT.EQ.L) GO YO 20

IF(IT.GE.3) GO TO 10
IFCUITLEQLL) wANDL (I TCURLGTLIT}) FQ=SHIIT)
GO TO 20 .

CONTINUE

DO 15 I=1,1IT

HDLTA=0.499*DELY

IF(HDLTALGT.TIME(I}) GO TO 15

FQ=SW(I) '

GO TO 20

CONTINUE

CONT I NUE

RETURN

END

"SUBROUTINE SWMOD(IQsIT,RCSNGy DLTA,QFIX,QAQFR,SKOLD,DSOLD, TPAT,FQ)

ADJUSTS THE VALUE OF WELL DRAWDOWN.

COMMON /ATIME/TIME(60),SH{60)sDSH{5),QCALC(S)

COMMCN FALEAK/QLEAK (50) 4HCOLD(50) s HF(50) 4 FINT(5041) 4GP(40)
DELT=DLTA/10.%%3 .

ACSNG=22. O*RCSNG*%22/T.0
TF(IQ.NE.1) GO TO 15§
IF(ACSNG.GT.0.0) GO TO 35
IF(1IT.GT.5) GO TO 10
DSH(IQ}=-DSOLD

GO TO 20 : -
CONTINUE ' -
IF(IT.GT.5) GO TO 10 -
QRATIO=QAQFR/QFIX

IF(ABS(QRATIO)}.GE.O0.B) GO TO 10 coe
THH=TIME( IT)-0.5%DLTA : . SR
FACTR=0.5%DELT/ACSNG co
QDEL=QFIX-QAQFR*Q.95*TIME(IT) /THM : .
IF(ABS(QRATIO) .GE.0.5) QDEL=QFIX-QAQFR e
DSHIIQ)=FACTR¥*QDEL

DSH{IQ)=-DSH(IQ}

GO TO 20

CONTINUE

TOLD=TIME(IT=-2)

ARGLYI=(TIME{IT)-0.5%DLTA)/TOLD

ARGL2=TIME(IT-1)/TOLD

TLOG=ALDG (ARGL1) /AL OG(ARGL2)
DSWIIQI=(SH{IT=1}-SHIIT-2)1)1%(1.-TLOG)
DSHW{IQ}=—DSHWLIQ}

IF{DSHIIQ)«GT.0.) DSHIIQ)=0.0

GO TO 20

CONTINUE

IF(IQ.GT.2) GO TO 25

IF(TPAT.EQ.2) GO TO 62
DSW(IQ)=DSH({IQ-1)*QFIX/QCALC( IQ-1}

JE(ACSNG.LE.Oe) DSWIIQ)=SWIIT}*QFIX/QCALC(IQ—1)-SHOLD
G0 TO 20

CONTINUE

IF({ACSNG.LE .0.) .AND. (FQ.LT.0.}) GO TO 40
DSWLIQ)}=DSH( 11*QFIX/QCALCI(1)

GO 70 20

CONTINUE

SHWCOR=SW{IT)-FQ*{QCALC(1}-QFIX) /QFIX
DSH{IQ)=SHWCOR-SWOLD

GO TO 20

CONT INUE

DDSW=DSW{ 10-1)-DSW{ IQ-2)

TERM1=QFI X~QCALC(IQ-1]}

TERM2=QCALC(IQ-1}-QCALC(IQ-2]

DQR=TCRM1 /TERM?2

DSHIQ)=D5W{ IQ—-1)+DDSKH*DQR

CONTINUE

SWIIT)=DSW(IQ)+SWOLD

DSOLD=-DS Wl 1Q}

RETURN

END

SUBROUTINE HPUNCH(NNODE,L,INDEX)

~

PUNCHES OUT HEAD VALUES AT FINAL TIME.

COMMON /WORK AZVWNRK (5001

COMMON IVCUHIDRX(ZOOI.v[L{ZGOI:H(BDOi.IOARC?[ZOD}|Ul6nbi
COMMON lALE&K{QLE&KISOI'HCGLDlSOI.HFI5OI|FINT(50oli|GPI#0}
NPOINT=NNODE
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DD 15 I=1,NPOINT

TFUINDEX.EQ.1) VHORKIII=H{I}
IFIINGEX<EQ.2) VWIRK(I)=QLEAKI(I]
CONTINUE

KCARD=NNODE/ 6

HCARDT=NC ARD+2
HEITE(3,23INCARDT

FCRMAT (// /510Xy TOTAL NUHBER OF PUNCHED CARDS =*,110)
HWRITE(L »3)NNODE

FGRHAT(ILOI

IST=1

DO 10 J=1,4NCARD

TEND=15T+5
HRITE(L.I3)(VHDRK(I) I=1ST,1END)
FORMAT({6EL13.41)

IST=TEND+1

CONTINUE -

HREM=HNODE-NCARD*6

JEND=IST+NREM-1

WRITE(LyL13}(VHWORKI(I )}, I=IST,IEND}

RETURN

END

SUBRDUTINE BSIMP(NNODE+TH, DINDEX,SY DELT, IT.ITHINI

EVALUATES BOULTON'S CONVOLUTIONAL INTEGRAL BY SIMPSON'S 1/3 RULE.

DIMENSION FN(3)
COMMOR /ATIME/TIME(60),SH{60) +DSHIS5) +QCALCIS)
COMMON /FALEAK/QLEAK (50} HCOLD(50)+H{50)4HINT{50+1):GP(40)

DDUBLE PRECYSION DEXP,ARGUsFN,QCUNT

WRITE(3,3)

FORMAT (// /420X, "LEAKAGE NODAL FLUX®4///+10Xs*NODE NO. 'y
20X "FLUX VALUE',//}

ITH=1T-1

IF{ITH.EQ.O0} GO T3 5

TH=TIMELITH)

TOLD=(TIME(TIT)+TIME(ITM))*0.5

GO TO 15

TH=0.0

TOLD=0.5%TIME(IT}

TMHM=(TIME(IT) T IME{IT+#11}1%0.5

DO 20 1I=1,3
TC=TH+DELT*(I1-1)*0.5
ARGU=—{ THH-TC)#DINDEX
FNL{II)=DEXP{ARGU)
CONTINUE i
ARGU=—-DINDEX%*{TMM-TOLD}
KNDD1 =NNODE-1

" QLEAK (NNODE)=0.0

40
50

13
30

00 30 1=1,NNOD1

IF(IT.GTLITMINY GO TO 40
T1=2.%FN(L)*(HINT{I,1)—-HCOLD(I1})}
T2=4.¥FN{ 2)%(H(])-HCOLD{I))
T3=2.¢FNI{3)%(H(T)-HINT(I,1})

DQ =T1+T2+73

GO TO S0

CONT TNUE

DQ =(H{I)-HINT(I,1})*(FN[])+4. *FN(ZI+FN{3)1
CONT INUE

DQO=-DQ
QCUNT=QLEAK{1)*DEXP (ARGU)
QLEAK(I)=CQCUNT+DQ
WRITF(3,13)1,QLEAK(T)
FORMAT(10X,15420X,E13.3]
CONTINUE.

WRITE(3,13) NNODE, QLEAK (NNODE)
RETURN

END

FUNCTION HPW{UyRMy SCLEN,TH)

EVA(U&TES HANTUSH'S WELL FUNZTION FOR PARTIALLY PENETRATING WELLS.

DOUBLE PRECISION Uy HHF,DSUM, SUM
DIF=TH-SCLEN

Pl=22./1.

PISQ=sPl%%2

FACTR=2,#TH¢TH/{ PISQ*SCLEN®*2}
SUM=0.0

DD 30 I=1,50

APSI=3.14*[%2RM
ARGU=1#%3,14%DIF/TH
TERM=SINIARGU) #£2/1 *%2
DSUM=TFRM+*HWF (U, APST)
SUM=SUM+DSUM

IFC(E] oGT-15) JANDLISUMLLT. 1.0-100} GO TO 40
1E(SUMLLT.1.D-20) GO TO 30
SR=DSUM/SUM
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STOL=ABS (SR}
IF(STCL.LT.0.6001}) GO TO 40
CONTITNUE

CONT INUE

Ux=U

SUKMaSUMAFACTR+W{ UX)

HPH=SUM

RETURN

END

FUNCTION HIW{U,RB,Y}

EYALUATES INTEGRAND EXPRESSION OF HANTUSH'S WELL FUNCTION.

DOUBLE PRECISION U, FyDEXP,HJMW, TERM
TERM==Y-RB#**2/ (4. %Y}
F=DEXP(TERM) /Y

HJH=F

RETURN

END

FUNCTION HWF(U.APST)

EVALUATES HANTUSH FUNCTION BY SIMSON'S 3-POINT FORMULA.

?DUBLE PRECISION HDH'U.HHF‘DSUH SUMy DH1yDH2,DW34DABS, DY HJINW
MUL=1.4

Yi=U

SUKM=0,0

DO 30 I=1,50

Y3=Y1%TMUL

Y2={Yl+Y3)/2.

DY=Y3-Y1

DWE=HJWIU,APSL, Y1)}
DWH2=HJIW(U;APSIsY2)
DH3I=HJIW(U ,APS51,Y3)
DSUK=DY*(OW1 +4.¥DW24+DW3} /6.
SUM=SUM+DSUM

Yi=Y3

IF{{I.GT.15) ANDL(SUMLLT.1.0-10}) GO TO 40
IF{SUM.LT.1.D0~-20) GO TQ 30
SR=DSUM/SUM

STOL=ABS{ SR}
IF(STOL.LT,.0.0001) GO TO 40
CONHT INUE

40 CONTINUE

HWF=5UM

RETURN

END

SUBROUTINE DSWINT{DSOLD+BKsQF IXe TMISsTH,RUW s SCLEN,DIFFUS,CUNST)

ESTIMATES WELL DRAWDOWN FOR FIRST TIME STEP.

COMHON /ATIME/STIME({60),SWHI60) 4DSWI60),QCALCLS)
DOUBLE PRECISION UMW

DLAMDA=BK*QF IX*TMIS/(TH*TH*RW)
DLAMDA=T7.*DLAMDA/ 444

" RM=RH/TH

GAMMA=SCLEN/TH+0.01
CONS=4.0%DIFFUS*0.5*%TIME(]L)
Un=CONS/RH¥*2 .
V=UW '
UW=1./UW

U=UHW

TERM=0.25%0DL AMDA*(ALOG(V)=3.0)

WW=H{U)

TF(GAMMALLT.1.) WH=HPW{UW,RM,SCLEN,TH)
DSOLC=WW+1.5*DLAMDA+TERM
IF(U.GT.0.1E-01) DSOLD=WHW
DSOLD=DSOLD*CUNST

RETURN

END
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INTEGRATED WELL—-AQUIFER SOLUTION SYSTEM.
DEVELOPED BY P.S. HUYAKORN,
STFREE ,PROGRAM FOR SOLVING STEADY STATE,DARCY DR TWO-REGIME,FREE SURFACE
FLOW USING TRIANGULAR ELEMENTS.
VERSION CATED OCYOBER,1973.
FOR FURTHER INFORMATION,CONTACT
P.5. HUYAKDRN DR C.R. DUDGEDN
WATER RESEARCH L ABORATORY
KING ST, MANLY VALE

SYDNEY yN.S5.H.y AUSTRALIA.

LIST OF INPUT VARIABLES

—ALL READ STATEMENTS ARE LOCATED IN THE MAIN

el lnlataizinizinkalzsizisizsialslalalsisiasle s oaYa RaRala RN o ol

*
*
*

—PROGRAM AND INDICATED BY $1 OR $1,SK SIGN
PROBLEM VARTABLES #%x

NPROB = NUMBER OF PRCBLEMS 7O BE SOLVED

IVEL = VELOCITY PRINT-0UT INDEX
FEED IN IVEL=0 IF VELOCITY PRINT-0UT IS NOT REQUIRED OTHERWISE
FEED IN IVEL=1

IDISCR = DISCRETISATION PRINT-IUT INDEX.FEED IN IDISCR=0 IFf PRINT-DUT
OF DISCRETISATION DATA IS NOT REQUIRED
OTHERKISE FEZD IN IDISCR=1

ORELAX = OVER-REL AXATION FACTOR FOR NON-LINEAR HEAD ITERATION
SUGGESTED VALUE LIES BETWEEN 1.00 AND 1.50

R¥ = RADIUS OF WELL SCREEN .

RO = EXTERNAL RADIUS OFR RADIUS OF INFLUENCE

HO = JNITIAL HEIGHT OF WATER TABLE ABOVE THE BASC OF AQUIFER
IN THIS PARTICULAR PROGRAMyHO MUST NOT BE INTERPRETED AS THE
INTTIAL DRAWDOWN OF THE WATER TABLE :

TH = THICKNESS OF AQUIFER

HTOL = HEAD TOLERANCE FOR NON-LINEAR ITERATION ON HEAD VALUES

SUGGESTED VALUE IS 0.10 OR A FEW PERCENT OF HO-HW
1GP = GRAVFL PACK INDEXy IGP=1 FOR GRAVEL PACKED WELL,
I1GP=0 FOR NON-GRAVEL PACKED HELL

NSTEP = A PARAMETER USED TO INDICATE WHETHER ONE— OR THD- STEP
FREE SURFACE ITERATION IS REQUIRED
FEED IN NSTEP=2 FOR FREE SURFACE FLOW WITH SEEPAGE FACE
DTHERWISE FEED IN NSTEPsl
AK = FORCHHEIMER LINEAR HYDRAULIC COEFFICIENT OF AQUIFER
BK = NON-LINEAR HYDRAULTC COEFFICIENT OF AQUIFER
IF ONLY DARCY FLOW SOLUTION IS REQUIRED SET BK=0.
VCR = CRITICAL FLOW VELOCITY WHERE NON—-DARCY FLOW COMMENCES
AGP = LINEAR HYDRAULIC COEFFICIENT OF GRAVEL PACK MATERIAL
BGP = NON-LINEAR HYDRAUL IC COEFFICIENT OF GRAVEL PACK MATERIAL
VGP = CRITICAL FLOW VELOCITY FOR GRAVEL PACK MATERIAL
THGP = THICKMESS OF GRAVEL PACK
BTGP = HEIGHT OF BASE OF GRAVEL PACK ABOVE BASE DF AQUIFER
HH = HEIGHT OF WATER LEVEL IN THE WELL ABOVE BASE OF AQUIFER

IN THIS PARTICULAR PROGRAM HW MUST NOT BE INTERPRETED AS
WELL DRAWDOWN

DISCRETISATION PARAMETERS ¢&*

FRLEN = LENGTH OF FIPST SUBREGION
SUGGESTED VALUE IS FRLEN=RW
FOR GRAVEL PACKED WELLFRLEN MUST NOT EXCEED THICKHESS OF PACK
SCFAC = SCALE FACTOR TO BE USED IN COMPUTING THZ LENGTHS OF REMAINING
SUBREGIONS .SUGGESTD VALUE 1S SCFAC=1.50
XLMAX = PRESCRIBED MAXINUM BLOCK LENGTH TO AVOID ILL-CONDITIONED
ELEMENTS SMAXTMUM VALUE OF XLMAX SHOULD NOT EXCEED 25.%TH
IREG - 1= NUMBER OF REPEATED REGULAR BLOCKS WITH THE SAME NUMBER OF NODES
ON THE LEFT AND RIGHT VERTICAL LINES
GGESTED VALUE IS IREG=2
NHMIN = = :?NIMUM NUMBER OF NODES ALONG A VERTICAL LINE
TO MINIMISE THE TOTAL NUMBER OF NODES,SUGGEST NMIN=2
TOTAL NUMRER OF NODES ON WELL SCREEN(S)
NDSC IS TO BE GREATER THAN ga EQUAL TO 2
= NUMBER OF SCREENED INTERVAL
ﬁggﬁf?: Z-COORDINATE OF BASE OF SCREEN 1 ABOVE DATUM
HSCR({1) LENGTH OF SCREENED INTERVAL I

NDSC

(2 ¥ o ialzNsi2ksXsksisialztasiateRzteslakalatnlziaiziakalskaksReakaks ks s hada ookl alal ol a ol NaReRale Nolala e Ralnlel

LIST OF OUTPUT VARIABLES
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[ o -~
NNODE = TOTAL NUMBER OF NODES IN THE FINITE ELEMENT NETWORK
X = RADIAL AND VERTICAL NDDAL COORDINATES
H . =  NODAL HEAD OR ORAWDOWN VALULS
RVEC = RADIAL COORDINATES OF FREE SURFACE NODES
HF = HEIGHTS OF FREE SURFACE NODES
TLESS =  NODAL VALUCES OF DIMENSIONULESS RAIDUS,1/U
HLESS m  NODAL VALUES OF WELL FUNCTION FOR STEADY FLOWyHIU)
QSUM = CALCULATED DISCHARGE FROM AQUIFER INTO WELL
NEL €M v TOTAL MUMBER DF ELECMENTS IN THE HETWORK
NOD = NODE CONMECTIONS OF CELFMENTS IN THE FINITE ELEMENT NETWORK
VEL | = ABSOLUYE ELEMENT VELOCITIES
VCOMPL = RADIAL COMPONENT OF ELEMENT VELOCITY
VCOMP2 = VERTICAL COMPONENT OF ELEMENT VELOCITY
IDARCY = INDEX TU INDICATE IF & PARTICULAR ELEMENT BELONGS TO DARCY

OR NON-DARCY ZONF, IDARCY=0 FOR ELEMENTS IN THE DARCY ZONE,
IDARCY=1 FOR ELEMENTS IN THE NON-DARCY ZONE

NeXa¥sXaX2N2X2XsXsXaXakalsksXs ke N e e e Xa s Koo e NoXe!l

DIMENSION JSEEP(20) 4DSEEP(20) ) S
COMMON /WSCREN/XSCR {5),HSCR(5)

COMMON /ADISC/X(300,23,HOD(500,3) ¢ NREP({500)

COMMON /BDISC/RVEC(50)yNDVEC(501,JBD(S01,DISP{90)
COMMON /AELEM/ELKI3,3,150),5K(3,3)

COMMON /BELEM/B{15043),C( 150, 3} ,AREA(150)

COMMON /ASOLV/ISTART(300),NBAND{300),1D(300}

COMMON /BSOLV/CK(300,1),VK{2000)

COMMON /CSOLV/VD{ 20001 HINT(30041},1PROP(S00) 40(3,3}
COKMON /VCOM /0RX{500),VEL(500)4H{5001, IDARCY (500}
COMMON /AFREE/HF (501, RVHESH{120) s NVELM(150)

COMMON /BQCAL/VKQ(6001, GHB{40)

DATA NREADyNPRINT/L1,3/

T Qoo ool e g ke ook ke -

*

* BLOCK
*

*
1 %
*

Aol ok ok ke kK

PRINT INITIAL HEADINGS

OO0O0A0OOOO 600

WRITE (NPRINT,993)

HRITE(NPRINT,1013)

HWRITEINPRINT1023)

WRITE(NPRINT,1013)

WRITE(NPRINT,1033)

WRITE(NPRINT,1013)

WRITE(NPRINT,1C03)
993 FORMAT(LIH 1y 4Xy51H ®xmkdskiokiksiiokiihhk kR E ki kk kAR RREE R KR RRKAERN

ke
100311:3;";\1'(5)(,51“ B sl s T e e T e e PR T e L L Sl )]
1013 FORMAT({5Xy51H * x)
1023 FORMAT (5X,51H * FINITE ELEMENT SOLUTION OF *)
1033 FCRMATI(5X,51H * STEADY s THI-REGIME s UNCONFINED FLOW - ¥)

READ AND PRINT GENERAL DATA

[aXaNs

READ(NREAD,1011)NPRO8, I VEL,I1DISCR,ORELAX $1
1011 FORMAT (3110, F10.2)
DO 4800 JPRO=1,NPROB
E(NPRINT 9003} JPRO .
9003 :gé;A;(///,ZBX'SO('*')quZOX.'t',l3x.'PROBLEM NUMBER =t
1 16¢12Xy4 %1,/ 420X,5001'%4}})
READ(NREAD, 2003) RW,RD 4HI, THy HTOL : $1
ORMAT (5F10.2)
2003 SRITE(NPRINT.2193)RH.R0,HG.TH.ORELAX'HTOL
2193 FORMAT{// /920X, *GENERAL INPUT DATA',//y
10X, *RADIUS OF WELL ='4F10.24//4
10X, * EXTERNAL RADIUS =7,F10.24//,
10X, * HCIGHT CF WATER TABLE AT EXTERMAL RADIUS =%;F10.2.//,
10X, Y INITIAL SATURATED THICKNESS OF AQUIFER =',Fl042¢//7
10X, "OVER-RELAXATIOH FACTOR  ='4F10.24//,
10X, *PRESCRIBED HEAD TOLERANCE ='»F10.21 .
READIMREAD, 201)1GP, NSTEP $
201 FORMAT(2110) '
HRiTE(NPRINT.IQB)IGP.NSEEPIVDEX . 15077
Xq*GRAVEL PACK I} 2t 154//
xqleORMAT(/’:gx:'APPLY"13.' STEP ITERATIVE SCHEME®)

NP, WN -

c
C READ IN MATERIAL DATA
¢ .

READINREAD,2013) AK,BK,VCR $1
2013 FORMAT(3F10.3)
PMK=1./AK
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IF(VCR.GT.0.00001) PMK=1./{AK+BK*VCR)
HRITE(NPRINT,23) AK,BK,VCR
23 FORMAY{(//,20Xy*AQUIFER PROPERYIES *://,
1 10Xy *FORCHHE IMER COEFFa A =%4Fl0e49//
2 10X, ' FORCHRE IMER COEFF. B =%,F10.4y//y
3 10X *CRITICAL FLOW VELOCITY =',F10.4)
RGP=RW .
IF(IGP.EQ.O) GO YO 29 .o :
READ(NREAD;331}AGP{BGPyVGPy THGP+BTGP $1,SK
331 FORMAT(5F10.3) : .
RGP =THGP+RW
GRGP=AGP*VGP +BGP*VGP*%2
PMGP=1./AGP
IF(GRGP.GT.0.) PMGP=VGP/GRGP
HRITE(NPRINT y 153)AGP4BGP VGP 4 PMGP
153 FORMATY (// /420Xy *GRAVEL PACK PRUOPERTIES*///
L1OX,*COEFFICIENT A =¢,F10.4//
10Xs "COEFFICIENT B = *4F10.4//
10X, *CRITICAL VELOCITY = *%,F10.4//
10X, "COEFFICIERT K = ¢ 4F10.4//)
WRITE(NPRINT,163)THGP,RGP |
163 FORMAT (10X, THICKNESS OF PACK =*,F10.2//
1 10Xy *RADIUS OF PACK =*,F10.2//)
29 CONTINUE .

SWN -

coo

READ ON WELL ORANWDOWN OR HYDRAULIC HEAD

READ{NREAD, 2023 } HW . R $1
2023 FORMAT(F10.2) . : ..

Aok gk ok koK ok & ek
% %
* BLOCK 2 *
% *
sk ool s e ok oo ok e e

READ AND PRINT DISCRETIZATIIN PARAMETERS.

(s 2o NN N XulsNy

READ(NREAD; 901 )FRLEN; SCFACs XLMAXs IREG,NMIN _ $1

901 FORMAT (3F10.2,2110) e
READ {NREAD,801INDSC sNSCREN N P $1

801 FORMAT (2110} U "~
IPENTR=0

READ WELL SCREEN DATA

[« X3 X2

WRITE (NPRINT,553)
553 FORMAT (//+5X, *SCREEN NDo® 410Xy *BASE HEIGHT® 414Xs ' LENGTH'y//}
SCLEN=0.0 )
DO 702 I=1,NSCREN . ’ #NSCREN*
READINREAD, 601 )XSCR(I1, HSCRII} . - R $1
601 FORMAT(2F10.2)
SCLEN=SCLEN+HSCR(I)
WRITE(NPRINT $563) 14 XSCR{I),HSCRII}
563 FORMAT(7X416313XsF11.2¢8XsF10.2}

702 CONTINUE B /%
c . C ,
c GENERATE AND PRINT DISCRETIZATION DATA.
c , .
~ CALL GXNODU({TPENTRs NDSC¢SCLEN, FRLEN, SCFACs XLMAX, IREGy NMIN s RWy RO,

1 TH¢NNODE y NEL EMy LVEC ¢ NL Mg NVLST  HELGHT s NDFLEX HOy Hiy IDISCR)
c
c GENERATE IPROP.
c

CALL AQPROP{NCLEM,RGPsBTGP, THsIGP)
c
C Rk kR kR Ek ok Ek -
c * - , .
c * BLOCK 3 *
C * . x
C Sepdks ki bkKk kX
c
c FIX VALUES AT BOUNDARIES THAT HAVE VALUES FIXED BUT NOT EQUAL 0.0
c .

HHDR AW = HW —HO

HODRAW=0. C

2B=TH-SCLEN

IF(IPENTR.EQ.0) ZB=SCLEN

NDH=NDVEC (1)

NDRO=NDVEC (L VFC}=NDVEC(LVEC-1)

CALL BMDF IX { Hi y HOy NNODE s NBD, N DWs NDRD s NBHy NSCREN s RW)

NBQ=NBW+1
C .
c MODIFY VECTORS JBD + DISP
c

CALL BNDMOD{NBW, HW, NBD, 14N8DTO}
HWRITE (NPRINT,203)
203 FORMAT(/77//110X, PRESCRIBED NODES AND HCAD VALUES®y//+
1 10Xy "NODE® 46Xy *PRESCRIBED VALUES*4//)
DO 200 I=1,N8D _ .
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WRITE(NPRINT,213)38D(1),DISPLI)
FORMAT(8X,15,08X%3FL0.3)
CONTINUE

IFINSTEP.EQ.1) GO TO 706

FOR TWO STEP ITERATION,ALSO PPRESCRIBE FRCE SURFACE POINTS.

IST=NBD+1
TEND=NBD+LVEC~1
J=0

DO 806 I=IST,IEND
J=J+]

JBD(I J=NDVEC(J)
DISPLI)=HF(J)
CONTINUE
NBDTO=1END

CONT INUE

FIND BANDWIDTHS ETC.

CALL EBFIN3(LEN,NELEM,;3,NNODE}
WRITE(NPRINT,233}LEN
FORMAT(////7/+10X, 2 5HLENGTH OF GROSS VECTOR = ,184//)

FORM MATRIX ELK

NT=0

NN=3

DO 135 I1E=1,NELEM
CALL ELKGEN(IE,NT}
CONTINUE

SET IDARCY
DD 99 I=1,NELEM
YDARCY(I} =0
CONT THUE
NB]lS=NBW
IF(XSCR{1).GT.0.} NBIS=0
SET UP LOOP FOR ITERATION ON H

HRITE (NPRINT 4 1583 ) HW

1583 rDRHAT(‘1‘|//f:101,'*#*#*##*k##tttt#*tt*tttt#t*t#t«#*ttttttt',I.

O OO0

OO0

OoO0On

117
94

305

-300

1 LOX, 1% HATER LEVEL IN THE WELL =, FT.2,3X %" ,/,
2 LOXy " ¥tk kK SRR R DA SR e TR AR KL AR AE AT REREFE &K )
VCOUNT=0

SFTOL=HTOL

NCOUNT =NNODE

ONE OR TWO STEP ITERATIVE LJ0P.
DO 999 111=1,10

NHW=0
NBP=NBW+1

CALL BNDMOD(NBW,HW,N8D,1,NBDTO}
IFINBIS.EQ.0) GO TO 94

DO 117 I=1,NBW
CK(I,11=D1SP (1)
TF(CK{T 1 oLELHW) NHH=NHH+1
CONTINUE

CONT INUE

DO 899 ISTEP=1,NSTEP
IF(ISTEP.EQ.2) NBP=NHW¢1
IFINBIS.EQ.0) NBP=1

DO 305 I=NBP,NNODE
CKt1,11=0.0

CONT INUE

IF{ISTEP.EQ.2} GO TO 509
EAEEEER AR AR b

* *

* BLOCK 4 %

* : *

e Rk h Ry kK

ZERO GRDSS STIFFNESS MATRIX AND LOAD MATRIX

DO 300 I=1,LEN
VK{1})=0.0
CONTINUE

MODIFY MATRIX ELK

IF(IIT.EQ.1) GO TO 307
NT=0

DO 207 ITE=NLM,NVLST
CALL ELKGEN{IE,NT)
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o000

o000
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207

307

755

365

350

122

1202

509

709

719

7199

1302
809

482

250.
CUNTINUE

MODIFY VECTDRS JBD ¢ DISP,

NBX=NBYW

CALL BNOMOD{NBXyHH¢ NBD¢yNSTEP, NBDTO)
CONTINUE

COMPUTE STIFFNESS MATRIX FOR EACH ELEMENT AND MERGE .

FOR III=1 ONLY PERFCRM SOLUTION FOR DARCY CASE

DO 350 I=1,NELEM

NY=NREP(I}

IF(IPROP(I}.EQ.0) GO TO 755

AKK=AK

BKK=BK

PKK=PHK

GO TO 365

CONT INUE

AKK=AGP

BKK=BGP

PKK=PMGP

CONTINUE

CALL ELGENU(T+TII4AKKyBKKsNT, VCOUNT, PKK}
CALL MERB3(NN, I}

CONTINUE

I=NDVEC({1)¢l R
LNN=ID(1)-1 )
DO 122 I=1,LNN -

VKQ(I}=VK(I)

CONTINUE ’

DO 1202 I=1,LEN

VD{TI)=VK(1)

CONTINUE

NBF=NBD

IF(NSTEP.EQ.2) NBF=N8DTO
GO TO 809

CONTINUE

SHUFFLE MATRICES JBD + DISP.

3=0 T
DO 709 I=1,NBW N T
HHTEMP=HW+0.01

IF{DISP(I).LE.HWTEMP) GO TO 709 ,
J=Jdel -
JSEEP(J)=JBD(I) o
JBD(T)=JBD(NBH+I)

DSEEP({JI=DISPLI)

DISP(1)=DISP (NBH+J)

CONTINUE

NBF=NBD-J

IF(J.EQ.0) L=NBW

IF(J.EQ.0) GO TO 7199

DO 719 I=1,J
IPOS=JSEEP(I)
=NBW~J+I
CK{IPOS,1)=QWB(L}
CONT INUE
CONTINUE
I1P=1P0OS+1
CK(IP,1)=QWB(L+1)

REGENERATE MATRIX VK.

DO 1302 I=1,LEN
VK{T)1=vD(I])

CONTINUE

CONTINUE

kR Rk kkhkkkkEk
* &
* BLOCK S *
* . x
kKRG Sk A&

SOLVE EQUATIONS BY BANDED SILUTION SCHE ME

NLL =1

NBM=NBP-1 : :

CALL QFLUX{NBM;NNODE)}
IF(NBF.LE.NBD) GO TO 482
CALL SHUF (1, NBD,NBWNBDTO}
CALL SYMSOL {NNODE,NLL,NEM]
CALL SHUF (2, NBDyN3W,NUDTO)
GO T0 582

CONTINUE



582

949

" 959

o000

T29

CALL SYMSOLINNODE,NLL NEM)
CONTINUE

IFINSTEP.EQ.1) GO TO 959
IF(ISTEP-EQ.2} GO TO 959
DO 949 I=1,NNODE
H{I)=CK(1 1)

COMTINUE

NBEQ=NBHW+1

QSUM=0.0

CALL QMUL (NBQ, QSUM)
CONTIKUE

IFUISTEP.EQ.1) GO TO 899

RESHUFFLE MATRICES JBD + DISP.

IF(J.EQ.0) GO TO 899

DO 729 I=1,J

JPOS=NBH=-J+]
JBDUIPOS)=JSEEP(T}
DISP(IPOS)=DSEEP(I)

CONTINUE

IF(ISTEP.LT<NSTEP} NBP=NBW+i-J

899 CONTINUE

IF(III.EQ.1) GO TO 9S00

415 CONTINUE

NCOUNT=0

EMAX=0.0

DD 450 I1=1,NMNODE

EPSI=CK{I,1}-HI{I}
IF(ABS(EPSI).GT.EMAX) EMAX=ABS(EPSI})
IFUABSIEPSI).LE.HTOL) GO TO 460
NCOUNT=NCCOUNT+1 :
HII}=H{I)+0ORELAX*EPSI

GO T0 450

460 CONYINUE

H{I1=CK(1,1}

450 CONTINUE ) '
473 FORMAT(//410X, " TOLERANCE COUNTER FOR HEAD

1 10Xy *ABSOLUTE MAXIMUM ERROR [N HEAD

GO TO 1999

900 CONTINUE

DO 950 I=1,NNODE
HII11=CK{I,1)

950 CONTINUE
1999 CONTINUE

C
Cc
C

OO0 A0

OO0O00O0A0

999
1000

413

433

1
F4

470

799

REGENERATE 1DARCY

=,134//y

251,

=1 4Fl12.4)

00 199 1=14NELEH

JI=R0D(I, 1) AL,BL,PML,VCL)

J2=NOD(1I, 2}

CALL HYPROP(I,AK,BK,PMK,VCR, AGP, BGP, PMGP, V&P,

J3=NOD(1, 3)
NT=NREP(I)

CALL VCHEC3(IsALyBLyJ1yJ23J34NT,PMLsVCLsHRRXyHRRY)
199 CONTINUE

MODIFY THE VARIABLE MESH.

CALL MOMESHIKSURF; ESMAX+LVEC,NDFLEX, SFTOL,HEIGHT,0RELAX)

PRINT OUT ADJUSTED FREE SURFACE POSITON.

IF(NCOUNT .EQ.0Q) GO TO 1000
CONTINUE

CONTINUE :
WRITE(NPRINT 413} I11

FORMAT(// 10X, *"NUMBER OF ITERATIONS REQUIRED =*,110)

HPRITE(NPRINT s 473 INCOUNT s EMAX

CALL HOUT (NNODE,HO s H®4RO)

CALL SURDUT(KSURF,ESMAXLVECysNDFLEX)
IFINCOUNT .NE.O) GO TO 5000
FORMAT{*1* 420X, *FINAL SOLUTION®,///»

DO 470 T=1,NNODE
RHO=0.5*X (1,1)/TH

T2 =X11+2)/TH
SOLESS=(HO-H{I})/(HO-HH)

CONTINUE

E 22223 EER L &R
* *
« BLOCK 6 %
= *
¥kttt dhh kg

EVALUATE VELOCITY AND GRADIENT USING FINAL HEADS

CONTINUE
VCOUNT=1

5Xy *NIDE* 4 10X4"R~-CO0RD® 410X, *Z-CO0ORD* 10X, *HEAD',
10X, *RHO-CODRD* 410X, 'TZI-COORD" 410X, *CRAWDOWN RATIOY, /)
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COMPUTE AND PRINT ELEMENT VELOCITIES

IFCIVEL.EQ.0) GO TD 13509
HRITE(NPRINT 41203}

1203 FDRMAT('I"///|20X,‘**###****#m#t**t**ﬁt#t#*tt#t###*t#**#t##'/

(X2 X2X2K2 X3 K2 k12N s K2 N Y eRu a2 k2 X e 2 Xa AnXal

OO0

1 : 20K, **

ELCMENT VELOCITIES LN

4 © 20Xy TEREAKRK R R RRA S ER RN AA A SR E KL R EEE R R ) )]
310X, *ELEM NO. 510, 'RADIAL VEL' 410Xy * VERTIC VEL',10X,"FDARCY*4///)

DO 3000 1=1, NELEM

J1=NOD(T, I}
J2=HOD( 1, 2)
J3=N0OD(1I, 3)
NT=NREP(1)

| N

CALL HYPROP(I AK, BK,PMK,VCR AGP, BGP, PMGP, VGP,
ALsBL, PML,vCL)

CeLr VCHECB(IyAL;BL,JI-JZ,JZ;NT.?HL'VCL,HRRX,HRRY)

VCOMPL==VEL (1) *HRRX
VCOMP2=-VEL{])%*HRRY

WRITE(NPRINTy 1103)1,VCO4P 14VLOMP2,IDARCY( 1)

1103
3000 CONTIMUE
3509 CONTINUE

CALL QCALC(NBQ, QSUM}
BLEAK=RO
J=1

COMPUTE DISCHARGE INTO WELL.

FOPMAT(IOX'IJ.Z(IOX;Y10.3)110X,15)

CALL TCURV3(HO,BLEAK,NNODE, QSUMAK,BKsPMKyTHJ)

IF SO REQUIRED, USER MAY CALL HIS PLOTTING SUBROUTINES

AT THIS LOCATION.

OADOHOO0

THE FOLLOWING PLOTS MAY BE OBTAINED -

(1) DISCRETISATION PATTERN,3IBTAINED BY USING VARIABLES NODyX,

NELEM,NNODE

(2) CONTGURS OF HYCRAULIC HEADS:OBTAINED BY USING VARIABLCS
Hy X+ NNODE, NODy NELEM
(3) DIMENSIONLESS TYPE CURVES,OBTAINED BY USING VARIABLES HLESS,

TLESS,NNODE

(4) VELOCITY FIELD,OBTAINED BY USING VARIABLES VEL,X NOD, VCOHMP1,

vCoHMpP2

(5) LODCATICN OF NON-DARCY FLOW 20NE, OBTAINED BY USING VARIABLES

IDARCYs NEL EM

(6) FREE SURFACE CURVE,JBTAINED BY USING VARIABLES HF,RVEC

5000 CONTINUE
4800 CONTINUE
stop
END

SUBROUT INE GXNODUIIPENTR,NDSC,
LNMIN: RW; ROy T Hy NNODE ¢ NELEM,LVEC

2 IDISCR}

SCLEN,FRLEN, SCFAC, XLMAX s I REG,

s NLMoNVLSTHEIGHT yNDFLE Xg HO s HH,y

GENERATES NODAL COORDINATES AND ELEMENT CONNECTIONS.

COMMON ZADISC/X(30042)sNOD{500, 31 4NREP(500)
COMMON /BOISC/RVEC{50),:NDVECIS50), XLEN(1801}
COMMON JAELEM/NTRAN(3,90) 4NHL{349C)sNH2(3,90),NDBL{ 3,901},

INDB2(3,90 )}y NDWB(3)

COMMON /AFREE/HF(50 )y NVMESHIL20),NVELM(150)

SCLEN = TH
DATA MREAC,NPRINT/1,3/
NESC=NDSC

CALL DCRGN3[RO,RH,SCFAC,FRLEN,NKR ¢ XLMAX)
CALL HFREE{RGC, HW,HSEEP H)yRW¢sNRR)

TH=0.5*HF (1)

IF(TH.LT.SCLEN) NOWBE1)=NOSC
JF(SCLENGT.HF{1)} i SCLEN=HF{1])-0.02

NRST=2
NFR=NDHWB{ 1)-NDSC/2
NSTFR=NOW 811 )+NDSC/ 242

TF(NDWB({1).EQ.NDSC) NSTFR=]
TF{NDWNB(1).EQ.MDSC) NFR=NDWB(1)}

IFINDWB{1).50.K05C) NRST=1

NTOP=0.4*NFR¢1
IF(NRST.GY.1} NTGP=NTOP+1
NSTOR=NRST

NOWB{ 1) =NPSC+NTOP-1

D3 10 L=1,2

CALL NCRG UXCNFR,IREG.NRR,NHXV,NSTFP NRST . IPENTR,L ]

NRST=1

NSTFR=NFR

NFR=NTOP
10 CONTINUE
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303
94

253,

NRST=NSTOR

NSTFR=}

IF(NRST.GT.1) HSTFR=NDWBI 1)-NTQP+1
CALL NCRGUZINSTFR,NRER,NRSTyNDSC]}
IF{IDISCR.EQ.O)} GO TOU 94

WRITE (NPRINT, 303}

FORMAT('L1',20X "DISCRETISATION '
CONT TNUE »'DIS DATAY)

DISCRETISE YHE ENTIRE REGION INTO FINITE ELEMENTS.

NRST=NSTOR

KCREP=1

NTSEL=1 h

DO 631 L=1,2

IF(L.EQ.2) NRST=1

IFINRST.EQ.1)} GO TO 655

CALL DCRFSTIIPENTRyNDSC,KCREP ,NTSEL)

655 CONTINUE

65
69
691

17

63

93
80
104

97
87

537

75

DO 65 I=NRST,NRR

N1=NH1(L, 1)

N2=NH2(L, 1)

N3=MNH2 (2, 1)

IFC(NL.EQ.3) cAND.(N3.EQ.0)) NLMX=NTSEL
IF(N2.EQ.0) GO TO 89

MFNDL=NDBI(L,1)

NFND2=HDB2(L,1}

NPAT=NTRAN{Ls 1)

CALL BBLOCK{KCREP;N1,NFND1,NFND2,NPAT,NTSEL)
CONTINUE | : :
JF(L .EQ.1) NLM=NTSEL

CONT INUE

NHL(1,[}=2

CONT INUE

TF(N2.NE.O) NLMX=HLH

NELEM=NTSEL-1

DO 77 I=NLMX,NELEM

NREP{] ) =NREP (I-1)+1

CONT INUE

PRINT DUT ELEMENT DATA.

NELEM=NYSEL-1

IF{IDISCR.EQ.0) GO TO 104

WRITE(NPRINT ,83) .
FORMAY(///,10X,46H IDENTIFICATION OF ELEMENTS - NODE CONNECTIONS,/
1//¢12Xy THELEM NOg EO Xy SHNODELy-10Xy SHNODE 2 4 LOX s SHNODE 34 10Xy LTHREPETI
2TI0NM NUMBER, f/)

DD 80 [=1,NELEM

WRITE (NPRINT393) 1, (NOD( T,K}¢K=14314NREP{)

FORMAT ( 10Xy I15,3(10X,15) 412X415)

CONT IMUE

CORT INUE

GENERATE NODAL COORDINATES.

HRST=NSTOR
NS=1

RI=RW

MM=1

HEIGHT=TH

DO 75 I=1,NRR

DXG=XLEN{ )

21=0.0

TH=HE I GHT

NN2=NH1(2,1)

IF{NN2.EQ.0) GO TO 537

DO 87 L=1,2

IF(I.LY. NRST) GO TO 97
NN=NH1(L, I}

CALL COORDCUNS¢sMMsNNsDXGy THsRT21)
LI=TH

NS=NS-1

RI=RI-DXG

TH=HF (1 }~HKETGHT

GO TD 87

CONT INUE

CALL CORFST{IPENTRyNDSC,SCFAC,RTyTH,;SCLENsRH4NS)
CONTINUE

R1=R1+DXG

NS=NS+1

GO TO 75

CONTINUE

THeHF (1)

NN=NHI (1, 1)

CALL COORDCUNS g MM NNsDXGy THyRT 2T}
CONTIMUE _
IF(NH2 12, NRR}.NE.O) GO TO 999
NN=NHL {1y NRR)
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TH=HE (NRR+1)

CALL COOHDCINS yMM NN,OXGyTHsR1421)

GO YO 909
999 CONTIMNUE

21=0.0

TH=HEIGHT

NN=NH1{Ll,NRR) -

CAaLL COORDCINS ¢yMM NNy DXGy THyR1,21)

RI=RI-DXG

ZI=TH

NS=NS-1

THaHF (I )--HEIGHT

HN=NH1 (2, NRR)

CALL COORDC(NSyMMyNN,DXGsTHsRI+Z1)
909 CONTINUE

PRINT OUT NODAL CDORDINATES.

NNODE=NS-1

IF(IDISCR.EQ.0) GO TO 114

HRITE(NPRINT,103)
103 FORMAT('1'410X,* NODE DATA'4//+10X;* NODE",5X,'R-COORD"',5X; *Z-COOR

1D%s//)

DO 85 I=1,NNODE

HRITE(NPRINT 411301, {X(I,K)sK=1,2]}
113 FORMATI(10X:14,2F11.2)
85 CONTINUE
114 CONTINUE

GENERATE TQP FREE SURFACE NDDE VECTORS.

DETERMINE RADIAL EXTENT OF VARIABLE MESH.

NDTYO=NNODE
CALL FRVEC(HEIGHT,LVEC,NDTOyNLM,NVLST,NDFLEX;NELEM, IV}

PRINT OUT FREE SURFACE NODE VECTORS.

IF(IDISCR.EQ.O) GO TO 124
WRITE{NPRINT,223)
223 FORMATI(///420X+*TOP BOUNDARY NODES AND RADIAL COORDINATES.!'///s
1 10Xy *NODE NUMBER*, 20X, *R—COORDINATE' 20X, " SURFACE HEIGH
2T /1)
DO 335 I=1,LVEC Coee
HRITE (NPRINT »333)NDVEC{I) RVECII) HF(I)™ o :
335 CONTINUE .
333 FORMAT(10X,17+2{25X4F10.2)}

PRINT OUT NODES OF FLEXIBLE Z-COORGINATES.

WRITE(NPRINT 3433) (NVMESH(I),I=1,NDFLEX)

NLM=NLMX

WRITEINPRINT 4533} NLM,NVLST
433 FORMAT(// /420X, *NCDES OF FLEXIBLE Z-COORDINATES'.//4,10(5X,151})
533 FORMATI(///:20Xe *ELEMENTS GF VARIABLE SHAPE ARE NUMBER',

1 16¢2Xs'TO*,16)

124 CONTINUE

RETURN

END

SUBROUTINE NCRGUL(NFRy IREGyNRRyNHINyNSTFRyNRST IPENTRsL)

GENERATES DISCRETIZATION PARAMETERS:— NTRAN,NHI ,NHZ2 ,NDB1,NDB2
ONLY FOR REGIONS 2 TO NRRJREGION 1 IS SPECIALLY TREATED.

COMMON /AELEM/NTRAN{3,90)+NHL (3,904 ,NH2(3490),NDBL(3,90),
1NDB2{3,50),NDWB( 3}

NC=NFR

NCOUNT=0

DO 10 [=NRST,NRR

IRGG=IREG

IF{(T.EQ.NRST).AND. {IPENTR.NE.O}) IRGG=0
IF{(L.EQ.1).AND. tI.EQ.1)} IRGG=0
IF({L.EQ.2) . AND.(I.LE.5)) IRGG=2
NCOUNT =NCCOUNT +1
IF(NCOUNT.LT.IRGG) GO TO 20
NCOUNT=0

NHALF=NC/ 2

NREM=NC-2*NHALF

1F(L.EQ.2) NREM=0

IF{NREM.GT.0) GO TO 15

NCl=NC-1

IF(NC1.LT.NMIN)} GO TO 20
NTRAN{L,I)}=2

NC=NC1

NH2(L,I}=NC

NHL{L,I)=NCe¢l

GO TO 10

" 15 CONTINUE

NC1l=NHALF+1
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IF(NC1.LT.NMIN) GO TO 20

NTRAN{L,I)=1

NC=NC 1

NH2 (L 4 1) =NC

NHL{L, T )= 2%NH2 (L, 13 -1

GO TO 10 o
CONT INUE , : '
MH2(L,1)=NC :
NYRAN(L,1}=0

NHL(Ly T1)=NH2(L,1)

CONTINUE

RETURN

END

SUBROUTINE NCRGU2(NSTFRyNRRyNRST;NDSC)

MODIFIES NH1,NH2 AND COMPUTES NDB1 AND NDB2.
COMMON /AELEM/NTRAN (3590} 4NHL( 3490} 4NH2(3:90} sNOB1(3,90},

INDB2(3,;90),NDWB(9)

10
15

35
28
25

29

39

50

60

48

58

IPOS=NRR+2
IDUM=1P0S~1

DO 10 I=1,NRR
N1=NH1 (1, 1)
N2=NH1 (2, 1)
IF(NY.NE.N2) GO TO 10
IF(N1.EQ.2) GO TO 15
CONTINUE

GO TO 25

CONTINUE

IP1=1+1
IF(IP1.GT.NRR} GO TO 28
NH1(1,1+1)=3
NH2(2,1+11=0
JPOS=1+2

IDUM=T1+1
NTRAN(1,1+1)=2
NRCOM=T+2

DO 35 I=NRCOMsNRR
NHL(2:1)=0
NH2(2,1)=0

CONTINUE

CONTINUE
TF{NRST.GT.1) GO TD 29

J=NRST - S
NOBL{1,J)=NSTFR

NDB2(14J) sNSTFR#NHL (1,J14NHL(2,J)~1
NDBL(2yJ)=NDBLL1,J}+NH1{1,4)-1
NDB2{2,J1=NDB2{1,J)+NH2({1,J)-1

Jugel

GO TO 39

CONT INUE

NDB1(2,1}=NSTFR

NDB2(2, 1)=NSTFR+NH1 (1, 2)+NDSC /24N TOP

CONTINUE

DO 50 1=J,NRR
NDB1{1s1)=NOBL{1,I-1)4NHL(1,I~L)¢NHL(2,1-1)~1
IF(I.EQ.IPOS) NDBLU1,1}=NDBL{1sI)-1
IF(1.GT.IPOS}) NDB1(1,1)=NDBL{1,I)¢}
NOBL(2,1)=NDS1(1, I}4NHI(1,1}~1

IF(1.EQ.IDUM) NDBL{2,1)=NDB1(2,1)-1

CONT INUE

NR1=NRR-1

DO 60 I=J,NR1

NDB2(1, 1)=NDB81(1,1+¢1)

NDB2(2,1)=NDB1(2,1+1)

CONTINUE

IE( IPOS.GT.NRR) GO TO 48
NDB2{1,NRR)=NDBL {1, NRR) ¢NH1 (1 ,NRR}+NH2{ L4NRR)~2
NDB2(2,NRR1=NDB2{ 1y NRR) +NH2({1,NRR} -1

GO TO 58 ‘
CONTINUE
NDB2(1¢NRR}I=NORL{ 1, NRR)+NHL(1,NRR} +NHI1{ 2,NRR}—-1
NDCB2(2 yNRRI=NUB2 {1y NRR) tNH2 (1 yNRR }~1

CONTINUE .

RETURN

END
SUBROUTINE HFREE (RO sHW,HSEEP, HOsR Wy NRR)

COMPUTES THE HLOIGHT OF FREE SURFACE BY EMPLOYIRG HALL'S FORMULA.

COMMON /BCUISC/RVEC{50),NDVEC{ 501, XLEN(180}
COMMON /AFREL/HF(S50 )y, NVMESH{120},NVELHI150)
FACA=].0- (HW/HO) ¥%2 .4

FACB=1.0+{5.0%RW) /HO

RATIO=ALOGINRO/RA])

FACC=1.0¢0.02%RATIO

HSECP= (HO-HW ) *FACA/ (FACB¥FACC ) ¢HW

~COMPUTE VECTOR HF
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R=RH

HF( 11=HSEEP

DO 10 KK=14NRR

DX=XLENIKK)

R=R+DX

FACD=2.5%R/ (RO-RW)

FACE=1,5%(R/ROI¥%1.5

Kl=KK+1

HF (K1) =HSEEP + (HO~HSEEP) ¢ FACD~FACE) !
IFIHF (K1) .GT.HO! HF (K1) =HO ;
CONTINUE

FOR POSITIVE CORRECTION,LOWER ESTIMATED FREE SURFACE.

HSEEP=HSEEP-(HO-HSEEP}*0.10

NPR=NRR+1

DO 20 KK=1;NPR

HEIKK )} =HF (KK}~ {HO-HF (KK )} #0.10

CONTINUE

RETURN

END

SUBROUTINE DCRGN3 (RO, RH 3 SCFAC, FRLEN; NRR s XLMAX )

GENERATES DISCRETTZATION PARAMETERS:— NRR, XLEN

COMMON /BDISC/RVEC{S50),NOVEC(50), XLEN{ 180}
HAXNR=89 :

XLEN{1)=FRLEN

RLEN=RO-RHW

SUMA=XLENC L)

DO 10 I=2,MAXNR

XLEN{T)=XLEN{I-1)%SCFAC

IFIXLEN(TI).GT.XLMAX] XLEN{I)= XLHAX :
SUM=XLEN( I)+SUM ) O
IF{SUM.GT.RLEN) GO TO 20 : :
CONTINUE

CONTINUE

XREM=RLEN+XLEN(I)}-SUM

RRR=1

DENOM=1 .4+SCFAC+SCFAC*%2
XLEN{I-2)=(XREM+XLEN(I-1)+XLEN(I-2])) /DENOHM
XLEN{I=1)=XLEN(I-2}%*5SCFAC

XLEN(T )=XLEN(I- II*SCFQC

RETURM

END

SUBROUTINE DCRFST{IPENTRyNDSC,KCREPsNTSEL] "

GENERATES DISCRETIZATION DATA FOR COMPOSITE REGIONS.

COMMON /ACISC/X{300,2)4N0OD(500,3)4NREP(500)
COMMON /AELEM/NTRANI34390)4NHL(3:90)+NH2{3,90)4NDB1(3,901},
INDB2(3,901, NDHB(9)

KCREP=1

NSEL=1

IF(IPENTR.EQ.C) GO TO 60

NUPEN=NDOWB(L)-NDSC +1

N1=NUPEN

N2=2

N3=Nl

NFND1=1

NFNDZ=N1+1

NFEND3=NDWB(1)+2

NTSEL=1

NCPAT=3

CALL CSLOCK(KCREP;NL,N2yN3,NFNDL,NFND2;NFND3,NTSEL,NCPAT}
N1=NDWB(1)}-NUPEN

NPAT=1

NFNDL =NFND2+1

NFEFND2=NFNDL+NDWB({1)}-1

CALL BBLOCKIKCREPsNLyNFND1,NFND2,NPAT,NTSEL)
NCPAT=3

N2=N1/2+1

N1=NDW3[1)-N2

N3=N1

NFMNDL=NDHB(1)}+2

NFND2=NFND1+N1

NFND3=NFND2+N2

CALL CBLOCKIKCREP;H1,4N2,N34NFNDI,NFND2, NFKD3¢NTSELyNCPAT)
G0 TO 5190

CONTINUE

HTSEL=1

NUPEN=NDSC

NCPAT=-3

N1l=NDHEBI(1]}

N2=NUPEN/ 241 _

N3=NL1-N2+1

IF(HN2.EQ. NUPEN) N3=N1

HFND1I=1

NENDZ »NFHDL +N1
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NFND3=NFND2+N2

CALL CBLDCKIKCREP.N1;N2.N3pNFNDl.NFNDZ.NFND3,NTSEL,NCPAT)

CONTINUE
RETURN
END

SUBROUTINE CORFST(IPENT R¢NDSC,SCFAC,RIs THy SCLEN 4Ry NS)

GENERATES NODAL CODRDINATES FOR FIRST COMPOSI TE REG IONS.

COMMON /ADISC/X(300,2),NOD(500,3},NREP(500)
COMMON /BDISC/RVECE 503 NOVELL 501, XLEN( 180}
COMMON !AELEH/NTRhN(B.?O}uNHll3g?0].NH2(3:90|;
INDB2(3,90),NCWB(9}

NS=1

IF{IPENTR.EQ.0) GO TO 60

PENLEN=SCLEN
XL1l=RW
XL2=XLENI{1)

NUPEN=NDWB(1)=NDSC+1

N1=NUPEN

N2=2

N3=N1
THL=TH~PENLEN
TH2=THL1/{(N1-1)
RI=0.0

NPAT=3

CALL COORDLINS,NL,N2,N3,XL1l

R1=RW
NS=N5S~1
MHM=1
NN=NDSC-1 -
DXG=XLEN(1}
LI=X{NS,2)
THI=PENLEN

CALL COORDCINS ;MM NNyDXGyTH1,RI Z1)

XL1=XLEN(2]}
XL2=XLEN(3)
N1=NDWB(1)-NDSC/2
N2=ND5C/2 :
N3=N1

TH1=TH
THZ=PENLEN

CALL COORDL(NS,Nl,
GO TO 400

CONT INUE

NPAT==3

RI=RH

THL=TH

TH2=SCLEN
N1=NDWB(1)
N2=NDSC/2+]1
N3=N1-N2+1

XL1=XLEN({ 1}/ (1.+SCFAC)

XL2=SCFAC=XL1

NDB81{3,90}),

#XL23THLy TH24yRI4NPAT)

N2sN3,XL14XL2yTHLs TH2,RI4NPAT) - :

CALL COORDLINSy;N1;N24N3,XLL1,XL2,TH1+TH24RI+NPAT] .

CONTINUE
RETURN
END

SUBROUTINE UBLOCK{NFND1 yNFND2,4NFND3,NPAT,NTSEL,KCREP]}

GENERATES ELEMENT CONNECTIVITIES IN GRADED UNIT BLOCK.

COMMON /ADISC/X(300,2)}4NOD(500,3) +NREPI(5001}

K=0
1FINPAT.NE.3) K=l
ICOUNT=0
NST=NTSEL
NLST=N5T+2

DO 10 J1=NST,NLST
NREP(J1}=KCREP
KCREP=KCREP+1
ICOUNT=ICOUNT+1

IF(ICOUNT .EQ.2}) GO TD 20
IF({ICOUNT.EQ.3) GO TO 30

NOD(J1y1)=NFNDI
NOD(J1¢2)=NFND2
NOD(J1,3) =NFND1+1
GO TO 10
CONTINUE
NOD(J1s1) =NFNDI+K
NOD{J 1,2)=NFND2
NOD(J1,3) sNFND3+K
GO TU 10

CONT INUE

NOD(J 141} =NFND2
NOD(J 142} =NFND3
NOD € J1, 3) sNFND3¢1
CONTINUE
NTSEL=NLST+1

257,
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RETURN
END

SUBROUT INE BBLOCK(KCREP 4N, NFND 1y HFND2, NPAT,NTSEL}
GENERATES EFLEMENT CONNECTIVITICS IN BASIC BLOCKS.

DIMENSION MD(3,3)

COMMON /ADISC/XI300,42)4NOD{500,3) yMREP({500)
NDU1s1)=NFMND1

HD(142)=NFND2

ND(Ly3)=HNFHDL+)
ND{2,1)=ND{1,3)
ND(24y2}1=ND(1,2}
RD(2¢3)=ND(1,2)+1
IF(NPAT.EQ.l) GO TO 200
IFINPAT.EQ.O0) GO TO 265
NTEMP=N1-2

DO 90 JJ=1,42

NST=NTSEL

HLST=NST+NTEMP

DO 40 J1=NST4HNLST
NREP{J1l)}=KCREP

KCREP=KCREP+1

DO 50 K=1,3

NOD{J1,K) =NO(JJyK)+ [JL-NST)
CONTINUE

CONTINUE

NTEMP=NTEMP-1

NTSEL=NLST+1

CONTINUE

GO TO 400

CONTINUE-

ND(3;1)1=ND(241)
ND(3,2)=ND{2,2)+#1
ND(3;3)=ND{3;1)+1 .
NYEMP=({NL1-1)/2~1

Li=2 '

L2=1

PO 250 JJ=1,3

L3=2

NST=NTSEL

NLST=NST+NTEHMP

DO 260 J1=NSTyNLST B
NREP{ J1}=KCREP R
DO 270 K=1,3 ’
IF(K.EQ.1} LL=LL

IF(K.EQ.2) LL=L2

IF(K.EQ.3} LL=L3
NOD{J1:K)=NDL{JJy KI+{JL~-NSTI*LL
CONTINUE :
CONTINUE

KCREP=KCREP+ 1L

NTSEL=NLST+1

CONTINUE

GO TD 400

CONTINUE

NTEMP=N1-2

DD 190 JJ=1,2

NST=NTSEL

NLST=NST+NTEMP

DO 140 JL=NST,NLST
NREP{J1)=KCREP

DO 150 K=1,3
NOD{J1:K)=ND(JJyK)+{JL=-NST)
CONTINUE

CONTINUE

KCREP=KCREP+1

NTSEL=NLST+1

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE CBLOCK(KCREPyN1yN2,N3,NFND1,NFND2,NFND3,NTSEL+NCPAT]}

GENERATES ELEMENT CONNECTIVITIES IN COHMPOSITE BLOCKS.
COMMON /ADISC/X{300,2)yNOD{500+3),NREPI500)
BLOCK1 :~ CONNECTS VERTICAL LINE 1 TO LINE 2.

NDF=N1-N3

NPAT=0

1FINDF .NE.O) NPAT=L
NF2=NFND2

IFINPAT.EQ.1} GO TO 20
NFL=NFNDL+{N1-N2}
IF(NCPAT.NE. 3) NF1l=NFND1
HN2=N2

NNl =N2
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GO TO 30

CONTINUE

NFL=NFND1+{N]1-2%N2+1)

IF(NCPATLNE.3} NF1=NFND1

NN2=N2

NN1=2%N2-}

CONTINUE

CALL BBLOCK(KCREP:NN[,NFL,NFZ,NPAT NTSEL)

BLOCK 2 :- COMNECTS VERTICAL LINE 2 7O LINE 3.

NS1=NF1

NS2=NF 2

NPAT=0

NN1=NN2

NF1=NF2

NF2=NFND3+N3-N2

ITFINCPAT.NEL3) NF2=NFND3

CALL BBLOCK(KCREP,NNLyNFL4NF2,NPAT ,NTSEL)

BLOCK 3 :— UNIT BLOCK.

IFINCPATLNE.3) GO TO 60
NF1=NS1-1

NF3=NF2-1

NF2=NS 2

GO TO0 T0

CONTINUE

" NFL=NFNDL¢N1-1-1N3-N2)

70

85

20
50

70
60

90
80

NF2=NFND2+N2-1

NF3=NFND3+N2-1

NS1=NF1

CONTINUE

CALL UBLOCK{NF14NF2,NF3,NCPAT yNTSEL, KCREP) .

BLOCK 4 :~ CONNECT LINE 1 TO LINE 3.

NF1=NFNDL

NF2=NFND3 . .
IF(NCPAT.NE. 3) NFL=NS1+1 . ' . -
TF(NCPAT.NE.3) NF2=NF3+1 oo
NN1=N3-N2

IF(NN1.EQ.1) GO TO 85

NPAT=0

CALL BBLOCK{KCREP,NN1,NF1,NF2,NPATNTSEL) -

CONTINUE

RETURN

END

SUBROUT INE COORDCUNS,; MMyNNyDXGy THsRI 21}

GENERATES NODAL COORDINATES.

COMMON /ADISC/X(300,2),NOD(500,3) 4NREP{500)
COMMON /ZASOLV/XX({5490)4XY(5,90)
DY=TH/ (NN—-1}

DO 20 L=14NN
XX€1lsL)=RI

DO S0 K=1,HMHM
XY(Ky1)=Z1

DO 60 J=24NN

JMl=J-1

DO 70 K=1,MM
XY(KeJ)=XY(KyJULI+DY
CONTINUE

CONT INUE

DO 80 J=1,MM

DO 90 K=1,4NN
L=NN*%{J~1)+K+NS-1
X{Lgel)=XX(JyK)
X(Ly2)=XY{JyK)
CONTINUE

CONTINUE
NEN=NS+[MM*NN)-1
NS=NEN+1
RI=X(NEN,1)+DXG
RETURN

END
SUBROUTINE CGORDL(NS,NL{N2yN3yXL1sXL2, THL, TH2,RI(NPAT)

GENERATES NODAL CODRDINATES FOR COMPOSITE BLOCKS.

COMMON /ADISC/X(300,2),NOD{500,3),NREP{500)
JJ=0

MM=1

IF(NPAT.NE.3} GO TO 20

NN=N1

DXG=XL1

11=0.

TH=THL

CALL COORDCENSMMyNN,DXGy THyRI¢ZI)
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CONTINUE

21=THL1-TH2

MN=N2

TH=TH2

DXG=XL2 -

CALL CUGRDC(NS,HM,NN,DXG,TH.RI,ZI)
GO YO 25 .
CONT INUE

HY=N1-N3+N2

DXG=0.

Zl=0.

TH=TH2

CALL COORDCINS  MMyNNyDXGy THyRI,21)
ZI=TH+(THL1-TH2)/(N3=-N2)

KRX=N1-NN

2ZI=TH+TH/{NN~-1}

DXG=XL1

TH=TH1~-21

CALL COORDCENS y MMy NNy DXGy THiRI 21}
DXG=XL2

TH=TH2

NN=N2

21=0.0 .
CatLtL COORDC NS,y MMy NNy DXGy THyRI, 21 )
CONT INUE

RETURN

END '
SUBROUTINE FRVEC(TH.LVEC,NOTO'NLH.NVLST,NDFLEX,NELEM'IV)

GENERATES TOP FREE SURFACE NDbE VECTORS AND VARIABLE NODE VECTORS.

COMMON /ADISC/X(300,2),NOD{500,:3) 4NREP{500)

COMMON /BDISC/RVEC(50) 4 NDVEC(50) 4 XLEN(180}

COMMON /AELEM/ELK(3,3,150),EK{3,3)

COMMON /AFREE/HF{50) sNVMESH(120}yNVELM{1501

J=0 '

HW=2.%*TH

D3 10 I=1,NDTO

JP=J+1

ZH=HF (JP)

ZOIF=ABS( ZH-X(142))

IF{ZDIF.GT.0.001) GO TD 10

J=J+1

NOVEC(J) =1

RVEC(J)=X(TIs1)

‘CONTINUE

LVEC=J

DO 132 I=l,LVEC®

IF(HW.GT.RVEC(I)) GO TO 132

Iv=] . ’
GO YO 135 . : . T
CCNTINUE o
CONTINUE

GENERATE VARIABLE NODE VECTORS.
RLIM=RVEC(IV)

J=0

00 20 I=1,NDTO
IF(X{I+1).GT.RLIM) GO TO 30
ZDIF=X(1,2)~-TH-0.01
IF{ZDIF.LT.0.) GO TO 20
J=J+1

NVMESH(J) =]

C3ONTINUE

CONT INUE

KROFLEX=J

KVL ST=NELEM

RETURN

ND ‘
SUSRDUT!NE BMDFIX( HWy HOyNNODE ¢ NBDy NOW¢ NDROy NBW; NSCREN 4 RH)

IDENTIFIES NODES WHERE HEAD VALUES ARE PRESCRIBED.

ADISC/X (300, 2),NODI 500, 3),NREP( 500}
gg::g: 5BD¥SC/RVEC(50)'NDVEC(50),JBD(90),DISP(90)
COMMON /WSCREN/XSCR{5}¢HSCRILS) :

K=0

NFND=1

03 30 I=1,NSCREN

XST=XSCR{I)-0.01

XEND=XST+HSCR(1)+0.02

DO 40 J=1,NNODE

L=NFND+J-1

IFtL.FQ.1) GO TO 222

IF(L.GE.NDW) GO TO 30
ONTINUE

?F?(;‘LyZl-LT.XST).UR.(X(LoZ)oGT.XEND)) Ga 70 70

K=K+l

JERD(K) =L

DISPIK) =HR
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GO TO 40

IF(X(L,2}.GT.XEND)} GO TO 30
CONTINUE

NFND=L 41

CONTINUE

J=K

NBW=J

NST =NNODE—~NDRO¢1 ~

DO 25 I=NST,NNODE

J=J+}

JBD(J}) =1

DISP(J)=HO

CONTINUE

NBD=J

RETURN

END

SUBROUTINE BNDMOD{NBW, HW, N8D, NSTEP,NBDTO)

MODIFIES VECTORS JBD ¢ DISP.

COMMON /ACISC/X{300,2}¢NOD(S00,43),NREP{500)
COMMON /BDISC/RVEC{50)¢NOVEC(501,JBD{90),0ISP(90)
COMMON /AFREE/HF(50),NVMESH({ 120}, NVELM(1501

D0 10 I=1,NBW

J=JBD( I}

ZI=X1Jy2)

IF(24.GT.HW) DISP(I =24

CONT INUE )

TF{(NSTEP.EQ.1} GO TO 20

I1P=NBD+1

DO 15 T1=1P,NBDTO
J=JdBD(I)
DISPIIN=X{J,2)
CONT INUE
CONTINUE

RETURN

END

SUBROUTINC AQPROP(NELEM, RGP,BTGP,TH:XGP)

~

COPPUTES VECTOR IPROP.

COMMON /ADISC/X(300,2);NOD(500,3)4NREP{500)
COMMON /CSOLV/VDI2000) s RINT{30041),IPROP(500) 4D(3,3)
DO 10 I=1,NELEM

J1=NOD(1,1)

42=N0D(1,2)

J3=NOD(I, 3)

ORX={X(J1¢1)4X{J2,1)4X{J3,1))/3.
ORY=(X(J1,2)¢X{J2, 2)4X(J3,2))/3.

IPROP(I)=1

IF{IGP.EQ.O) GO TO 10
IF((DRX.LT.RGP}<AND(ORY.GT«BTGP)} IPROP(I)=0
CONTINUE

RETURN

END

261,

SUBROUTINE MOMESH(KSURF,ESMAX 4LVECNDFLEX¢SFTOL4HEIGHT s ORLXX)

ADJUSTS FREE SURFACE POSITION AND MODIFY VARIABLE MESH.

COMMON /ADISC/X(300,2),NOD(500,3) ,NREP( 500}
COMMON /BDISC/RVEC{50)sNDVEC( 501, JBD{90),DISP{90)
COMMON /AFREE/HF(50) (NVHESH{120),NVELMI150)
COMMON /VCO%/ORX(SOO)'VEL(SOO)'H(500),IDARCY(5003
ORELAX=0RLXX

NST=1

KSURF=0

ESMAX=0.

DO 10 I=1,LVEC

RR=RVEC(I)

J=NDVEC(I}

HSTOR=HF (1)

EPSI=H{J)-X(J,2)

IF(ESMAX.LT.ABS{EPST)] ESMAX=ABS(EPSI)
IF(ABS(EPSI) .LE.SFTOL) GO TO 25
HECT)=HF(1)+EPST /ORELAX

X{Jy2) =HF (1)

KSURF =K SURF+1

G0 TO 26

CONT INUE

HF(T)=H(J)

X(Js2)=HF (1)

CONTINUE

ADJUSTS 2-COORDINATES OF VARIABLE NODES.

NDT=NVYMESHINST)

XCC=X{NDT,1)+0.01

IF{RR.GT.XCC) GO TO 10
Z0IF=X{NDT 2 1-X{NDT-1,2)
DXRTIO=(HF (I }~HEIGHT )/ (HSTOR~HEIGHT)
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IF{NST.EQ.NDFLEX)} GO TO 10 .

DO 19 K=NST,NOFLEX

NK=NVME SH (K)

XK=X{NKy1)-0.01

IF(XK.GY.RR) GO TO 29

LSTOR=X{NK,2}

XUINKy 2)=X(NK=1, 2)+DXRTIO*ZDIF

CONTINUE

CONTINUE

NST=K

IF(NST.GT .NDFLEX} NSTaNDFLEX

X{Js2)=HF (I} '
CONTINUE

RETURN

END

SUBROUTINE CONSTT(HyAK, BK y ACONST,; J1,024J3,NT)

COMPUTES NON-LINEAR COEFFICIENT FOR TRIANGULAR ELEMENTS.

COMMON /BELEM/B8(150,3),CL 1504 3}4AREA(150)

COMMON /VCOM /ORX{500) s VEL{5C0) 4H{500),IDARCY{500)
HX=BINT4L)*H(JL) +B(NT 4 2) *H{J2Z) +BINT, 3)%H(J3)
HY=C(NT s L )5H{JL) +CINT s 2)%H(J2 ) ¢CINT, 3)*H{ I3}

HS= ABS({ SQRT(HX%*¥2+HY*%2))

EVALUATE VELOCITY AND ITS DIRECTION AT EACH ELEMENT

TEMP=0.5%AK+SQRT (0« 25%AK* %2+ BK*HS )
VEL{M}=HS/TENMP

EVALOATION OF THE CONSTANT MULTIPLIER OACONSTO

ACONST=AREAINT)®*0ORX (M) /TEMP
CONTINUE

RETURN

END

SUBROUTINE ELKGEN{M,NT]

GENERATES GEOMETRY MATRIX.ELK,FOR TRIANGULAR ELEMENTS.

COMMON JAELEM/ELK({3,3,150},EK(3,:3)

COMMON /ADISC/X(30042),NOD{(50043)4NREP(500)
COMMON /BELEM/B{150,3),C{15043},AREA{150)

COMMON /VCOM/ORX(500} s VEL(500),H{500}+IDARCY(500}
JI=NOD(M, 1)

J2=NOD (M, 2)

J3=NOD(M, 3}

ORX({MI=(X{JL 234X {J2y 1)+X(J341))/3.

CONTINUE

"IFINREP(M).EQ.NTI GO YO 50 TN

HT=NREP(M)

XJI=X(J2Z2,11-X(J1,411}

XM=X{J3,1)1-X(J1,1)

YJ=X(J2,2)1-X(J1,2)

YM=X(J3,2)-X(J1,2])

AREAINT )=0.5*(XJ*YH-XM*YJ)
AFUN=2 . *AREA(NT)

BINT,1)=(YJ-YH)/AFUN

BINT,2)= (YM)}/AFUN

BINT,3)= (=YJ)}/AFUN

CINTy1)=0XM=XJ) /AFUN

CINT,2)= (-XMI)/AFUN

CINT,3)= { XJ)/AFUN

DO 100 I=1,3

00 100 J=1,3

IF(J-1) 105,110,110

ELK{I s JsNT)=BINT 1) *BINT s JI4CINT, T11*#CINT+J)
GO TO 100 .
ELK(I 3 JoNTI=ELK(Jy I4NT?

CONTINUE

CONTINUE

RETURN

END

SUBRDUTINE ELGENUIMs 1114 AK,BK {NTy VCOUNTPHK)

GENERATES EL EMENT MATRIXyCK,FOR TRIANGULAR ELEMENTS.

COMMON /AELEM/ELKI343,150),EK(343)

COMMON /ADISC/X(300,2),NOD(500,3)NREP{500)
COMMON /BELEM/B(150,3)y CL 150, 3)4AREA(150)
COMMON IVCDWIORXISOOI'?[LISOOI’HI500IleﬁRCY(500’
IF( IDARCY (M} .EQ.0) GU TC 70

IF(T11.€Q.1) GO TO 70

CONTINUE

J1=NOD (M, 1}

J2=NOD{H, 2}

J3=NOD (M, 3)

CALL CONSTT(MyAK,BK¢sACONSToJ14J24J3NT}

GO 70 80 .

CONTINUE
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PX=PMK
ACONST=PX*ORX{ M) ®AREA(NT)
CONTINUE

DO 200 I=1,3

DO 200 J=1,3
EK(1yJ)=ACONST*ELK(I4J,NT)
CONTINUE

RETURN

END

SUBROUTINE MERB3 (N, M)

MERGES ELEMENT MATRIX EK INTO GROSS VECTOR VK.

COMMON /ADISC/X(300421¢NOD{50043)4NREP({500}
COMMON ZAELEM/ELK{3,3,150),EK(3,3)

COMMON FASOLV/ISTART(300)+NBAND(300),1D(300) -
COMMON /BSOLV/CK{20041) 4VK{2000}

DO 10 I=1,N

IK=NOD (M, 1)

IF{IK.EQ.0) GD TO 10

Do 20 J=ltN

JEK=NOD (M, J}

IF(IK.GT.JK) GD TO 20

IPOS=ID(IKI+JK-IK

VKUIPOS)=VK( IPOS}+EKI(I,J)

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE .EBFIN3(LEN, NMyNN,LL])

SUBROUTINE TO GENERATE BANDWIDTHS OF BANDED SYMMETRIC GROSS
MATRI X. NBAND CONTAINS THE BANOWIDTHS, ID THE POSITION OF THE
TERM ON THE DI AGONALS OF THE ORIGINAL MATRIX, LEN IS THE LENGTH
THE VECTOR

DIMENSION LVI{3)

COHMMON /ASOLV/ISTART(300) +NBAND(300),1D{300)
COMMON FADISC/X(300,42),NOD(500,3) sNREP{500})
DO 20 I=1,LL

NBAND(I)=1

ISTART(I)=I

CONTINUE

SCAN THROUGH THE LOCATION VECTOR FDR EACH MEMBER TO FIND
THE POSITION OF THE TERM FURTHEREST FROM THE DIAGONAL IN EACH ROW

NF2=3
DD 25 I=1,NM
DD 30 J=1sNF2
LVIJ)=NOD(I+J)
CONTINUE
DO 45 J=1,NF2
IF{LV(J).EQ.0IGD TD 45
DO 40 K=1,NF2
IF(LVIJ).GT.LVIK))} GO TO 40
NW=LV({K)~-LV(Jl+1
NR=LV (J}
IF(NWH.GT.NBANDINR}) MNBAND(NR }=NW
CONTINUE
CONTINUE
SEARCH FOR THE FURTHEREST OFF-LEFT TERM

DO 55 J=1,NF2

IF(LV(J).EQ.0) GO TOD 55

DO 65 K=1,NF2

IF(LV(J).LT.LVIK))} GO TO 65
NW=LV({K)

NR=LVI(J]

IF(NW.LTLISTART{NR) ) ISTARTI(NR)=NHW
CONTINUE

CONTINUE

CONT INUE

SET UP 1D VECTOR AND COMPUTE LENGTH OF STIFFNESS VECTOR
ALSO CHECK THAT NBAND DOES NJT DECREASE BY MORE THAN 1 AT A TIME

LEN=NBAND(L)

0 S0 I=2,LL
?F{SB&NDI;]—NBANDll*lI.LT.OI NBAND(I)=NBAND(I-1}-1
LEN=LEN+NBAND(I}

CONTINUE

10611 =1

DO 60 I=2,LL )
I0(1)=1D¢ I-1 }+NBAND (11}
RETURN .

END

SUBRCUTINE QFLUX(NBM,NNCOE}
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COMMON /ASOLV/ISTART(300) (NBAND(300),ID{300)

COMMON /BSOLV/CK(300,1),VK(2000)

DATA NREAD,MPRINT/1,3/

IF{NBM.EQ.C} GO TO 20

NBP=NBM+1

DO 10 I=NBP, NNODE

IST=ISTART(I)

IF(IST.GT.NBM) GO TO 1O

Il=]~1

DG 30 J=1ST,NBM

K=11-J+¢1

IP=1D(J)+K ,
CKUIyL)=CK(Is1)=VK{IPI#CK(J,1)

CONTINUE

CONTINUE ' :
CONTINUE - . .
RETURN

END

SUBROUTINE SYMSOL(LULyNLLyNBY)

AN IN CORE BAND SOLVER, ‘
USE IN CONJUNCTION WITH TOPJLOGICAL SUBROUTINE FOR LARGE BANDWIDTH.

DIMENSION VTEMP(90)

COMMON /BDISC/RVEC(50);NDVEC(50),JB8D(90),DISP{90}
COMMON /ASDULV/ISTART(300) ,N{300),IDUM{300)
COMMON /BSOLV/C{30041),V{2000)

DOUBLE PRECISION TEMP

JBOUN=NBM+1

NBP=JBOUN

ID=1

IF{NBM.EQ.O) GO TO 150

DO 100 I=1,NBH

10=10+N(1I)

CONTINUE

CONTINUE

DO 10 I=NEeP,LL

TEMP=V(ID)

NEB=IDeN(I}-1

IDL=TD+1

IF{I.EQ.JBD(JBOUN}) GO TO 16

NORMALISE ROW 1

KK=0 : e e e
VUO!=1.0 S
IF(ID1.GT.NEB)Y GO TO 29 ) :
DO 20 J=1D1,NESB

KK=KK+1 '

VTEMP(KK) =V J)}

V{J}=V(J) /TEMP

CONTINUE

DO 25 L=1,NRLL '

C(I,L}=C(I,L)/TEMP

CONT INUE :

GO TO 46

CONTINUE

IF{ID1.GT.NEB) GO TO 39

KK=0

DO 120 J=1D1 ¢NEB

KK=KK+1

VIEMPI{KK)=¥{J)}

V(J)=0.0

CONTINUE

DO 125 L=1,NLL

ClI+L)=DISP{JBOUN)

JBOUN=JBOUN+1

ELIMINATICON

CONT INUE

IDJ=1D

IF{ID1.GT.NEB) GO TO 35
KK=0

DO 30 J=IDl,sNEB
JI=J-1D1+1

10J=1DJ+N(JI)

KK=KK +1

IF(VTEMP(KK}) 50,30,50
CONTINUE

IF(JBOUNL.EQ.1) GO TO 240
JBM1I=JBOUN-1
1F(1.EQ.JBD(JIBML)} GO TO 140
10P=J

DO 40 K=10P,NEB
KJ=10J¢K~-J
VIKJI)=VIKII—VIKI®VTEMP(KK])
CONTINUE

NJ=1+J-ID

D0 32 L=1.hNLL
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CINJsL)=CUNJ4LI-CUI4LI*VTEKPI{KK)
32 CONTINUE
30 CONTINUE
35 CONTINUE
ID=ID+«NL])
10 CONTINUE

Cc
g BACK SUBSTITUTION
10=1D-1
LLMl=LL~-1
LLI=LL-NBP
DO 70 IB=1,LL1
I=LLM1-1B+1
1D=1D-N(T}
IS=1+1
IN=I+N{I}-1
DO BO J=15,IN
NJ=ID+J~-1]
DO 75 L=1.NLL :
CUI L)=COIsL}-CUJIyLI%VINI}
75 CONTIMNUE
B0 CONTINUE
70 CONTINUE
RETURN
END
SUBROUTINE SURDUT{KSURF,ESHAX,LVEC+NDFLEX)
C . .
c PRINTS OUT FREE SURFACE COORDINATES.
c
COMMON /ADISC/X{300,2)4NOD(500+3)4NREP{500)
COMMON /BDISC/RVEC( 50) 4NDVEC(50)4JBDI(30)+DISP{90])
COMMON /VCOM/ORX(500) 4 VEL{500)},H(500),IDARCY(500)
COMMON /AFREE/HF{50 )y NVMESH(120}+NVELMI 1501}
DATA NREADyNPRINT/L1.3/
WRITE{(NPRINT, 3)
3 FORMAY(///410X,"'FREE SURFACE POSITON®+//y
1 15X *RADIUS® 410Xy SURFACE HEIGHT'+//)
DO 10 I=1,LVEC
WRITE{NPRINT,13)RVEC(I),HF(I}
10 CONTINUE :
13 FORMAT (10X,F1042410X, F10.4)
WRITE{NPRINT 23} KSURF,ESMAX
23 FORMAT(///+10X,*SURFACE TOLERANCE COUNTER =4y 1104/ / /s
1 ' 10Xy * MAX IMUM ERROR OF SURFACE HEIGHT =y Fl2.4)
¢ . .
Cc PRINT 2-CODRDINTE AND HEAD VALUE OF FLEXIBLE NODES.
c
Cex% WRITE(NPRINT,33)

DO 30 I=1,NDFLEX
J=NVMESH{I)
XV=X(Jqs 1}
ZV=X(J+2)
HV=H{J}
CH#% WRITE[NPRINT y431Jy XVy2lV4HV
43 FORMAT (///410Xe15,15X,F12.4,2(10X4F12.4})
33 FORMAT(// /420X, HEI GHT AND HEAD OF FLEXIBLE NODES's///,
1 10Xy *NIDE NUMBER', 10Xy "R-COORDINATE® 410X 4*Z-COORDINATE"
1 10Xy "HEAD VALUE*,//)
30 CONTINUE
RETURN
END :
SUSROUTINE VCHEC3(MyAKsBKyJlyJ25d3¢4NT+PMK VLR, GRRX GRRY )

COMPUTES ELEMENT VELOCITIES AND CHECK IF A PARTICULAR ELEMENY BELONGS
TO DARCY OR NON-DARCY FLOW ZONE.

(s XaX2¥sl

COMMON /BELEM/B(150,43),C(150,3),AREA(150}
COMMON /VCOY/ORX {500}, VEL{500),H(5G0),1DARCY(500)
HX=BINT,1)1%H{JL)+BINT,2)%H(J2)+B(NT,3)%H(JI3)
HY=CINT 1 }*H{JLI+C(NT,2)%H(J2)1+CINT, 3)¥H(J31
HS= ABS( SQRT{HX**x2+HY*%2))
GRRX=HX/HS
GRRY=HY/HS
1F({ IDARCY (M) .FQ.0) GO TO 20
TEMP=0.5%AK+SQRT (0. 25%AK*%2+BK*HS )
VEL (M) =HS /TEMP
IFCABS(VEL({M)).LE.VCR} IDARCY (H)=0
GO TO 30

20 CONTINUE

" VEL{M)=PMKSHS
IF(ABS (VEL{M)}).GT.VCR} IDARCY(M}=1

- 30 COMTINUE

RETURN
END
SUBROUTINE QMUL{NBHW ,QSUM)

COMPUTES NODAL FLUXES AT HWELL BOUNDARY.

o0

COMMON IASDLV/ISTART(SOO!;NBAND(SOOIng(BOOl
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COMMON /BQCAL/VKQI600), QWBL40)
C OMMON /BOISC/RVEC( SO} NDVLCI50),JBDI90),0ISP(30)
COMMKON FVCOM /ORX(500) s VELI500) 4H{ 500}, IDARCYL 500)
DO 10 L=1,NBW
I=JBD(L)
IF(L.EQ.NBW) I=L
IS = ID(1)
IL = TD(I}+NBAND(I)~-1
QrB{L)=0.0
00 20 J = 1S, IL
K=I+J-15S
QWBIL) =QWBIL ) +VKQ(J }*H(K)
20 CONTINUE
IF(I.EQ.1) GO TO 15
I1 = [-1
IST= ISTARTI(I)
DO 30 J= IST,I1
K = I1- Jsl
IP = IDLJ) + K
QWBIL }=QWBIL ) +VKQ(IP)*H(J)
30 CONTINUE '
15 CONTINUE
QSUM=QSUM+QWBI(L}
10 CONTINUE
RETURN
END
SUBROUTINE QCALC(NBHW, QSUM)

 COMPUTES TOTAL DISCHARGE INTOD THE WELL.

oo

COMHMON /ASOLV/ISTART(300},NBAND(300},10(300}
COMMDN /BQCAL/VKQ(6CO),QWB{40)
COMKMON /BDISC/RVEC(S50)4NDVEC(50), XLEN{180) .
COMMDN ./VCOM /ORX(500),VEL(500),H(500),IDARCY{500) .
DATA NREAD:NPRINT/1+3/
QSUM=0.0
CALL QMUL [NBW, QSUM).
QSUM=ABS{ 2.%3.1416*%QSUM)
HRITE(NPRINT ;4203)QSUM

4203 FORMAT(////+10X,*TOTAL DISCHARGE INTO THE WELL ="yFl0.4)
RETURN .
END )
SUBROUTINE TCURV3(HO,BsNNODEs QFIXy AKyBKyPHK,TH,yJ] .

COMPUTES TYPE CURVE FOR STEADY STATE FLOW.

COMMOR /ADISC/X(30042)yNODI{50043},NREP{500}
COMMDN /VCO4/0RX(500} s VEL(500)+H{500)4IDARCY{500])
PARAM=0.0 :
THPI=44./ 7.
IF{BK.GT.0) PARAM=BK*QF IX*PMK/[THPI*HO*8B]}
DENOM= 2. *QFI X/ (THPI *PMK)
WRITE(3,;3)PARAM .
3 FORMAT(///+10X,5002 %) ,/,10X,***,13X,*STEADY STATE TYPE CURVE*,
1 I2Xe% %%, /4 10Xe500 %), ///9 15X, "LAHBDA =',Fl0. 4)
IF({J.EQ.2) GO TO 5
HRITEL3,23)
GO T0 15
S CONTINUE -
WRITE(3,33)

15 CONTINUE :
23 FORMAT(// 410X, "NODE NUMBER® y19X,*R=COORDINATE",10X, *FUNCI ION H{U)*

1 s 10Xy YARGUMENT U'y //}
33 EORMAT(// 10X, *NODE NUMBER',15X,'Z-COORDINATE", 10X, *FUNCTION W(U)"*
1 s LOXy "ARGUMENT U',//}

DO 10 I=1,NNODE
SORAW=HO*HO-H( ) *%2
SLESS=SDRAW/DENOH
RLESS=X(I,1)/8
WRITE(3,13114X(I4J}sSLESS,RLESS

10 CONTINUE

13 FORMATI10Xs15425X,F10.2,2{10X4E12.4))
RETURN
END
SUBRDUTINE HOUT (NNODE,HOy HW4RO1

PRINTS OUT NODAL VALUES.

COMMGN JADISC/Xt300,21,NOD(500,3),NREP(500)
COMMON lUCOHIURX{SOO);VEL{SDD3|H1500I.lDAREYl5QO'

DATA NREADyNPRINT/1,3/

WRITE(NPRINT 423}
DO 10 1=1,NNODE
RHO=X{1,11/R0
TZI=X{142}/H0 A
SDLESS ={HO-H{T1)1/(H :
WRITE (NPRINT 995301y X(Iy1) ¢X(142)5H{1}4RHO,TZ1,SOLESS
10 CONTINUE .
953 FORMAT (5Xs13,2(6X,F12.21,4(8XsF10.41)



423 FORMAT(// /45Xy "NODE * 35X +*R~COORDINATE?y5X, * Z-COORDINATE*+9X,
L*HEAD VALUE® +9Xs '"RHO-COORD? 39X,y 'TZI-COORD® 35X, 'DIM. DRAWDOWN'9 7/}
RETURN
END .
SUBROUTINE SHUF{JF,NBDyNBW,NBDTO)

SHUFFLES VECTORS JBD AND DISP.

(s X2 X3

DIMENSION JSEEP(50),0SEEP(50)
COMMON /BDISC/RVEC(50) ¢NDVEC{S50),JBD{90),DISP(90)}
NWID=NBD-NBW
J$=0
JST=NBD+1
JEND=NBDOTO
IF(JF.EQ.2) JST=NBDTO-NWID+1
DO 10 J=JSTL.JEND
JS=J4S+1
JSEEP(JS)=48D(J)
DSEEP(JS)=DISP(J) .
10 CONTINUE .
JST=NBW+1 ot
JEND=NBD
IF(JF.EQ.2} JEND=NBDTO~-NWID
DO 15 J=JST, JEND
JS=JS+1
JSEEP(JS)=JBD{J)
DSEEP{JS)=DISP(J}
15 CONTINUE
: JS=0
NST=NBW+1
DO 20 J=NST,NBDTO
JS=JS+1
_ JBD{J)=JSEEPL{JS). .. ..
DISPLJ)=DSEEP{JS)
20 CONTINUE .
RETURN
END ‘ - = ) - N . . - N
"SUBRAUTINE HYPROP (T yAKy BKyPYK VCR s AGPyBGP4PMGP4VGPy AL, 3L, PML,VCL )

" IDENTIEISS HYDRAULICS PROPERTIES OF EACH ELEMENT.

COMMON JCSILV/VE(2LCH) gHINMTI3C0,1) 2 IPROPISCL)4N(3,3)
iE(IEPDP(I).EQ.O) GN 70 106G
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4.8 LISTING OF TRFREE
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INTEGRATED WELL--AQUIFER SBLUTIDN SYSTEM.
DEVELOPED BY P.S. HUYAKORN.
TRFREE y PROGRAM FOR SOLVING TRANSIENT ,FREE SURFACE,DARCY OR THG-REGIME
FLOW USTING TRIAMGUL AR ELEMENTS.
VERSION DATED OCTOBER,1673.
FOR FURTHER INFORMATION,CONTACT
P.S. HUYAKORN OR C.R. DUJGEQON
WATER RESEARCH L ABORATORY
KING ST.;MANLY VALE

SYDNEY sN.S.H. 2093, AUSTRALIA.

3

LISYT OF INPUT VARIABLES

~—ALL READ STATEMENTS ARE LOCATED IN THE MAIN-—

- - PROGRAM AND INDICATED BY $1 DR $1,SK SIGN~ -
*%% PROBLEM VARIABLES hiw

OO O00OMA0 0D OO0 AN OO0 00N

NPROB = HNUMBER OF PRCBLEMS TO BE SOLVED

IVEL = VELOCITY PRINT-0UT INDEX
FEED IN IVEL=0 IF VELOCITY PRINT-DUT IS NOT REQUIRED OTHERWISE
FEED IN 1VEL=1

IDISCR = DISCRETISATION DATA PRINT-DUT INDEX
FEED IN .IOISCR=0 I1F DISCRETISATION PRINT-OUT IS NOT REQUIRED
OTHERMISE FETD IN IDISCR=1

ORELAX = DVER-RELAXATION FACTOR FOP. NON-LINEAR HEAD ITERATION
SUGGESTED VALUE LIES BETWEEN 1.00 AND 1.50

RH = RADIUS OF WELL SCREEN

RO = EXTERNAL RADIUS OR RADIUS OF INFLUENCE .

HO = INITIAL HEIGHT OF WATER TABLE ABOVE THE BASE OF AQUIFER .
IN THIS PARTICULAR PROGRAM,HO MUST NOT BE INTERPRETED AS THE
INITIAL DRAWDOWN OF THE WATER TABLE

TH = THICKNESS OF AQUIFER

HTOL = HEAD TOLERANCE FOR NON-LINEAR ITERATION ON HEAD VALUES

' SUGGESTED VALUE IS 0.10 DR A FEW PERCENT OF HO-HW

QFIX = PRESCRIBED WELL DISCHARGE

RCSNG = RADIUS DOF WELL CASING

QRTOL = RATIO OF DISCHARGE TOLERANCE TO PRESCRIBED WELL DISCHARGE

SUGGESTED VALUE IS 0.01 OR 0.02
AK = FORCHHEIMER LINEAR HYDRAULIC CCEFFICIENT OF AQUIFER
’ FEED IN AK = 1./PM IF ONLY DARCY FLOW SOLUTION 1S REQUIRED
WHERE PM 1S THE COEFFICIENT OF HYDRAULIC CONDUCTIVITY OF
THE AQUIFER
BK = NON-LINEAR HYDRAULIC COEFFICIENT OF AQUIFER
IF ONLY DARCY FLOW SOLUTION IS REQUIRED FEED IN BX=0.
CRITICAL FLOW VELOCITY WHERE NON-DARCY FLOW COMMENCES
SPECIFIC STORAGE COEFFICIENT OF AQUIFER
FEED IN $5=0. IF SPECIFIC STORAGE EFFECT IS TO BE NEGLECTED
sY = COEFFICIENT OF SPECIFIC YIELD OF AQUIFER
DINDEX RECIPROCAL OF DELAYED YIELD INDEX
FEED IN DINDEX=0. FOR COARSE AQUIFER MATERIAL IN WHICH DELAYED
: YIELD EFFECT MAY BE NEGLECTED
16P = GRAVEL PACK INDEX, IGP=1 FOR GRAVEL PACKED WELL,
: IGP=0 FOR NON-GRAVEL PACKED WELL

VCR
SS

UND = EXTERNAL BOUNDARY TNDEX
160 IRNDUND=0 FOR BARRIER BOUNDARY CTHERHWISE IBOUND =1
IW8C = HELL BOUNDARY COMDITION INDEX

IWBC=0 IFf EFFECT OF WELL STCRAGE IS TO BE NEGLECTED OTHERWISE
IwWBC=1
NSTEP = A PARAMETER USED YO INDICATE WHETHER ONE— OR TWO- STEP
FREF SURFACE ITERATION 1S REQUIRED
FEED IN NSTEP=2 FOR FREE SURFACE FLOW WITH SEEPAGE FACE

OTHERWISE FEFD IN NSTEPal
LINEAR HYDRAULIC CNEFFICIENT OF GRAVEL PACK MATERIAL

- .
gg; = NON-LINEAR HYDRAULIC COEFFICIENT OF GRAVEL PACK MATERIAL
vep = CRITICAL FLOW VELICITY FOR GRAVEL PACK MATERIAL

= THICKNESS UF GRAVEL PACK L
;?gg « HEIGHT OF THF BASE OF GRAVEL PACK ABOVE THE BOTTOM BOUNDARY

OF THE ACUIFER

#24 ODISCRETISATION PARAMETERS %%
TOTAL NUMDER OF TIME STEPS

nhﬂﬁﬂ"\ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂOﬂ("H."'lﬂﬂﬂﬂ_ﬂﬂﬁ.ﬁﬁﬁ'ﬂﬁﬂﬁﬂﬂﬂﬂﬂﬁﬂﬂ OO0 A0N

Her . ING TIME STOP HUMBER

RTINS Hf
%EiETR : 3;:0; OE THE F1BST TiYf STEP,CXPRESSED IN DIMENSIONLESS FORM
TMUL =  TIME MULTIPLIER,SUGGESTED YALUE VARIES FROM 1.53 TO 2.00
DTHMUL = INCREMENT OF TINE MULTIPLIER
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SUGGESTED VYALUE LIES BETWEEN 0. TO 0.02

LENGTH OF FIRST SUBREGION
VALUE IS FRLEM=RHW

FOR GRAVEL PACKED WELL,FRLEN MUST KOT EXCEED THICKNESS OF PACK
SCALE FACTOR TD RE USED IN COMPUTING THE LENGTHS DF REMATINIMG
SUBREGIONS .SUGGESTED VALUE IS 3CFAC=1.50

PRESCRIBED MAXIMUM BLOCK LEMGTH TO AVOID ILL~CONDITIONED
ELEMENTS JHAXTMUM VALUE OF XLHAX SHGULD NOT EXCEED 2S5.%TH
NUMBER 0OF REPEATED REGULAR BLNDCKS WITH THE SAME NUMBER QOF NODES
ON THE LEFT AND RIGHT VERTICAL LINES

SUGGESTED VALUE IS IREG=2

MINTMUM NUMBER OF NODES ALONG A VERTICAL LINE

TO MINTMISE THE TITAL NUMBER OF NODES;SUGGEST NMIN=2

TOTAL NUMBER OF NODES ON WELL SCREENI(S)

NDSC IS TO BE GREATER THAN DR EQUAL TO 2

NUMBER OF SCREFMED INTERVALS

Z-COORDINATE OF BASE OF SCREEN I ABOVE DATUM

LENGTH DF SCREENED INTERVAL 1

LIST OF

RVEC
HF
TLESS
HLESS
1Q

SH
QAQFR
QSTRGE
QCALL

QRDIF

NOD
YEL
VCDMP1
VvCOMP2
TDARCY

OUTPUT VARIABLES

H 4 oo Nop R RN

L]

TOTAL NUMBER OF NODES IN THE FINITE ELEMENY NETHORK
TOTAL NUMBER OF ELEMENTS IN THE HETWORK

TIME STEP NUMBER

REAL TIME VALUE AY THE MID-POINT OF TIME STEP IT
REAL TIME VALUE AT THE END OF TIME STEP IT

RADIAL AMD VERTICAL NODAL COGRDINATES

. NODAL HEAD CR DRANWDOWN VALUES

RADIAL COORDINATES OF FREE SURFACE NODES

HEIGHTS OF FREE SURFACE NODES

NODAL VALUES OF DIMENSTONLESS TIME,1/U

NODAL VALUES OF WELL FUNCTION FOR TRANSIENT FLOW.W{U)
DISCHARGE ITERATION NUMBER

DRAWOOWN VALUE AT CURRENT TIME

DISCHARGE FRCM AQUTIFER INTD HELL AT DRAWDOHN SW

DISCHARGE FRUM WELL STORAGE

TOTAL CALCULATED DISCHARGE

QCALL = DISCHARGE FROY WELL STORAGE + QAQFR

RESIDUAL DISCHARGE

QRDIF = THE ABSOLUTE DIFFERENCE BETWEEN PRESCRIBED AND
DISCHARGE AND CALCULATED DISCHARGE

NODE CONNCCYIONS OF ELEMENTS TH THE FINITE ELEMENT NETWORK
ABSOLUTE ECLEMENT VELOCITIES

RADIAL COMPOMNENT DF ELEMENT VELOCITY

VERTICAL COMPONENT OF ELEMENT VELOCITY

INDEX TO INDICATE IF A PARTICULAR ELEMENT BELONGS TO DARCY
DR NON-DARCY ZONE, IDARCY=0 FOR ELEMENTS IN THE CARCY ZONE,
IDARCY=1 FOR ELCMENTS IN YHE NON-DARCY ZONE

ODIMENSTON JSEEP(20) sDSESP{20),JDARCY{500)

COMMON /HSCREN/XSCRIS5) HSCPIS) .

COMMON. ZADISC/X{300,2),NID(500,3) ,NREP{5G0)
COMMON /B8DISC/RVEC(50),NOVFC{50),JB0(301,01SP(90}
COMMON JAELEM/FLK{3,43,150),EK(3,3)

COMMON /BILEM/B( 150431, 150, 3),AREA(150]

COMMON /ZASOLV/ISTART(300),NBAND(300},ID( 300}



- COMMON /8SOLV/CK{30041),VK(2000)

(e NeNaNeNaNaNalyl

COMMON

COMMON /CSOLV/VD{20C0)+ HINT (300411, 1PROPISN0) 40(3,3)
COMMON /AFREE/HF IS0 yNVMESHI1 201, NVELM(150)

COMMON /VCOM/0RX{500) , VELL500 ) ,H( 5001 s 1DARCY(500)
COMMON /BQCAL/VKG(GOD ), AWK(40)

COMMDON /ACORE/VCORE (2000} 4 VKORE (2000 )

COMMON JATIME/TIME(60),SHI60) ;DSHIS) ,00ALCLS)
JALEAK/QLEAK (50) HpUlD()O)clf(SO} FINT(50451)4GP{40)
COMMON /ADPﬁRh/TL’SS(3OOI.HL 55(300) +GKI3004,1), ¥vDTOP{200)
DOUBLE PRECISION DEXP, ARGU,VSHIT
DATA NREADyNPRINT/1,3/

Lot ok ok K KOk Bk ko
* *
* BLOCK 1 *
* *
Ao et deok Tt KR KA R

PRINT INITIAL HEADINGS

HRITE (NPRTINY,993)
HRITCINPRINT,1013)
HRITE(NPRINT, 1023}
WRITE ({NPRINT,1013}
WRITEINPRINT,1033)
WRITE(NPRINY,1013)
WRITE (NPRINT,1003)

271.

993 FORMAT {1H1s;4X,51H *x**$**#*##t#$*####**#***t#**#*#***#*v#t*tt&**#*
1%%)

1003
1013
1023
1033

1011

(2N eRul

9003

C
c
o

READ AND PRINT GENERAL DATA

DD 4800 JPRO=1,NPROSB
HRITE(NPRINT,3003)JPRO
F ORM AT(///,ZOX,SO('*')v/y?OXy‘*‘,l3X"PROBLEV NUMBER

T6412Xe ' *%4/420Xs50(0 %))

READ AND PRINT GENERAL DATA.

READ(NREAD, 2001 }RHy ROsHOy TH, HTOL

2001 FORMAT(5F10.2)

READ{NREAD, 201)QFIXsRCSNG,QRTOL

201 FORMAT(3F10.2)

WRITE(MPRINTy2193)RW,RO+HOy TH,ORELAX yHTOL 4 QFIX.QRTOL

2193 FORMAT(// /420X, 'GENERAL INPUT DATA',//,

DR,

2013

10X, ' RADIUS OF WELL *3yFl0.24//
10Xy * EXTERNAL RADIUS =‘,F10.2'//y

FORMAT(SX 3 51H #okktoktiaaksr dok ook € oo dok e st odobok ok koo dol ook ok b e e ok )
FORMAT(5X451H %

FORMAT (5X451H * FINITE ELEMENT SOLUTION OF
FORMAT (5Xs51H * TRANSTEMT, THO-REGIME,FREE SURFACE FLOW. *)
READ(MREAD, 1011)NPROB, IVEL,IDISCR,ORELAX
FORMAT (3110, F10.2}

%)
*)

:!'

$1

T8l

10X, *INITIAL HEIGHT JF WATER TABLE ='4F10.24//,

10X, * INITIAL SATURATED THICKNESS OF AQUIFER
10X, "OVER-RELAXATION FACTOR =',F10.2¢//y

=24, FL0.2¢//7

10Xy *PRESCRIBED HEAD TOLERANCE =',F10.24//y
10X, * PRESCRINED WELL DISCHARGE ='4Fl0.24//

10Xy *DISCHARGE TOLERANCE RATIO ="F¥0.3)

QRTOL=QRTOL*QFIX/2.0
READ(NREAD;3013)AKy BKyVCR 4SSy SY,DINDEX
FORMAT ( 6E10.2)

SFAC=DINDEX*SY /6.

DINDEX=DINDEX/1000.

§S$=5SS*1000.

PMK=1. /AK

1F(VCR.GT .0.00001) PMK=1./{AK¢BK*VCR)
PM=PMK

WRITE (NPRINT23) AK,BK,VCRySS;, SY, OINDEX
23 FORMAT (//420X, *AQUIFFR PROPERTIES *4//4

VS WwN -

10X, FORCHHE IMER CORFF. A ='4F10.4,//,
10X, ' FORCHHEIMER COEFF. B =yFl0.44//
10Xy *CRITICAL FLOW VvELOCITY ='4F10.44//,
10X,* SPECIFIC STARAGE, ='3E10.3,//,
10X, *SPECIFIC YIELD =Y ,E10.34//y

10X, *RECIPROCAL OF DELAYED TNDEX =',£10.3)

READ(NREAD,111}1GP, IBOUND 4 I#BCyNSTEP

111 FORMAT (4110}
WRITE (NPRINT,193)1GP, IBOUND, IWBC,NSTEP

193 FORMAT(10X,*GRAVEL PACK INDEX =¢,15¢//y
l XOX| 'BOUNOARV INDEX ='|I5'//|
2 10X, *WELL B.C. INDEX 2V, 154//
3 10X, *ADOPT*,13,% STEP FREE SURFACE ITERATIVE SCHEME')

RGP=RYW
1F(IGP.EQ.O) GO TO 29

READINREAD, 331)AGP+BGP, V6P THGP,BTGP
33] FORMAT(SF10.3)

RGP =RW +THGP

GRGP=AGP*VGP +BGP*VG P*%2

PMGP=1./AGP

$1

$1

$1

$1,5K
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153

FoRT R

163

29

121

S01
801

601

563
702

272,

TFIGRGP.GT.0.} PHMGP=VGP /GRGP
HRITEINPRINT s 153 )AGPy RGPy VGP, PMGP
FORMAT (/7 /420X, "GRAVEL PACK PROPERTIESt///
10X *COEFFICIENT A =',F10.4//
10X *COEFFICIENT B = ", F10.4//
LOX4'CRITECAL VELOCITY = ¢,F10.4//
10Xy "COEFFICTIINT K = V,F10.4)
HRITE(NPRINT ;163 1THGP, RGP
FORMAT{10X,* THICKNESS OF PACK = Yy Fl0.2/77

1 10Xy *RADIUS OF PACK = ',F10.2//)
CONTINUE

HECHARERS St A%
* L
* BLOCK 2 *
* *
Aotk kol ok ok ok Rk R A

READ AND PRINT TIME DATA.

READINREAD, 121 INTICR:+ ITST,TFACTR, THULDTMUL
FORMAT{211043F10.2}

READ AND PRINT DISCRETISATION DATA.

RF&D(NREhD.QOIiFRLEN'SCFAC.XLHAX|IREG,NH!N
FORMAT(3F10.2,2110)

READ(NREAD,B801INDSC, NSCREN

FDRH&T(ZIIOI

IPENTR=0

READ WELL SCREEN DATA

HRITE(NPRINT,553} :

FORMAT (//+5Xy "SCREEN ND.' 410X, "BASE HEIGHT! 414X, *LENGTH, //)
SCLEN=0.0

DO 702 I=1,NSCREN

READ(NREADy 6011 XSCRUT ) HSCRII)

FORMAT(2F10.2)

SCLEN=SCLEN+HSCRII)

HRIFTE (NPRINT 4563114 XSCRII)4HSCRII)
FORMATITX,16413X4F11.2+8X4F10.2)

CONT INUE

GENERATE AND PRINT DISCRETIZATION DATA.

CALL GXNODU{ IPENTRyNDSC,SCLEN,;FRLEN; SCFAC, XLMAX, IREGy NMIN,RWyRO,

1 THyNNODE 4 NELEM, LVEC NL My NVLST s HEIGHT ;NDFLEX, HOs HR; IDISCR)

233

435

GENERATE IPROP.
CALL AQPROP{NELEM,RGP,BTGPyTH,IGP}

ook g A ok K e
* *
* BLOCK 3 *
* *
PP T T TR 2
TPAT=1

CALL TIGENINTICR,TFACTR,TMUL, DTMUL 4Ry PMySS+IWBC, QF IX, TPAT)
CALL VODFB(LVEC)

FIND BANDWIDTHS ETC.

CALL EBFIN3(LEN,; NELEM, 3,NNODE)
WRITE[NPRINT,233]LEN
FORMAT (/7 /410X, *LENGTH OF GROSS VECTOR =1,18)

FORM MATRIX ELK

NT=G

NN=3

DO 435 1E=1,NELEM
CALL ELKGEN{IE.NT}
CONTINUE

CALCULATE HEAD AT VARIOUS TIKXE VALUES

ROMAX=RM

TMIS=TH*PM
FPI=8B./T.

CUNST=QFI X/{FP1*TH1S)
IFI(SS.6T.0.) DIFFUS=PM/SS
LVST=2

NST=NDVEC (1]
LSTEL=NDVEC(1}
NELTO=NELEM

DD . 642 I=1,LVEC
HCOLD (1 ) =HO

$1

$1
$1

«NSCREN®
$1

1%



642

1345
1245

3545
1445

245

ZF(1}=HO
FINT{I,1)=HO
QLEAK(T)=0,
TFCITSYLEQ.L)Y GD TO 1245
CALL HREADINNODS+1, 12
CALL HPUNCH{KRNIDS,3,1)
CALL HREACT(LVECy1,2)
CALL HPUNCH(LVEC,3,2)
IST=NNODS+1 ’

DD 1345 I=1ST,NNODE
H{I}=HO

CONTINUE

GO TO 1445

CONT INUE

DO 3545 l=1:NNODE
H{I}=HO

CONT IHUE

CONTINUE

DO 245 1=),NNODE
HINT{T,1)=H(I}
GK{I:1}=0.0

CONTINUE

DELT=TIME (1)
NDTO=NNODE

_JTMINSNTICR

QAQFR=2.%QRTOL
SHOLD=HOD
DSOLD=0.2 5%HO

ann

299

aAON

TF(IVBC.EQ.0) RCSNG=0.0
15T=1 '

FQ=0.0

MQITER=S

SET JDARCY.
DO 299 I=1,NELEM

JDARCY(1)=0
CONTINUE

LOOPING WITH LOOP PARAMETER IT=1,NTICR

DO 7007 IT=ITST(NTICR
ITCUR=1IT

IFUIT.GTL1) DELT=TIMECIT}-TIME(IT~1}

TM=TTME(IT)
LVST=LVEC

NST=MNODE
THMM=TM-DELT*0.5
HRITE (NPRINT,683)IT

683 FORMAT(///410Xy3501%%]), /510X ,*%* 14X,

1

*TIME STEP NUMBER

THIL=TMM/1000.
WRITE (NPRINT,333)}TMIL

=, 155Xy %%, /310X:35(1%1))

333 FORMAT(///,IOY:&I('*')’/110X1'*’,9X"TIHE =1,
El4.339Xy "%,/ 10X,41{*%%),//)

1
WRITE [NPRINT 343)R0O,NNODE, NELEMyL VST
343 FORMAT (/4 10X, 'ESTIMATED RADIUS OF INFLUENCE

17/+10X; *CORRESPONDI NG NO. OF NODES =*415,//4
210X, 'CORRESPONDING NO. OF ELEMENTS =t41547/9
310X1‘C0RRFSPONDING COMPONENT OF VECTOR NDVEC

on0

909

[2XaKg)

[z X el

6717

" 155
165

(o B e NaXe

COMPUTE O IMENSIONLESS TIME.

CONS=TMM

1F(SS<GT.0.) CONS=4.,0*%DIFFUS*THM

DO 909 1=1,NNODE
TLESS(I)}=CONS/X[1y1)%¥2
CONT INUE

FOR WATER TABLE AQUiTARD COMPUTE BOUTON'S INCREMENTAL DELAYED YIELD.

ARGU=-DINDEX*DELT*0 5
TERM=DEXP (ARGU)
ES=SY*{1.-TCRY4)
IF(DINDEX.LE.0.0) ES=SY
ES=ES*1000,

INITIALISE HEAD VALUES.

JF{IT.EQ.1) GO YO 165
CONT INUE

DO 155 I=1,NNODE
HINT{I 1) =H{1)
CONTINUE

CONTINUE

SET UP LOOP FOR WELL DISCHARGE ITERATION.

DO 998 10=1,NQITER

=4,Fl0.2y

='115)

273.
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274.
SET IDARCV=JDARCY.

DO 1559 1=1,NNODE
HIT)=HINT({I,1])
1559 CONTINUE
DO 99 [I=1,NELEM
" 1IDARCY(T)=JdDARCY(I}
99 CONTINUE
WRITE(NPRINT,5003)
5003 FORMAT(/,5Xs30("'~ *})
CALL FQSETUIT,ITCUR,DELT,FQ,TPAT)

ADJUST VALUE OF WELL DRAWDOWN.

catt SHMDO[IQ.IT,RCSNG,DELT,QFXX.QAQFR.SHOLD,DSOLD'TPAT:FQ:HO)
WRITE(NPRINY833)1Q,DSW{IQ) +SW(IT}
833 FORMAT(///+10X,*DISCHARGE ITERATION NUMBER ='411047/,
1 10Xy HEAD INCREMENT ='4F10.34//,
2 10X, HEAD VALUE ="3F10.3,/)
HH=SN(IT} :
IF(SCLEN.GT.HF{1}) SCLEN=HF(11-0.02
Z8=TH-SCLEN :
IF(IPENTR.EQ.O0) ZB=SCLEN
NDW=NDVEC(1}
NDRO=NDVEC(L VEC}-NDVEC (LVEC-1)
CALL BNDFIX{ IPENTRy 28, HNy HO { NNODE y NBD s NDIy NDRO, NBH)

NBQ=NBK+1
MODIFY VECTORS JBD + DISP

CALL BNDMOD{NBW,HW, NBDy1,NBDTO)
IF(NSTEP.EQ.1) GO TO 706

FOR THO STEP ITERATION,ALSO PRESCRIBE FREE SURFACE POINTS.
IST=NBD+1
TEND=NBD¢LVEC-1
J=0
- DD 806 I=IST,IEND
S Jd=J+l

JBD(I)=NDVEC(J)
DISP(I)=HF(J]}
806 CONTINUE
NBDTO=1END
T06 CONTINUE

SET UP LDOP FOR ITERATION ON H

VCOUNT=0
- SFTOL=HTOL
NCOUNT=NNODE

ONE OR TWO STEP ITERATIVE LOOP.
00 999 111=1,10

NHW=0

NBP=NBW+1

CALL BNDMOD(NBW,HKW, NBDy1;NBOTO)
DO 117 1=1,NBH

CKil1:1)=DISP(I)
TF(CK{T 1) LE.HH} NHWsNHW+1

" 117 CONTINUE

[aXeNeNaNeNaNaNa Nl

[aXaNs

DO 899 ISTEP=1,NSTEP
IF(ISTEP.EQ.2) NBP=NHK+1
DO 305 I=NBP,NNODE
CK(T141)=GK(I,41)

305 CONTINUE
IF(ISTEP.EQ.2) GO TO 509

Kok ko gok kk kk Kk kL
* * .
* BLOCK 4 *
« . &
AEEEAEE AR HXKRK

ZERO GROSS STIFFNESS MATRIX AND LOAD MATRIX

DO 300 I=1,LEN

VCORE(1)=0.0 -

vD(1)=0.0 :
300 CONTINUE

MODIFY MATRIX ELK

1F{111.6Q.1) GO TO 307
NT=0

DO 207 IE=NLM,NVLST
CALL ELKGEN(IE,NT)



207
307

[aXe Nl
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CONTINUE
CONTINUE

MODIFY VECTORS JBD + DISP.
NBX=NBW

CALL BNDMOD(NBX,HW, NBD4NSTEP, NBDTO)

COMPUTE STIFFNESS MATRIX FOR EACH ELEMENT AND MERGE

FOR ITI=1 ONLY PERFORM SOLUTION FOR DARCY CASE

FORM GROSS VECTOR vOD.

NT=0
SC=SS§

- DO 135 TE=1,NELEM

135

P Xaks

278

1378

4305

755

365
350

978

- 530

122

509

709

CALL ELGND3INT,SC,IE)
CALL MERSOINN,IE)
CONTTNUE

CALL VECMUL(NNODE,LEN)

COMPUTE BOULYON'S DELAYED YEILD.

CALL GVMOD(LVST,ES, 1)
IF(IT.EQ.1) GO TO 278
FTERM=0.5%DEL T*SFAC
CALL GKMOD(LVST,FTERM)
CONTINUE

DO 1378 I=1,NBW
JJ=JBD(T)
GP{I)=GK(JJy1)
GPINBW+1)=aGK (NBH+1,41)

SET VECTOR CK.

DO 4305 I=NBP,NNODE
CK(Ts1)=GKI(I,1)

DO 350 I=1,NELEM
IF(IPROP{I).EQ.O0) GO TO 755
NT=NREP(I)

AKK=AK

BKK=BK

PKK=PMK

GO TD 365

CONTINUE

AKK=AGP

- BKK=8BGP

PKK=PMGP

CONTINUE

CALL ELGENU{I,I1T4AKK,BKKyNTy VCOUNT,PKK}
CALL MERB3(NN,I)

CONT INUE

DO 978 I=1,LEN

VK(1}=0.0

CONTINUE

CALL GVMODILVST+ES,0)

DO 530 I=1,LEN

VSHIT=VCORE( I)*DELT#*0.5+VD{I)+VK(I)
VK{I)=VSHIT

VKORE(1)=VK(1)

CONTINUE

1=NDVEC(1)+1

LNN=ID(1}-1

DO 122 I=14LAN

VKQU11=VK{])

CONTINUE

NBF=NBD

IF(NSTEP.EQ.2} NBF=NBDTO
GO T0 809

CONTINUE

SHUFFLE MATRICES J8D + DISP.

J=0

00 709 1=1,NBW

HWTEMP=HW+0.01
IE(DISP(I}.LE.HWATEXP) GO TO 709
J=J+1

JSEEP(J)=3BDIT)
JBD{1)=380(NBYeJ)
DSLEP(JI=0ISPL])
DISP(11=D1SPINCHEJ)

CONTINUE

NBF=NBD-J
1F{J.EQ.0} L=NBW
1F{J.EQ.0) GO TO 7199

275.
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276.

DO 719 I=1,J
1POS=JSEEP(T)

L=NBW-J¢I
CRUIPOS,1)=QUB(LI+GP(L}
CONTINUE

CONTINUE

IP=1P0S+] _

CKUIP, 1 )=QUB{L+1)+GK(IP,1)

REGENERATE MATRIX VK.

DO 1302 I=1,LEN
VK{I)=VKORE(T)

CONT INUE
CONTINUE

Rk ko ok Rk
* *
* BLOCK S *
* *
skt ok ok ok ok Kk ok

SOLVE EQUATIONS BY DANDED S3LUTION SCHEME

NLL =1

NBM=NBP-1 Cor
CALL QFLUX(INBMy;NNODE) '
IF(NBF.LE.NBD) GO TO 482

CALL SHUF (1, NBDyNBW,NBDTQ)

CALL SYMSOL(NNODE,NLL,NBM)

CALL SHUF (24 NBDyNBVW,NB0OTO)}

GO TO 582

CONTINUE

CALL SYMSOL{NNODE,NLL,NEBM) :
CONTINUE ‘ '
1F{NSTEP.EQ.1} GO TO 959

IFCISTEP.EQ.2) GO TO 959

DO 949 1=1,NNODE :

“HIT)}=CK(I,1)

949

959

(o]

(9 X 9]

729
899

2 XX 2N o]

415

460

450

200

950
1999

(e Xg Ng

" 199

CONTINUE

NBQ=NBW+1

CALL QMULT(NBQ,QSUM)
CONTINUE

IF(ISTEP.EQ.1} GO TO 899

RESHJFFLE MATRICES JBD + DISP.

IF{J.EQ.0) GO TO 899
DO 729 1214

- IPOS=NBH-J+I

JBD{IPOS)=JSEEP(])
DISP(IPOS)1=DSEEP{I)

CONT INUE

IF(ISTEP.LT.NSTEP) NBP=NBHW+1-J
CONTINUE

PRINT OUT SOLUTION FOR FUNCTION
ONLY THE DARCY AND FINAL SOLUTIORS

IF{II1.EQ.1) GO TO SO0

CONTINUE

NCOUNT =0

EMAX=0.0

DO 450 1=1,NNODE
EPSTI=CK{1,11-H(I)
IF(ABS{EPSI).GT.EMAX) EMAX=ABS(EPSI)
IF(ABS(EPSI) .LE.HTOL) GO T3 46C
NCOUNT =NCOUNT+1
HOI}=H{ 1) 40RELAX*EP ST

GO TO 450

CONTINUE

H{I)=CK(1,41}

CONTINUE

GO TO 1999

CONTINUE

00 950 1=1,4NNODE

H{11=CK(I,1)

CONTINUE

CONT INUE

REGENERATE IDARCY _
CALL HYPROP (1,AK,BK,PMK,VCR ,AGP, BGP, PMGP, VGP;

D0 199 I=1,NELEM AL;BL: pPML,VvCL)

JieNDD(TI, 1}

J2=N0n{1, 21
J3=NODUI,3)
NT=NREP(I)
CALL VCHEC3(I'AL.BL,JI.JZ.J3¢NT,PML,VCL:HRRX'HRRY'
CONTINUE



277.
MODIFY THE VARIABLE MESH.

CALL MOMESH{KSURFy ESMAX L VEC,; NDFLEX, SFTOL,HEIGHT s ORELAX}

PRINT OUT ADJUSTED FREE SURFACE POSITON.

oo 0o

IF({NCOUNT.EQ.0) GO TO 1000

999 CONTINUE

1000 CONTINUE
KRITE(NPRINT,413) I11

413 FORMAT(//,10X, 'NUMBER OF ITERATIONS REQUIRED =',110}
HRITE(NPRINTy 4T3INCOUNT EMAX

473 FORMAT(//,10X,*TOLERANCE COUNTER FOR HEAD =2 134//y

c 1 10X, *ABSCLUTE MAXIMUM ERRQOR IN HEAD =t 4Fl2.4)
C CHECK FOR ACCURACY OF DISCHARGE RATIO.
C :
DHD=DSW(IQ)
c CALL AQDISINBQ,QAQFR;QRDIF,DELT4TH,RCSNG,IQ,QFIX,DH D)
pe .
Cc PRINT FINAL DISCHARGE VALUES.
C

QCALL=QCALCI(IQ)
QSTRGE=QCALL-QAQFR
HRITEINPRINT,1203)QAQFR,QSTRGE,QCALL,QRDIF
1203 FORMAT(///410X,*DISCHARGE FROM AQUIFER INTO WELL =V 3 F12.44//

1 10Xy *DISCHARGE FROY WELL STORAGE =%4Fl4.3,//,
1 10Xy * TOTAL CALCULATED DISCHARGE =0y Fl4a34//
210Xy *RESIDUAL DISCHARGE =%3F10.4)

IF(QRDIF.LE.QRTOL) GO TO 1102

RESET TRIAL FREE SURFACE POSITION AND ADJUST ZI-COORDINATE.

(e X X1l

CALL FOME SH{LVEC {NDFLEX yHEIGHT}
998 CONTINUE
1102 CONTINUE .
CALL SURCUT(KSURF,ESMAX,;LVEC,NDFLEX)

RESET JDARCY.

[2Xz e}

DO 3599 I=1,NELEM
JDARCY (I)=IDARCY ()
3599 CONTINUE
SWOLD=SH(IT)
DO 470 I=1,NNODE
IFCITCUR.GT.TT) TLESS(I)=TLESS(I}*TH/THN
HLESS ()= {HO-H(I})/CUNST
470 CONTINUE
CALL ROUT (NNODE}

C
C COMPUTE AND PRINT ELEMENT VELOCITIES
C

IF{IVEL.EQ.0) GO TO 5§57

WRITE(NPRINT,4203)
4203 FORHAT(///'ZOX,'*****#t****tt**#**t**#*****##tt*t#****#*'/

1 20Xy '* ELEMENT VELOCITIES xv/
20Xy ¢ HE Rk R KSR ok AR R R R KRR RRA R AR RS [ /)

2
310X, "ELEM NO.*,10X, 'RADTAL VEL*,10X," VERTIC VEL', 10X, *IDARCY*y///)

DO 3000 Y=1,NELEM CALL HYPROP(1,AK, BK, PMK,VCR,AGP, BGP, PMGP, VGP,

JT=NOO(T, 1T
- J2=NOD(142) AL,BL, PML,VCL)

J3=N0D(1I,3) -

NT=NREP(])
CALL VCHEC3{T,ALyBL¢J1sJ2yJ39NT+PMLyVCLyHERRXsHRRY)
VCOMP I ==VEL{I}*HRRX
VCOMP2=~VEL(]}*HRRY
WRITE(NPRINT,1103)14VCOMP1,VCOMP2, IDARCYI(T)
1103 FORHAT(lOXaISv?(lOXgF10.3)s10XoIS)
3000 CGNTINUE
557 CONTINUE
IF(IT.GT.ITMIN) GO 10 577
IF(ITCUR.GT.IT) GO TO 7000
TMIL=T#/1000. ‘
WRITEINPRINT,333) TNIL
ITCUR=IT+1
GO T2 677
STT CONTINUE
THMIL=TM/1000.
WRITEUNPRINY 4333) THMIL

OBTAIN HEAD VALUES AT THE END OF TIME INTERVAL BY EXTRAPOLATION,.

[2X Xy

DO 477 I=1,NNODE

TLESSUTI=TLESS(T) *TR/THM

HI11=2.0%H{T)=HINT( I, 1)

HLESS(T)=(HO-H{T)}/CUNST
477 CONTINUE

SWTEMP=SWOLD

SHOLD=H(1)-HO
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con

[3XzYq)

7009

QFR=QAQFR

DUTEMP =SWOLD-SWTEMP
QAQFR=QFR*SWOL D/ SHTEMP
ACSNG=22,*RCSNG*+2/ 7.
TRM=ABS(ACSNG*OWTEMP®2, /DELT)
QCALL=QAQFR¢TRM* O, %%3

QRDIF =ABS (QFIX~QCALL)
SWIIT)=SWOLD

QWSTE =QCALL-QAQFR
HRITE(NPRINT,1203)QAQFR.QWSTR.QCALL.QRUXF
CONTINUE

CALL ROUT (NNODE)

T000 CONTINUE

9007

8007
7007

4800
5000

COMPUTE FIRST PORTION OF BOULTON'S EXPONENTIAL INTEGRAL.

IFCIT.EQ.NTICR) GO TO 71007
DD 9007 I=1,LVST
L=NDVEC(])

ZE(Y)=H{L)
FINTU(Is1)=HINT(L,1)
CONTINUE '
CALL BSIMP(LVST,TH; DINDEXySY, DELY; IT,0)
DD 8007 1=1,LVST
L=NOVEC(I}

HCOLD(TI)=H{L)

CONTINUE

PUNCH OUT SOLUTION AT FINAL TIME.

CALL HPUNCH(NNODE,2,1)

CALL HPUNCH({NNDDE,2,2)

CONT INUE

CONTINUE

SToP

END : )

SUBROUTINE GXNODU(IPENTR,NDSCsSCLEN, FRLENy SCFAC , XLMAX s IREG,
INMIN, RW, ROy THy NNODE yNELEM s LVEC s NLMy NVLST g HE TGHT yNDFLEX 5 HO 5 HH 4

2 IDISCR)

10

303
94

GENERATES DISCRETISATION DATA.

COMMON /ADISC/X(300,2),NOD{50G43)4NREP{500}

COMMON /BDISC/RVEC(50} +NDVECI50),XLEN(180]} .

COMMON /AELEH/NTRAN(3.90)gNHl(3:90!oNHZ(By?O)'NDBl(3c90)v
INDB2(3,90),NDWB(9}

COMMON /AFREE/HF{50)4NVMESHI120)4 NVELM{150)

"DATA NREADyNPRINT/1,3/

NESC=NDSC

CALL DCRGN3(ROyRHy SCFAC,FRLEN sNRRy XLMAX]
CALL HOFREE(HO,HSEEP,NRR)
HF(1)1=HF(1}-0.01

THMAX=TH

TH=0. 4%HF (1) :
IF(TH.LT.SCLEN) NDWB(1)=NDS
IF(SCLEN.GT.HF(11)) SCLEN=HF[1)-0.02
NRST=2

NFR=NDOWB{ 1)-NDSC/2 .
NSTFR=NDWB{1)+NDSC/2+¢2
IF(NDHB(1).EQ.NDSC) NSTFR=1
IF(NDWB(1}.EQ.NDSC) NFR=NDWBL 1)
IF(NCWB({1).5EQ.NDSC) NRST=1l
NTOP=0.4%NFR+1

IF(NRST.GT.1} NTOP=NTOP+1

NSTOR=NRST

NOWB(11=NOSC+NTOP-1

DO 10 L=1,2

CALL NCRGUL{NFRyIREGsNRRyNMINsNSTFRyNRST 4 IPENTR,L}
NRST=1 .
NSTFR=NFR

NFR=NTOP

CONTINUE

NRST=NSTOR

NSTFR=1

IF(NRST.GT.1) NSTFR=NDWB( 1}-NTOP+1
CALL NCRGU2INSTFRyNRRyNRST,NDSC)
IF(IDISCR.EQ.0) GO TO 94

HRITE (NPRINT, 303)

FORMAT (71 1,20X, *DISCRETISATION DATA®)
CONTINUE

DISCRETISE THE ENTIRE REGION INTO FINITE ELENMENTS,

NRST=NSTCR
KCREP=]

RTSEL=1

DO 691 L=1,2
IF(L.EQ.2) NRST=]
DO 65 I=NRST,NRR

278.
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65
89

691

77

83 FORMAT(///:10Xe46H IDENTIFICATION OF ELEMENTS — NODE CONNECTIONS, /
1/7/512 X%y THELEM NOy10X,SHNODEL, 10X,5HNODE2,10Xy5HNODE3,IOXy17HREPCTI

93
80
104

Nl=NH1{L, 1)

N2=NH2(L, 1)

N3=NH2t2, 1)

TFOINTLEQ.3) CAND.{N3.£Q.0)) NLMX=NTSEL
TF(N2.EQ.0) GO TO 89

NFND1=NDBI(L, 1)

"NFND2=NDB2(L,1)

NPAT=NTRAN({L 1)

CALL EBLOCK(KCREP N1,NFND1;NFND2,NPAT,NTSEL)
CONTINUE

TFILLEQ.Ll) NLM=NTSEL

CONTINUE

NHL(1,1)=2

CONTINUE

IF(N2.NE.O) NLMX=NLHM

NELEM=NTSEL-1

DO TT I=NLMX,NELEM

NREP(I)=NREP(]-1)+1

CONTINUE

PRINT QUT ELEMENT DATA.

NELEM=NTSEL-1
IF(IDISCR.EQ.0) GO TO 104
HRITE(NPRINT,83)

2TION NUMBER, //)

DO 80 I=1,NELEM
HRITE(NPRINT'93)11(NOD(I,K),K=1,3),NREP(I)
FORMAT (10X 15,3(10Xy15),12X,15)

CONYINUE .

CONTINUE

GENERATE NODAL COORDINATES.
'‘NRST=NSTOR

- NS=1

87

537

75

999

909

103 FORMAT(*14,10X, "NODAL CONRDINATES® ./ /410X, “NODE*+5X,

RI=RHW

MH=1
HEIGHT=TH

DD 75 I=1,NRR
OXG=XLEN(I)
21=0.0

TH=HE IGHT

NN2=NH1{2,1)

IF(NN2.EQ.0) GO TO 537

DO 87 L=1,2

NN=NH1 (L,1I)

CALL COORDCUNSsMMyNNsDXGy THyRI,Z21)
21=TH

NS=NS~1

RI=RI-DXG

TH=HF ( 1 I-HEIGHT

CONTINUE

RI=RI+DXG

NS=NS+1

GO 10 715

CONTINUE

TH=HF{I)

NN=NH1(1, 1}

CALL COORDC(NSyMM¢NN,DXGy THyRI421)
CONTINUE

IF(MH2(2,NRR).NE.O} GO TO 999
NN=NH1{1,NRR)

TH=HF (NRR ¢1)

CALL COORDCINSyMMyNN,DXGy TH4RI¢ZI}
GO TO 909

CCNTINUE

21=0.0

TH=HE IGHT

NN=NH1 (1, NRR)

CALL COORDC(NSQMH!“NQDXG,TH'RI’ZI,
RI=RI-DXG

21=TH

NS=NS-1

TH=HF( 1}~ HETGHT

NN=NH1 (2, NRR}

CALL CODRDGCINS yMMyNNyDXGy THyRI 421}
CONTINUE

PRINT OUT NODAL COORDINATES.
NNDDE=NS~1

TECIDISCR.EQ.O) GO 7O 1ll4
WRITEUNPRINT,103)

1*R-COORD! 4SXs *Z-COCRD! 4 //)
DO 85 I=14NNODE

279,
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WRITCINPRINT ¢ L1301, X{Is1)gX(I,2)

113 FNORMAT(10X,14,2F11.2)

CONTINUE

114 CONTINUE

223

335
333

433
533

124

GENERATE TOP FREE SURFACE NODE VECTORS.

DETERMINE RADIAL EXTENT OF VARIABLE MESH.

NDTO=NNODE
CALL FRVEC(HEIGHT,LVEC;NDTO,NLM,NVLST,NDFLEX,NELEMyIV)'

PRINT OUT FREE SURFACE NODE VECTORS.

TFLIDISCR.EQ.0) GO 1D 124
HRITE {NPRINT,223)
FORMAY(///,20X,*TUP BOUKDARY NODES AND RADIAL COORDINATES.'y// /s
;T! /0 10X; ' NODE NUMBER'Y, 20X, 'R~COORDINATE® 420X, * SURFACE HEIGH
'

DO 335 I=1,LVEC
HRITE(NPRINT 4333 INDVEC( T} ¢RVEC(I)4HF(I}
CONTINUE

FORMAT (10Xs 174 2( 25X4F10.2))

PRINT OUT NODES OF FLEXTBLE Z~COORDINATES.

HRITE (NPRINT,433) (NVMESH{I},I=1,NDFLEX}

NUM=NLMX )

HRITE(NPRINT,533) NLM,NVLST

FORMAT (// /420X, *NODES OF FLEXIBLE Z-COORDINATES',//410(5XsI5))
FORMAT (// /420X, *ELEMENTS OF VARIABLE SHAPE ARE NUMBER',
1 1642X:'TO%, 16}

CONT INUE .

TH=THMAX

RETURN

END

SUBROUTINE NCRGUL{NFRs IREGyNRRyNMINy NSTFR,NRST, IPENTR,L)

" GENERATES DISCRETIZATION PARAMETERS:~ NTRAN,NH1 ,NH2 ,NDB1,NDB2

15

20

10

ONLY FOR REGIONS 2 TO NRR,REGION 1 IS SPECIALLY YREATED.

COMMON /AELEM/NTRAN (3,901 ,NH1 (3,901 4 NH2(3,90) yNDB1{ 3,90} ,
INDB2(3,490),NDWB(9)

NC=NFR

NCOUNT =0

DO 10 I=NRST,NRR

TRGG=IREG :

TF({1.EQ.NRST).AND. (IPENTR.NE.O)) IRGG=0
IF((L.EQ.1).AND.{1.EQ.1)} IRGG=0 .
IF((L.EQ.2) cAND4 {1.LE.5)) IRGG=2
NCOUNT=NCOUN T+1

IF(NCOUNT .LT.IRGG) GO TO 20

NCOUNT =0

NHALF=NC/2

NREM=NC—2*NHALF

1F(L.EQ.2) NREM=0

IF{NREM.GT.0) GO TO 15

NC1=NC-1

IFINCI.LT.NMIN) GO TO 20

NTRAN(L,1)=2

NC=NC1

NH2(L4 1)=NC

NHL{LsI)=NC+1

60 70 10

CONTINUE

NC1=NHALF+1

TF(NC1.LT.NMIN) GO TO 20

NTRAN(Lys1)=1

NC=NC1

NH2{L 1)=NC

NHI(L,T)=24¥NH2(L,y10 -1

G0 TO 10

CONT INUE

NH2(L, 1)=NC

NTRAN(Lq¢ I }=0

NHL (L, 1)=NH2(L, 1}

CONTINUE

RETURN :
suB NSTFR ,NRRyNRST,NDSC] \

BROUTINE NCRGU2(NSTFRNRR, '

égHMON JAELEM/NTRAN (3,50) {NH1 {3,501} ,NH2(3,90] yNOBL(3,90),
INDB2(3,90},NOWB(9)

MODIFIES NHL,NH2 AND GENERATES NDB1 AND NDB2.

IPOS=NRR+2
10UM=1pP0S-1
DO 10 I=1,NRR
N1=sNHLCL, )
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10
15

N2=NR1t2, 1)
TF{NL.NE.N2} GO TO 10
1F(N1.EQ.2) GC TO 15
CONTINUE

GO T0O 2%

CONT INUE

IP1=1+)

- IF({IP1.GT.NRR} GO TO 28

35

- 28

25

29

39

50

60

48

58

10
20

NHI(1,1+])=3
NH2{2,1+1)=0
IP0OS=1+2

IDUM=T+1
NTRAN(1,1+1)=2
NRCOM=1+2 _
DN 35 I=NRCOM,NRR
NH1(2,1)=0

NH2{2, 11=0

CONY INUE

CCNTINUE
IF(NRST.GT.1) GO TO 29

J=NRST
NDBL{1,J)=NSTFR
NDBZ(IgJ)-NSTFRfNHl(1,J)+NH1(2.J) 1
NDB1(24J)=NDBL(1,J) NHL(1,J)~1
NDB2{ 2, J)=NDB2(1sJ I +NH2{1,d)-1
=g+l
G0 70 39
CONTINUE
NDB1(2,1) =NSTFR
NDB2(241)=NSTFR+NHL (1,2)+NDSC/2+NTOP
CONT INUE
DO 50 I=J,NRR
NOBI(1s1)=NDBLE 1y I~ 1)#NHL (1, I=1)+NHL (2, I-11~1
1F(1.EQ.IPOS) NDBL(1,1)=NDBL(Ls1)~1
IF(T1.6T.IPOS) NDBL{LsI}=NDB1(L,1)¢l
NDB1(2, 1)=NDB1(1, 1) +NH1(1,1)~1
IF(1.EQ.IDUM) NDBL(2,I1)=NDB1(2,1)-1
CONTINUE
NR1=NRR-1
D0 60 I=J,NR1
NDB2(1,T1=NDBL(1,1+1)
NDB2(2, 1)=NDB1{2, I+1}
CONTINUE
IF(IPOS.GT.NRR) GO TO 48
NDB2(14NRR)=NDB1 {1y NRR}+NH1 (] yNRR ) +NH2( 1,NRR)~2
NDB2(2,NRR)=NDB2 (1 NRR) +NH2 (14 NRR}~1
GO TO 58 :
CONTINUE
NDB2{1,NRR}=NDBL{1,NRR)+NHL (L ¢ NRR)+NHL{2,NRR}-1
NDB2(2 s NRR}=NDB2 {1, NRR)+NH2(1 4NRR)-1
CONTINUE
RETURN
END
SUBROUTINE DCRGN3(ROy RW3SCFAC s FRLEN, NRR y XLMAX )

GENERATES DISCRETIZATION PARAMETERS:—~ NRRyXLEN

COMMON /BDISC/RVEC(50) 4 NDVECL 501, XLEN(180)
MAXNR= 89

XLEN{ 1) =FRLEN

RLEN=RO-RW

SUM=XLEN( 1)

DO 10 I=2,MAXNR

XLEN(T)=XLEN{I-1)%SCFAC
TF(XLEN(I).GT.XLMAX] XLEN(I}=XLMAX
SUM=XLEN{ 1) +SUM

IF(SUM.GT.RLEN) GO TO 20

CONT INUE

CONTINUE

XREM=RLENXLEN(T }=-SUM

NRR=1

DENOM=1.+ SCFAC+SCFAC*2

XLEN{ 1=21=(XREM#XLEN( I- 1) #XLEN( I~ 2) ) /DE NOM
XLEN(I-1)=XLEN(1-2}*SCFAC
XLEN(I)=XLEN{I-1)*SCFAC

RETURN

END
SUBROUTINE BBLOCK(KCREPsNL,NFNOL,NFND2,NPAT,NTSEL]

GENERATES ELEMENT CONNECTIVITIES IN BASIC BLOCKS.

DIHMENSION ND({3,3)

COMMON /ADISC/X(300,2}yNID{500,3) 4NREP(500)
ND(1,13=NFIDL

ND{1,2}=NFND2

ND(1¢3)=NFNDL1¢1

NDl2y1)=ND(1,3)

ND(242)=ND(1,2)

ND(2¢33=ND(1,2}+1

281.
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40

90
200

270
260

TFINPAT.EQ.1) GO YO 200
TF(NPAT.EQ.0} GO TO 265
NTEMP=N]-2

DO 90 JJ=1,2

NST=NTSEL
NLST=NST+NTEMP

DO 40 J1=NST,NLST
NREP{J1}=KCREP
KCREP=KCREP+

DO 50 K=1,3
NOD(J14+K)=ND(JJyK)+{J1-NST}
CONTINUE

CONTINUE

NTEMP=NTEMP-1
NTSEL=NLST+1

CONTINUE

GO TO 400

CONT INUE
N0(3'1j=NDIZ}1’
ND(3,2)=ND(242)+1

ND{3, 31=ND(341)+1
NTEMP=(N1-1) /2-1

L1=2

L2=1

DO 250 JJ=1,3

L3=2

IF(JJ.EQ.2) L3=1
NST=NTSEL
NLST=NST+NTENKP

DO 260 JL=NST,NLST
NREP[ J1})=KCREP

DO 270 K=1,3

IF{K.EQ.1l) LL=L1
IF(K.EQ.2) LL=L2
IF(K.EQ.3) LL=L3

NOD{JI K} =ND(JJy KI+(JL-NSTI*LL
CONTINUE

CONT INUE

KCREP=KCREP+1

250

[z aXsl

265

150
140

190
400

20
50

70
60

90
80

NTSEL=NLST+1
CONTINUE

GO TO 400

CONTINUE
NTEMP=N1-2

DO 190 JJ=1,2
NST=NTSEL
NLST=NST+NTEMP

DO 140 J1=NST,NLST
NREP( J1)=KCREP

DO 150 K=1,3
NOD{J1,K}=ND{JJyK]+(J1-NST)
CONT INUE

CONTINUE
KCREP=KCREP+1
NTSEL=NLST+]

CONT INUE

CONTINUE

RETURN

END

SUBROUTINE COORDC(NSsMHM NNyDXGyTH,RI421)

GENERATES NODAL COORDINATES.

COMMON /ADISC/X(300,2),NOD{500,3) {NREP{500]
COMMDN /ASOLV/XX(5,90), XY(5,90}
DY=TH/{NN-1)

DO 20 L=1,NN

XX(1,L)=R1

DD 50 K=1|MH -
XY{Ky13=21 :

DO 60 J=2,NN

JMl=J-1

DO 7O K=1,M4

XY{Kg JI=XY{Ky JMLI+DY

CONTINUE

CONT INUE

DO 80 J=1,.MM

DO 90 K=1 4NN

L=NN®(J-1 )+K +NS~1

XLl =XX(J,K)

XILs2V=XY{Js K}

CONTINUE

CONTINUE

NEN=NS+[MH®IN)-1

NS=NEN+1 _

RI=X(NEN, 1) +D%G

RETURN

END

SUBROUTINE CDURDl}NS,Nl.HZ:NB.XLl.!LZ.THl.THZ;leNP&Tl

282.
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GNERATES NODAL COORDINATES FOR COMPOSITE BLOCK.

SSHHDN FADISC/X(300,2),NODIS500,3)4NREP(500}
=0
HM=1
IF{NPAT.NE.3) GO TO 20
NN=N1
DXG=XL1]
1120,
TH=TH1 )
CALL COORDCINSyMMyNN,DXGyTH,RI,Z1)
15 CONTINUE
ZI=TH1-TH2
NN=N2
THxTH2
DXG=XL2
CALL COORDC(NS,MMsNN,DXGy TH,RT,21)
GO Y0 25
20 CONTINUE
NN=N1-N3+N2
DXG=0.
2I=0.,
TH=TH2
CALL COORDCINSyMMyNN,DXGyTHyRI4Z1I}
ZI=TH#(TH1-TH2)/(N3-N2)}
NMN=N1-NN
ZI=TH+TH/(NN=-1]}
DXG=XxL1
TH=TH1~-21
CALL COORDC(NSyMMyNNyDXGyTHsRI,Z1)
DXG=XL2
TH=TH2
NR=N2
21=0.0
CALL COODRDC{NSyMMyNN,DXGysTHsRI,Z1)
25 CONTINUE
RETURN .
END -
- SUBRDUTINE FRVEC{TH,LVEC,NDTO yNLMyNVLST s NDFLEX s NELEM, IV}

GENERATES TOP FREE SURFACE NODE VECTORS AND VARIABLE NODE VECTORS.

COMMON /ADISC/X{300,42)4KOD(500,3) +NREP( 500}
COMMON /BODISC/RVEC(50)+NDVEC(50), XLEN(180])
- COMMON /AGCLEM/ELK(3,3,150)4+EK([3,43]}

COMMON /AFREE/HF(50), NVMESHI120),NVELM(150)
J=0
HW=2.%TH
DO 10 I=1,NDTO
JPaJ+l
2ZH=HF( JP)
IDIF=ABS(ZH-X(1,2]))
1F(ZIDIF.GT.0.001} GO TO 10
J=J+1
NDVEC(J) =1
RVEC{JI=X(141)
10 CONTINUE

LVEC=J
DO 132 I=1,LVEC
IF{HW .GT.RVEC(I)) GO TO 132
Iv=1

7 60 70 135

132 CONTINUE

135 CONTINUE

GENERATE VAR TABLE NODE VECTORS.
RLIM=RVEC(1IV)
J=0
DO 20 I=1,NDTO
IF(X(I,1).GT.RLIM} GO TO 30
ZDIF=X(1,2)-TH-0.01
1F(ZD0IF.LT.0.) GO TO 20
J=J+l
NVHESH(J) =1
20 CONTINUE
30 CONTINUE
NOFLEX=J
NVLST=NELEM
RETURN
END
SUBROUTINE BNDFII(IPENTR.ZB,HH.HO;NNDDE.NBD'NDH.NDRO.NBHI

LOCATES NODES WHERE HEAD VALUES ARE FIXED.

COMMON /ADISC/X{300421NIDL500,3) NREP{500)
COMMODN /BDISC/RVEC( SO}y NDVEC(50),J8D(90),DISP(90}
ZT0L=0.01

J=0

DO 10 I=1,NDW

IDIF=X{1,2)-18
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15
20

10

25

26

284

IF(IPENTR.NELO) ZDIF=-2ZDIF .
TF{ZDIF.GY.2TOL) GO YO 10
Jx=J+l

JantJd) =1

DISP(JI=HHW

CONTINUE

NBH=J

NST=NNODE-NDRO+1

DO 25 I=NST, NNODE

J=J¢l

JBD(J) =1

DISP(J)=HO

CONTINUE

NBD=J

RETURN

END

_SUBROUTINE BNDMOD(NBH; HWs NBDyNSTEP ,NBDTG}

MODIFIES VECTGRS JBD + DISP.

COMMON /ADISC/X{30042),NOD(500,3},NREP(500)
COMMON /BDI SC/RVEC{50) 4NDVEC(50)+JBD(90),0ISP{30)
COMHON /AFREE/HF{50),NVMESH{120)sNVELM(150)
D0 10 I=1,NBW

J=JBD(I)

LJ=X(J42)

IF{ZJ.6GT.HA} DISP(I)=2J

CONTINUE

IF(NSTEP.EQ.1) GO TO 20

IP=NBD+1

DO 15 I=1P,NBDTO

J=JBD( 1)

DISPLI)=X(Jy2)

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE AQPROP(NELEM,RGP,BTGP,TH,IGP)

GENERATES ELEMENT PROPERTIES INDEX,IPROP.

COMMON /ADISC/X(300,2),NOD(500,3) s NREP{500)

COMMON /CSOLV/VD(2000) 4 HINT{300,51) +IPROP{S500) +D(3,43)
DO 10 I=1,NELEM

J1=NOD(1I¢1}

42=N0D( 15 2}

J3=N0OD(1,3)

DRX=IX(JLy1}4X{J2,1)+X(JI3,1)) /3.

ORY=(X{J1 42)+X(J2,2)+X{J3,2))/3.

IPROP(I)=1

IF(1GP.EQ.O0} GO TO 10

JIF({ORX.LTRGP}. AND.(ORY.GT BTGP)l IPROP{I}=0
CONTINUE

RETURN

END.

SUBROUTINE MOMESH{KSURF ESHAX yLVEC,NDFLEX, SFTOL 4HE] GHT, ORLXX)

ADJUSTS FREE SURFACE POSITIIN AND MODIFY VARIABLE MESH.

COMMON /ADISC/X(30042}),NOD(50053);NREP(500)
COMMON /BDI SC/RVEC{ 50} +NDVEC(50},J8D(90},DISP(90)}
COMMON /AFREE/HF(50),NYMESH(120) s NVELM{150)
COMMON /VCOM/ORX(500),VEL(500),H(500},IDARCY {5001
ORELAX=0RLXX

NST=1

KSURF=0

ESMAX=0.

DO 10 I=1,LVEC

RR=RVECI(I)

J=NDVECI(I)

HSTOR=HF (1)

EPSI=H{JI)-X(Js2)

IF(ESMAX.LT.ABSIEPSI)) ESMAX=ABS(EPSI)
IF(ABS({EPSI) .LE.SFTCL) GO T3 25
HF(I)=HF(I)+EPSI/ORELAX

X(Je2)=HFLT)

KSURF=KSURF+1

GO T0 26

CONTINUE

HF{T)=H(J}

X{Jy2)=HF(I}

CONT INUE

ADJUSTS Z—-COORDINATES OF VARIABLE NODES.

NOT=NVYMESH{NST)

XCC=X{NDT,1!40.01

IF(RR.GT.XCC). GO TO 10
IDIF=X{NDT,2)-XINOT~1,2)
DXRTIO={HF(I)-HEIGHT)/{ HSTOR- HEIGHT)
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IFINSTLEQ.NOFLEX) GO TO 10
DO 19 K=NST,NOFLEX
NK=NVHESH (K)

XKxX{NK;11-0.01

IF{XK.GT.RR} GO TDO 29
ISTOR=X{NKy+2})

X{NKy 2} =X {NK=142)+DXRTIO*ZDIF
CONTTNUE

CONTINUE

NST=K

IFINST.GT .NDFLEX) NST=NDFLEX
X{Je2)Y=HF{I)

CONTINUE

JOUM=0D

IF(JDUM.EQ.O) GO TO 59

- READJUST POSITION OF TOP SEEPAGE POINT.

49
59

500

10

110

RR=RVEC(1)

HSTOR=HF( 1)

HF(1)=2 .%#HF(2}-HF{3)

I=1

NST=1

NDT=NVMESH(NST)

2DIF=X(NDOTy 2)-X(NDT=1,2)
DXRYIO={HF{I})~-HEIGHT }/ (HSTOR-HEIGHT)

DD 49 K=NST,HNDFLEX

NK=NVMESH (K)

XK=X(NK:11}-0.01

IF(XK.GT.RR} GO TO 59

ZSTOR=XI(NK,2)

XINKy2)=X(NK~142)}+DXRTID*ZDIF

CONT INUE

CONTINUE : -
RETURN

END

SUBROUTINE CONSTY(MyAK, BX;ACONSTyJ14J2503,NT)

COMPUTES NON-LINEAR COEFFICIENT FOR TRIANGULAR ELEMENTS.

COMMON /BELEM/B(150+31,C{150,3)},AREA(L150)

COMMON /VCOM /ORXI(500), VELIS00}4HIS00) s IDARCYLS500)
HX=BINT 4L J*H{JL) +B(NT, 2)%H{J2) +B{NT, 3} *xH{ I3}
HY=C{NT41)*H(JL}+CINT 23*H{J2)+CINT43)%H(JI3)

HS= ABS SQRT(HX®*%x2+HY*%2}}

EVALUATE VELOCITY AND ITS DIRECTION AT EACH ELEMENT

TEMP=0.5%AK+ SQRT (0. 25%AXE*2+BK*HS )
VEL(MI=HS/TEMP

'ACONST =AREA(NT ) *ORX (M) S TEMP

CONTINUE

RETURN

END

SUBROUTINE ELKGEN{M,NT]

GENERATES ELEMENT GEOMETRY MATRIX,ELK.

COMMON /AELEM/ELKI343,150),EK(3,+3}

COMMON JADISC/X(300,2),NOD(S00,3) (NREP(500)
COMMON /BELEM/B{1504+3)4C( 150, 31,AREA(150]
COMMON /VCOM /ORX {500] y VEL {500 )4 H( 5001, IDARCY(500)
J1=NOD{M, 1)

J2=NOD(M,2)

J3=NOD (M, 3)

ORX (M)=(X{J1s1)+X(J2, 10 #X{J3,1}}/3.
CONTINUE -

IFINREP{M).EQ.NT) G0 70 50

NT=NRCP{M)

XJ=X{J2,1)-X{J1, 1)

XM=X(J3,1)=X{J1l,1]

YJI=X{J2:.2)=X(J1,4 2}

YM=X{J3,2)-X(J1,2]}
AREA(NT)I=0.5*(XJRYHN-XK*Y])
AFUN=2 . *AREAINT)

BINT,1 )=l YJ=YM)/AFUN

BINT, 2} = {YM)/AFUN

BINT,3}= (-YJ]/AFUN

CINT1)=( XM-XJ) /AFUN

CiNTs2)= (—-XM)/AFUN

C{NT3)= { XJ)/AFUN

DD 100 I=1,3

00 1CO J=1,3

IF(J-11 105,110,110

CLE{T g JoNTI=BINT, 1 *B(NT,JI+C{NT, 1 1%C(NT4J)
GO TO 100 . )

105 CLK{Ts JyNTI=ELK(J, I4NT)

285.
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CONT INUE

CONTINUE

RETURN

END

SUBROUTINE ELGENU(M,II1T4AK,BK4NT¢ VCOUNT ,PMK}

GENERATES ELEMENT MATRIX EK FOR TRIANGULAR ELEMENTS.

COMMON /AELEM/SLK(3434150)4FK(3,3}

COMMON /ADISC/X{300,2),NOD{500,3) ,NREP{500)
COMMDN /BELEM/B(15043)4C{150,3),AREA{150)

COMMON /VCOM/ORX(500) 3 VEL{500) +H{500),IDARCY(500)
IF(IDARCY (M) .EQ.0)} GO TO 70

CONTINUE

J1=NOD(M, 1)

J2=NOD (M, 2)

J3=N0OD (M, 3}

CALL CONSTYT(MyAKyBKyACONSYJ1lyJ25 J34NT)
GO TO 80

CONTINUE

PX=PMK

ACONST=PX*0ORX (M) *AREA(NT)

CONTINUE

CALCULATE SYIFFNESS MATRIX
NORMAL STIFFNESS MATRIX MODIFIED BY THE FACTOR OACONSTO

DO 200 I=1,3

DO 200 J=1,3
EK{T3J)=ACONST*ELK{I5J¢NT)
CONT INUE

RETURN

END

SUBROUTINE MERB3(N, M)

MERGES ELEMENT MATRIX EK INTO GROSS VECTOR VCORE.

COMMON /ACURE/VCORE(ZOOO)yVKORE(ZOOO)

. COMMON /ADISC/X{300,2),NOD(500,3) ,NREP{500)

20
10

20

30

40
45

COMMON /AELEM/ELK(3,3,150)4EK(3,3)
COMMON /ASOLV/ISTART(300) 4NBAND(300),1D(300)
DO 10 I=1,N

TK=NOD (M, 1)

IF{IK.EQ.0} GO TO 10

DO 20 J=1,N

JK=NOD (M, J}

IF(IK.GT.JK) GO TO 20
1P0S=TO(IK)+JIK-1K

VCORE { 1POS)=VCORE(1POS)+EK(T4J)
CONTINUE

CONTINUE

RETURN

END

SUBROUTINE EBFIN3(LEN, NM;NNsLL}

SUBROUTINE TQ GENERATE THE BANODWIOTHS OF THE BANDED SYM STIFFNESS

MATRIX. NBAND CONTAINS THE BANOWIDTHS, ID THE POSITION OF THE
TERM ON THE DIAGONALS OF THE ORIGINAL MATRIX, LEN IS THE LENGTH
THE VECTOR

DIMENSION LV(3)

COMMON /A SOLV/ISTART{300) ,NBAND(300),ID{3001}
COMMON /ALISC/X(30042),NOD{50043) sNREP(500)
DO 20 I=l,LL

NBAND(I)=1

ISTART(I)=I

CONTINUE

SCAN THROUGH THE LOCATION VECTOR FOR EACH MEMBER TO FIND

THE PDSITION OF THE TERM FURTHEREST FROM THE DIAGONAL IN EACH ROW

NF2=3

DO 25 I=14NM

DO 30 J=14NF2

LV(J31=NODI(I,J)}

CONTINUE

00 45 J=1,NF2

IF(LV{J)}.EQ.0IGO TO 45

DO 40 K=1,NF2

IF(LVIJ).GT.LV(K}) GO TO 40
NW=LV(K]}-LV(Jl+l

NR=LV{J)

TF(NK.GT.NBAND{NR}) NBAND(NR)=NW
CONTINUE

CONTINUE

SEARCH FOR THE FURTHEREST OFF-LEFT TERM

00 .55 J=1,NF2
IF(LVIJ).EQ.O0) GO TO 55
DO 65 K=l NF2
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IF(LVIJILLT.LVIK)) GO TO &5

NH=LY (K}

NR=LV({J)

TE{NW.LTLISTART(NR) ) ISTART(MNR)=NW
CONT INUF

CONTINUE

CONTINUE

SET UP 10 VECTOR AND COMPUTE LENGTH OF STIFFNESS VECTOR
ALSO CHECK THAT NBAND DCES NOT DECREASE BY MORE THAN 1 AT A TIME

LEN=NBAND (1)

DO SO I=2,LL '
TFINBANDUT}-NBAND(T~1}.LT.0} NBAND(I)=NBAND(I-1)—-1
LEN=LEN+NBAND( 1)

CONT INUE

ID(1)=1

DO 60 I=2,LL

ID(I)=10( I-1}+NBAND (I-1)

RETURN

END

SUBROUTINE QFLUX(NBM,NNCDE}

MODIFTES MATRIX CK BY ACDING THE FLUX TERMS FOR NODES ON WELL BOUNDARY.

COMHON /ASOLV/ISTART(300) 4NBAND(3001,1ID{300)
COMMON /BSOLV/CK(300,1) 4VK(2000} '
DATA NREAD,NPRINT/1,3/

IFINBM.EQ.0) GO TO 20

NBP=NBH+1

DO 10 I=NBP, NNODE

IST=TISTART(I)

IF(IST.GT.NBM) GO TO 10

I1=1-1

DO 30 J=1ST,NBM

K=11-J+1

IP=ID(J)+K

CKOT411=CKII,1)=VK(IP)%CK(Jy1)

CONTINUE

CONTINUE

CONT INUE

RETURN

END

SUBROUTINE SYMSOL{LL,NLL,NBM)

AN IN CORE BAND SOLVER.
USE IN CONJUNCTION WITH TOPOLOGICAL SUBROUTINE FOR LARGE BANDWIDTH.

DIMENS ION VTEMP{90)

COMMON /BDI SC/RVEC{S50),NDVEC(50),JBD(90),4DISP(30)
COMMDON /ASOLV/ISTART(300),4,N(300), IDUH(300]
COMMON /BSOLV/C{300,1),VI{2000)

DDUBLE PRECISION TEMP

JBOUN=NBM+]

NBP=JBOUN

ID=1

IFINBM.EQ.0) GO TO 150

D0 100 I=1,NBM

ID=ID+N(I}

CONTIMNUE

CONTINUE

DO 10 IaNBP,LL

TEMP=V(1ID)

NEB=ID+N(I)-1

ID1=1D+1

IF(1.EQ.JBD(JBOUN)) GO TO 16

NORMALISE ROW 1

KK=0

vViiD)=1.0
IF(ID1.GT.NEBY GO TO 29
DO 20 J=1D1, NEB
KK=KK+1
VTEMP(KK])=V(J}
VIJI=VIJ)/TEHP
CONTINUE

DO 25 L=1,NLL
ClI+L)=C{I.L)/TEMP
CONTINUE

GO TO 46

CONT INUE
IFIIDL.GT.NEB) GO TO 39
KK=0

DO 120 J=10D1,NESB
KK=KK+]
VTERPIKK)I=V(J)
YiJI=0.0

CONT INUE

D0 12% L=1,NLL
C(I.L)=DISP(JBOUN]
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46 CONTINUE
104=1D
IF(ID1.GT .NEB) GO 7O 135
KK=0
DO 30 J4=I01,NEB
JI=J4-1D1+1
I0J=10J¢N(JI}
KK=KK+1
IF(VTEMP(KK}) S0,30,50
50 CONTINUE
IF(JBOUN.EQ.1) GO TD 240
JBM1=JBOUN-1
TF{1.EQ.JB0(JBML)) GO TO 140
240 10P=y
DO 40 K=IDP,NEB
KJ=IDJ+K-J
40 VI(KJ)=VIKJI)=VIKI%VTEMP [KK)
140 CONTINUE
NJ=I+J-1D
00 32 L=1,NLL
CINJSLI=CUINJsL)I=C{I,LJRVTEMP(KK])
32 CONTINUE
30 CONTINUE
35 CONTINUE
10=ID¢N(1I)
10 CONTINUE

BACK SUBSTITUTION

2 XXyl

I1D=1D-1

LLMl=LL-1

LLI=LL~-NBP

DO 70 IB=1,LL1

I=LLML-IB+]

" ID=1ID-N(1)

1S=T+1

IN=I+N(T)~-1

DO 80 J=1S,IN

NI=1D+J~-1

DO 75 L=14NL1L

ClI,L)=ClI,L)=-ClJyL)*VINJ)
75 CONTINUE B
80 CONTINUE
70 CONTINUE

RETURN

END

SUBROUTINE SUROUT(KSURF:ESMAX'LVECyNDFLEx)

PRINTS OUT FREE SURFACE COORDINATES.

[aX 2N o]

COMMON /ADISC/X{300,2),NOD(S500,3)sNREP{500)
COMMON /B8DISC/RVEC{S50)NDVEC(50),JBD(390),0ISP{90)
COMMON /VCOM/ORX(500),VEL(500),H(500),IDARCY(500)}
COMMON /AFREE/HF(50)sNVMESH(120),NVELM{150)
DATA NREAD,NPRINT/1,3/
HWRITE(NPRINT,3)
3 FORMAT(///+10X,*FREE SURFACE POSITON',//,
1 15Xy *RADIUS? 10Xy SURFACE HEIGHT',//)
DO 10 I=1,LVEC
WRITEINPRINT, 13)RVECLI) HF(T)
10 CONTINUE
13 FORMAT(10XyF10.2410X,F10.4)
HRITE(NPRINT,23) KSURF,ESMAX
23 FORMAT (// /410X, *SURFACE TOLFRANCE COUNTER ='4,110+//7/
1 10Xyt MAXIMUM ERROR OF SURFACE HEIGHT =%y Fl2.4)

C
C PRINT Z-COORDINTE AND HEAD VALUE OF FLEXIBLE NUDES.A
C
C

*%x  WRITE(NPRINT,33)
DO 30 1=1,NDFLEX
J=NVME SH( I}
XV=X(Js1}
Iv=X{J42)
HV=H(J)
Cax%  HWRITE(NPRINT y43)JyXVy ZV,HV
43 FORMAT(///410X,15415X,F12.642(1CXsF12.4))
33 FORMAT(///,20X, " HEIGHT AND HEAD OF FLEXIBLE NUDE"’///g

1 10Xy *NOGE NUMBER®, 10X, *R-COORDINATE® 410X, *Z-COORDINATE®
2 s 10Xe *IHEAD VALUE'9//)
. 30 CONTINUE
RETURN
END

SUBROUTINE VCHEC3{MyAK,BKyJly JZ.JJ,NT.PMK,VCR.GRRX.GRRY)

ooo0

COMPUTES ELEMENT VELOCITIES FOR TRIANGULAR ELEM?NTS.
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COMMON /BELEM/B{150+33,C{150,3},AREAL150)
COMMON /VCOM /02X (500) 4 VEL(500) ,H{500), IDARCY{500)
HX=BINTs L)*H{JL)+B{INT 9 2)%H(J2) +BINT, 3)%H{J3)
HY=COINT 1 ) #H(J1) +CUNT { 23%HIJ2 ) +CINT, 3)%H{J3)
HS= ABS( SQRY{HX*#2+HY%#2})

IF( IDARCY [M)} .EQ.0} GO TC 20
TEMP=0.5*AK+ SQRT (D, 25% AK® %2+ BK*HS )

VEL {14) =HS /TEMP -

TFCABS{VELIM)).LE.VCR) IDARCY(H)=0

GO YO 30

CONTINUE

VEL (H)}=PMK%HS

IFCABSIVEL(M) ) oGT.YCR} IDARCY({M)=1

CONTINUE

RETURN

END

SUBROUTINE SHUF{ JF, NBD,NBW,NBDTO)

SHUFFLES VECTOR JBD AND DISP.

DIMENSION JSEEP{50) 4DSEEP(50})

COMMON /BDISC/RVEC{ 50)yNDVEC( 50}, JBD(901,DISP(90}
NWID=NBD-NBW

JS=0

JST=NBD+1

JEND=NBDTO

IF(JF.EQ.2) JST=NBDTO-NWID¢1
DO 10 J=JST, JEND '
JS=JS+1 ’
JSEEP(JS)=4BD(J)
DSEEP(JS)}=DISP(J)

CONTINUE

JST=NBNW+1

JEND=NBD

IF{JF.EQ.2) JEND=NBDTO-NWID
DO 15 J=JST, JEND

JS=JS+1

JSEEP(JS)=JBD{J)

- DSEEP(JISI=DISP(Y)

15

20

50

CONTINUE

JS=0

NST=NBW+1

DO 20 J=NST,NBDTO
JS=JS+1
JBD(J)=JSEEP(JS]
DISP(J)=DSEEP(JIS)
CONT INUE

RETURN

END

SUBROUTINE ELGND3(NT,SCM)

GENERATES ELEMENT MATRIX D FOR TRIANGULAR ELMENTS.

COMMON /CSOLV/VD(2000}, KINT(300,1)+IPROPIS00}+D(3,3)
COMMON /BELEM/B{150,3),C(150,3),AREA{150)

COMMON /VCOM/ORX(500),VELE500),H(500),10ARCY{(500)
COMMON /ADISC/X(300452),N0OD(50043)+NREP(500)
IF(NREP(M)}.EQ.NT} GO TO 50

NT=NREP(M)

FORM ELEMENT MATRIX:- O

DI{1,1)=0.5%0RX(M)*AREA{NT }*SC/3,
D{(2+2)=D(1,1) )
0(393,=D( 1s 1)

D(1,2)=D(1,1)*0.5

D({2:1)=D(1,2)

D(1:3)=D(1,2)

D(3,1)=D(1,3)

D(2+3)=D(1,2)

D{3,21=D12,3)

CONTINUE

RETURN

END

SUBRDUTINE MERBD(N; M)

MERGES ELEMENT MATRIX D INTO GROSS VECTOR VD.

COMMON ZADISC/X(300,2),NON{50043),NREP(500]
COMMON /AFLEM/ELK(3,3,150)+5K1(3,3)

COMMON /ASOLV/ISTART(300)},NBAND(300),10(300)
COMMON ICSOLV/VD(ZOOO)yHINT(BOO,l)gIPROP(SOO);D(3,3]
DO 10 I=1,N

IK=NOD(M, I}

IF(IK.EQ.0) GO TJ 10

DO 20 J=1.N

JK=sNOD (M, J)

IF{IK.GT.JK) GO TO 20

1POS=1D(IKI4 JK-TK

VoL 1POSI=VDLIPOSI+D{I,J)
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CONT INUE

CONT INUE :

RETURN i
END

SUBROUTINE VOFB(LVEC)

. GENERATES VECTOR VDTOP.

DIMENSION D(2,2)

COMMON /BOISC/RVEC(501 ,NDVECL50), JRD(90)},DISP(90)
COMMON /ADPARA/TLESS{300)4HLESS(300},GK{300,1),VDTOP{200)
COMMON /ADISC/X(300,2),NOD({500,3} ,NREP{500)
COMMON fASDLV/ISTART(300),NSAND(300),ID{ 300}
NELTOP=aLVEC-1

NN=2

1I0t1)=1

00 10 I=2,LVEC

ID(I)=1D(1I-1L1+2

LENT=2*%LVEC-1

DO 108 I=1,LENT

YOTOP({1)=0.0

CONTINUE

DO 208 IE=1,NELTOP

IN=NDVEC(IE)

IP=NDVECLIE+1)}

RAVE=0.5% (X{IPs L}+X{INs1)}
ROIF=X{IP,1)-X{IN,1)

Dl{l,1}=RAVE*RDIF/3.0

D(2,2)=D(1,1)

D(1y2}=D(1,1)%0,.5

D(2:1)=D(1,2)

DO 308 I=1,2

IK=]JE+({I-1)

DO 408 J=1,2

JK=IE+{J-1)

IF(IK.GT.JK) GO TO 408

IPOS=ID(IK)+JK-1K
VDTOPIIPOS)=VDTOP({IPOS)+DII,J}

CONTINUE

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE GVYMODILACT,SY,IGK)

MODIFIES GRDOSS VECTORS VK AND GK TO ACCOUNT FOR LEAKAGE FLUX ACROSS
TOP BOUNDARY .

COMMON /ASOLV/ISTART(300)+NBAND(300),1D(300}

COMMON /BSOLV/CK(300,1),VK(2000)

COMMDN /CSOLV/VD(2000), HINT(300,1),IPROPI500)+D(3,3)
COMMON /BDISC/RVEC(50) 4NOVECI50),JBD{90),DISP{20}

COMMON /ADPARA/TLESS{300)+HLESS{300),GK{300,1},VvDTOP{200)

00 1078 L=1,LACT
IPL=(L-1)%2¢1
1P2=1P1+1
IPM=1P1-1
VF1=vDTOP(IP11*5Y
VF2=0.0

“VFM=0.0

1F(L.GT.1) VFM=VDTOP({IPM)%SY
IF(L.LT.LACT) VF2=VDTOP{IP2)%5Y
I=NDVEC(L)

J1=1

J2=Jl

JM=J1

IF(L.LT.LACT) J2=NDVEC(L+1)} _
IF{L.GT.1) JHM=NDVEC(L-1}
SUM=VFI*HINT{J1, L)+ VFZ*HINT(J 2, 1) ¢ VFM*HINT (UM, 1)
IFCIGK .67 .0) GKI{J1, 1)=GK{JLy1}+5UM
IF{IGK.GT.0) GO TO 1078

1s=10(1)

VKLIS)=VK(IS)+VFL

IL=IS+NBAND(I)~-1

VKIIL }=VK(IL)+VF2

CONTINUE

RETURN

END

SUBROUTINE GKMOD(LACT,SY})

MODIFIES MATRIX GK TO TAKE ACCOUNT OF LEAKAGE FLUX ACROSS TOP BOUNDARY.

MON /BDISC/RVECI S50} ,NOVECI501,J8D(90},D15P(90)
Eg:non jaLEAKIQLEAKtsoi.HCULD{BOI.HF(Sﬂl-FINTISO-ll-GP(ﬁOl
COMMON /ADPARA/TLESS{300)HLESS(300),GK1300,13,VOTOP(200)
DO 1078 L=1,LACT .
IPL=(L-1)%2¢1
IP2elPil+l
IPM=]P1~-1 .
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VF1=VDTOP(IPL1)*SY

VF2=0.0

VEM=0.0

IF(L.GT.1) VFM=VDTDP(IPM)*SY

IF(L.LTL.LACT) VF2=VDTOP(IP2)%SY

I=KRDVEC(L)

J1=1

LM=L

LP=L

TR(LLLY.LACT) LP=L+]

IF(L.GT.1) LM=L~1
SUM=VF1*QLEAK(L ) «VF 2*QLEAK(LP )+ VFM*QLEAK(LM)
GKUJL¢+1)=GK(J1,1)+SUM

CONTINUE

RETURN

END )

SUBROUTINE TIGEN(NTICRyTFACTR,TMUL 4DTMUL 4RW4PH,SS,IWBCsQF X, TPAT)

GENERATES DI SCRETE TIME VECTOR,TIME.

COMMON /ZATIME/TIME(&0) ¢ SH{GO) sDSW(S) QCALC{5}
SHST=0.8

CUN=22 ,#RW¥%2/(7.%QFIX)
TIME(1}=TFACTR
IF(TPAT.EQ.2) GO 1D 15

DO 10 I=2,NTICR
TIME(I)=TIME(I-1)*TMUL
TMUL=TMUL+DTMUL

CONTINUE

G0 TO 17

CONTINUE

DO 20 I=2,NTICR,2
TIMECI)=TIME(I-1)
TIMECT+1)=2.*TIME(])
CONTINUE

DO 25 1=24NTICR
TIME(T)=TIMECI)+TIMELI-1}
CONTINUE

CONTINUE

RR=RH+1.99
CONST=RR*%2%S5S/( 4. 0%PM)
IF(SS .LE.0.)CONST=1.0
IF(IWBC.NE.O)ICONST=1000%CUNK*SHST
DO 30 I=1,NTICR
TYIME(I)=TIME(I}*CONST
CONTINUE

RETURN

END

SUBRODUTINE VECMUL{NNODE,LEN)

MULTIPLIES GROSS VECTOR AND COLUMN MATRIX.
VKD = VK*D

COMMON /ASOLV/ISTART(300),NBAND(300),ID(300)}

COMMON /CSOLV/VK(2000),D(300,41),IPROP(500),DUM(3,3)

COMMON /ADPARA/TLESS(300)4HLESS(300),VKD(300,1),VDTOP(200)}
DATA NREAD,NPRINT/1,43/

L=1
DO 10 I=1,NNODE
1S = ID(I)

IL = ID())&NBAND(I}~-1

VKD{Is+1} = 0.0

00 20 J = 1Sy IL

K=]1+J-1S

VKD{T,1)=VKD(I, 1)+VK{J1*D(K,L )
CONTINUE

IF(1.EQ.1} GO TO 40
11 = I-1
1ST= ISTART(I)

DO 30 J= IST,Il

K = [1- J+l

) ID(J) + K
VKD{T,1)=VKD(I,1)¢VK{IP)*D(J,L)
CONTINUE

CONTIMUE

CONTINUE

RETURN

END
SUBROUTINE AQDIS(NLEN:QAQFR,QRDIF;DELT;THvRCSNG'IQ:QF!XyDHD)

COMPUTES TOTAL DISCHARGE INTO THE HWELL.

COMMON /BDISCIRVECISO).NDVEC(50)'JBO(90)yD!SP(90)
COMMON /ASNLVZISTART(300) (N3AND(3001,1D(300)
COMMON /VCO4/DRX (5001, VEL {500 4H{500), IDARCY(500)
COMMDN /BQCAL/VYKQ(4C0),QWB(40)

COMMON IATIHE/TIHE(éO),SH(&O).DSH(S).QCALC(sl
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QSUM=0.0

THPI=44 . /T,

CALL QMULT(NLEN,QSUM}
QSUM=ABS{ TWP [#QSUM) /(0. 5%DELT )
QAQFR=QSUM
ACSNG=0.5%TWPI*RCSNGH*2
TRM=ABS(ACSNG*DWD*2./DELT)
QCALX=QAQFR+TRM*10,¥=3
QRDIF=ABS(QF I X-QCAL X)
QCALC(IQ)=QCALX

RETURN

END

SUBRDUTINE QMULT(NBW, QSUM})

COMPUTES NODAL FLUXES AT WELL BOUNDARY.

COMMON IALFﬁK/QLEAK{SOI'HCDLD!JOJ,HF(SOI;FINT{SO,I);GP(QDl
COMMDN /ASOLV/ISTART(300) ,NBAND(300),ID{3200)

COMMON /BQCAL/VKQU600), QHB(40 )

COMMON /BDISC/RVEC({501,NOVEC{50),4BD{90),DISP(90)

C OMMON /VCHW}ORXI)OGI,VEL[SDOJ;HISOOI.IDARCYISGD}

DATA NREAD,NPRINT/1,3/

DD 10 L=1,NBW

1=J8D{L)

IF{L.EQ.NBW) 1=l

IS = IDB(1)

IL = ID({I)}+NBAND(I)-1
QWB(L)}=0.0

DO 20 J = IS, IL
K=I1+J-1S5 .

QHBIL ) =QWBIL ) +VKQ(J )%K(K)
CONTINUE

IF(I.EQ.1) GO TO 15
I = 1-1

IST= ISTART(I}

DO 30 J= 1IST,I1

K = [1- J+1

IP = ID(J) + K
QWBIL)=QWB{L)+VKQIIP)*H(J)
CONTFINUE

CONTINUE

QWBIL)}=QWBI(L }-GPIL}
QSUM=QSUM+QWB (L)

CONTINUE

RETURN

END

SUBROUTINE FQSET(IT,ITCUR,DELT+FQsTPAT}

SETS DRAWDOWN FUNCTION FOR WELL DISCHARGE ITERATION.

COMMON /ATIME/TIME(60), SW(60},DSHISEQCALC{5)}
IF(TPAT.EQ.1) GO TO 20

IF(1T.GE.3) GO TO 10

TFU(ITEQal) «AND(ITCURLGTIT)) FQ=SH(IT!
GO TO 20

CONT INUE

DO 15 I=1,IT

HOLTA=0.499%0ELT

IF(HDLTA.GT.TIME(I)) GO TO 15

FQ=SH{I)

GO 1O 20

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE HREAD{NNODE,L 4 INDEX)

READS IN NODAL VALUES AT STARTING TIME.

COMMON /VCOM/0ORX{500),VEL{500),H(500],IDARCY{500)
COMMON /WORK A/VHORK (500}

COMMON /ALEAK/QLEAK (50) 4HCOLD (5014 HF(S0)sFINT(50,1),GPL 40}
NCARD=NNODE/ 6

NCARDT=NC ARD+1

IsT=1

0D 10 J=1,NCARD

TEND=IST+5 .

READ(L, 13} (VRORKII)1=1ST,IEND]
FORMAT(GE 13.4)

[ST=IEND+1

CONTINUE .
NREM=NNODE-MCARD*6
TEND=1ST+NREM-1

READIL 13} (VWORK(I},1=1ST,IEND)}
DO 15 I=1,NNODE

TF{INDEX.EQ. 1) HIT)=VWORKIT)
IF(INDEX.EQ.2) QLEAKII}=VWORK(I)
CONT INUE

RETURN

END
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SUBROUTINE HOFREE(HO,HSEEP4NRR)
COMPUTES INITIAL FREE SURFACE.

COMMON /BDISC/RVEC(50),NOVEC{50), XLEN(180)
COMMON /AFREE/HF (503 yNVMESH(120),NVELMI150)
HSEEP=HO

HF{1}=HSEEP

DO 10 KK=1,NRR

Kl=KK+1

HF (K]} =HSEEP

CONTIMNUE

RETURN

END

SUBROUTINE ROUT(NNODE)

PRINTS OUT NODAL VALUES.

COMMON /ADISC/X(30042)4,NOD{500,3) 4 HREP{ 500}

COMMON /VCOM/0RX({500), VEL(5001sH(5001, IDARCY{500}

COMMON /ADPARA/TLESS(300),HLESS{300},VKD(300,1),;VDTOP{200)
DATA NREADyNPRINT/1.3/
WRITE(NPRINT,53)
FORMATL// /)
HRITE(NPRINT,3)
WRITE{NPRINT, 13}
WRITE(NPRINT, 23}

WRITE (NPRINT,13)
WRITE(NPRINT,3)
FORMAT(5X,50(**'}}
FORMAT (5Xs "% 1 448X, P %4)
FORMAT(S5Xy*%¢ 411X, * FINAL RESULTS OF ANALYSIS®,12Xs'%*)
HRITE{NPRINT, 33)

DO 10 I=1,NNODE

HRITE(NPRINT 443} 14X {11} ,X(1,2)4H{I}TLESS(I),HLESS(I)
CONTIMNUE

FORMAT (// /420Xy *HEAD .VS. RADIUS AND 1/U .VS. WU)*,///,
1 10X, *NODE*® 410X ,* R~COORD*y 10Xy * Z-COORD' 10Xy 'HEAD® 4 14X,

$1/7U 19X, *H(U)' /7))

FORMAT{10Xy 1 342(6Xs F1042) 98XyF10.447X4E11.4410X¢F1J.4)

RETURN

END

SUBROUTINE HPUNCH{NNODE,L)

PUNCHES OUT NODAL VALUES AT FINAL TIME.

COMMON /VCO%/ORX{500) ¢ VEL(5S00)4H{5001,IDARCY {5001}
NCARD=NNODE/6

NCARDT=NCARD+1

HWRITE(3,23)NCARDT .
FORMAT {(///,10X, 'TOTAL NUMBER OF PUNCHED CARDS =, 110}
1ST=1

‘DO 10 J=1,NCARD

TEND=IST+5

WRITE(L13){H{I),I=1ST,IEND}

FORMAT (6E13.4)

IST=1END+1

CONTINUE

NREM=NNODE-NCARD*6

JTEND=IST4+NREM-1

WRITE(L,13)(H(I),I=1ST, IEND}

RETURN

END

SUBROUTINE HMEANV(LVEC)

AVERAGES NODAL HEAD VALUES 3VER VERTICAL SECTIONS.

COMMON /ADISC/X(300,2),NOD(500, 3} NREP{500}
COMMON /ZVCN%/0RX {500}, VEL{5001,H(500)y IDARCY1500)
COMMON /BDISC/RVEC(50) ,NDVEC{50)¢JBD{S0),0DISP(30)
COMMON /AFREE/HF{50),NVMESH(120),NVELM(150)
WRITE(NPRINT,3)

FORMAT(// /420X, HEAN HEAD VS. RADIAL OISTANCE*y//
1 10Xy *RADIAL DISTANCE® 20X, *MEAN HYDRAULI C HEAD'+//)
NBOT=1

D0 10 TI=1,LVEC

NTOP=NDVECI(1}

SUM=0.0

DO 20 J=NBOT,NTOP

JH=4-1

JP=J+)

IF(JM.LT.NBIT) JM=NBOT

IF(JP.GTLNT2P) JP=NTOP

XOL=(X{JIP 2} -X(J,2)1%0.5
XD2={X{Jy2)-X(iM4,2))*0.5

SUM=SUMEH{J) *(XD14XD2)

CONTINUE

MELT)=SUMZIX(NTOP,2)-X{NBOT, 21}
WRITE(NPRINT,13IRVEC(I} HFLT)
FORMAT(10XyF15.2720XsF15.4)
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NBOT=NTOP +1
CONTINUE
RETURN
END

SUBROUTINE SSIHP(NNODE.TH,DINDEX,SY.DELT,!T,ITMIN)

EVALUATES BOULTON'S CONVOLUTIONAL INTEGRAL BY SIMPSON'S 1/3 RULE.

DIMENSTION FN(3})

COMMON JRTIME/TIME( 601, SH{60),DSW(5) ,QCALCLS)

COMMON /VCOW/ORX(SOO)oVEL(SOO)1HDUM(500)yIDARCY(SOD)
COMMON /ALEAK/QLEAK(SO).HCOLD(SO),H(50),H]NT(50,1)'GP(401

DOUBLE PRECISION DEXPy ARGU,s FN o QCUNT
ITH=1T~1

IF(ITM.EQ.0) GO TO 5§
TM=TIME(ITNM) :

. TOLD=ATIME(IT)+TIME(ITH])*O,

20

40
50

30

e X2Xn)

Rk

35

10

62

GO T0 15

TH=000

TOLD=0.5%TIME(IT)
TEM=(TIME(IT)+TIME(IT+1}}%0.5

Do 20 I1=1,3

TC=THM4+DELT*(I11~-1)%0.5

ARGU=~{ TMM=-TC } *DINDEX

FN(II}=DEXP{ARGU)

CONTINUE

ARGU=-DINDEX*( TMM-TOLD}

DO 30 I=1,NMODE

IF(IT.GT.ITMIN) GO TO 40
T1=2.%FN(L}*{(HINT(1,1)-HCOLD(I))}
T2=4,%FN{ 2}« (H(T)-HCOLD(T })
T3=2.%FN{ 3% (H{T)-HINT(I,1))

DQ  =T1+4T2+T3

GO TO S0

CONTINUE

DQ =(HOTI=HINT (I, 1) )R (FNLL) #4.%FN{2)+FN( 3]} .
CONTINUE

DQ=-DQ

QCUNT=QLEAK(T)*DEXP (ARGU)}

QLEAK(Y }=QCUNT+DQ

IF(DINDEX.LE.O0.) QLEAK{T)=DQ

CONTINUE

RETURN

END

SUBRGUTINE SWMOD(IQsITysRCSNGy DLTA, QFIXyQAQFRySWOLD, DSOLD, TPAT, FQ,
1HO) '

ADJUSTS THE VALUE OF WELL DRAWDOWN.

COMMON /ATIME/TIME(60), SH{60),DSHI5) 4QCALCIS)
‘COMMON /ALEAK/QLEAK (501 yHCOLD{S50) s HF {5014 FINT(5041) 4GP(40)
DELT=DLTA/10.#%%3

ACSNG=22. 0*RCSNG*%2/7.0

IF{IQ.NE.1) GO TO 15

1F(ACSNG.GT.0.0) GO TO 35

IF(IT.GT.5) GO TO 10

DSH(1Q)=-DSOLD

GO TO 20

CONTINUE

IF(1T.GT.S) GO TO 10
QRATIO=QACFR/QFIX
IF(ABS{QRATIO).GE.0.8) GO TO 10

TMM=T TME( IT)-0.5%DL TA
FACTR=0.5%DELT/ACSNG

QDEL=QF IX~QAQFR*0.95¥TIME(IT) /THM
1E(ABS (QRATIO).GE.0.5) QDEL=QFIX-QAQFR.
DSW(1Q)=FACTR¥QDEL

DSW(IQ1=-DSH(IQ)

G0 TO 20

CONTINUE

TOLO=TY IME(IT-2)
ARGLI=(TIME(IT)-0.5*DLTA}/TILD
ARGL2=TIME(IT=11/TOLD
TLOG=ALNG{ARGL 1) /AL OGARGL2)
DSW(TQ}=(SH(IT~-11-SW{IT-2))*{1.~TLOG)
DSH(1Q)=-DSH{1Q)

TF(DSWI1Q).GTo0.) DSNIIQ)=0.0

GG 1O 20

CONTINUE

IF(1Q.GT.2) GD TO 25

TF(TPAT.EQ.2) GO TO 62

TERMI={1.-QF IX/QCALC{IQ-1))*HO**2
TERM2=QF I X/QCALC{T0-1)#SH(IT)#%2
FT=SQRT(TERML¢ TERM2)

DSW(1Q1=F T-SHOLD

G0 TO 20

CONTINUE
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TF({ACSNG.LE.O0.).AND.(FQ.LT.0.)} GO TO 40
DSW(IQ)=DSW(1)*QFIX/QCALC(1}
GO TO 20

40 CONTINUE
SWCOR=SWIIT)-FQ«{QCALC{1}-QFIX}/QFIX
DSH{IQ }=SHCOR-SHOLD
GO 10 20

25 CONTINUE
DOSW=DSH(IQ-1)-DSH( IQ-2)
TERM1I=QF I X~QCALC({1Q-1)
TERM2=QCALC(IQ-1)-QCALC(IQ~2)
DQR=TERM] /TERM2
DSW{IQ)=DSH(IQ-1}+DDSH*DQR

20 CONTINUE
SHIIT}=DSW{IQ)+SWOLD
DSOLD=-DSW{IQ)
RETURN
END
SUBROUTINE HOUTI(NNODE;HOsHW,RO}

PRINTS OUT NODAL VALUES.

COMMON /ADISC/X(300,2),NOD(500,3) ,NREP(500]}
COMMON /VCOM/DRX{500),VEL({500},H{ 500),IDARCY(S00}
DATA NREAD,NPRINT/1,3/
WRITE (NPRINT,53)

53 FORMAY(///)

HRITE (NPRINT,423)
DO 10 I=1,NHODE
RHO=X{1,1}/R0
T21=X{1;2)/HO
SDLESS={HO-H({I)}}/(HO~HW)
HRITE(NPRINT $953 )14 X(141)4X{142)4H{I},RHO,TZI,SDLESS
10 CONTINUE
953 FORMAT (SXy13,206%:F12.2),4(8X,F10.4)}
423 FORMAY(// /95X, “NODE ' ,5X ¢+ *R-COORDINATE® 45X, * Z-COORDINATE®,9X,
1*HEAD VAL UE®,9Xy *RHO~COCRD* 49X *TZI-COORD* 45Xy *'DIM, DRAHDOWN®,//)
RETURN '
END.
SUBROUTINE FOMESH{L VEC,NDFLEX,HEIGHT}

.RESETS TRIAL POSITION OF THE FREE SURFACE.

COMMON /ADISC/X{300,2},NOD(500,3),NREP{500)
COMMON /BDI SC/RVEC(50),NDVEC(501),48D(90),015P(30)
COMMON JAFREE/HF(50),NVMESH(120),NVELM(150)
COMMON /ALEAK/QULEAK(50) 4HCOLD(50) 4 ZF(50)FINT{50+1),GPL40}
NST=1

D0 10 I=1,LVEC

RR=RVEC(I)

J=NDVEC(I)

HSTYOR=HF(I)

HF(I)=2F(I)

X(J,2)=HF {1}

ADJUSTS 2-COORDINATES OF VARIABLE NODES.

NDT=NVMESH{NST)
XCC=X{NDT 41}+0.01
1F(RR.GT.XCC) GO TO 10
ZDIF=X(NDT, 2)-X{NDT-1,2}
DXRTIO=({ HF (I }—HEIGHT )/ {HSTOR-HEIGHT]
IFINST.EQ.NDFLEX) GO TO 10
DO 19 K=NST,NDFLEX
NK=NVMESHI(K)
XK=X{NK,11-0.01
IF({XK.GT.RR} GO TO 29
2STOR=X{NK,2)
X{NKj2)=X (NK-1,2)1+DXRT]C*2DIF
19 CONTINUE
29 CONTINUE
NST=K
 IFINST.GT NDFLEX) NST=NDFLEX
X{Jy2)=HF (1}
10 CONTINUE
RETURN

END : -
SUBROUTINE SHDFIX(HH,HD,NNODE'NBD;NDH;NDRO.NBR.NSCR:N,RHI

LOCATE NODES WHERE NODAL HEAD VALUES ARE PRESCRIBED.

OMMON /AOISC/X(300.2!,”00(500'3)'NRE?(SOO)
ghMNDN IBOISC/RVEC(SC).NDVFC(50)'JBD(90).DISP(90)
COMMON /WSCREN/XSCR{5),HSCR(5)

K=0

NFND=1

DO 30 I=1,NSCREN
XST=XSCR(1}-0.01
XEND=XST+HSCR(1}#0.02
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DO 40 J=1,NNODE
L=NFND+J~1
IF(L.EQ.2) GO TO 222
IF(X{L,1).GT<RW) GO TO 30
222 CONTINUE
TFUIX(Ly2) oL ToXST)ORL{X(Ls2) .GT.XEND)) GO TO 70
22 K=K+1
JBDIK) =L
DISP{K)=HW
GO TO 40
70 IF(X(L,2).GT.XEND) GO TO 30
40 CONT INUE
NEND=L+1
30 CONTINUE
3=K
NBW=J
NST=NNGDE-NDRO+1
DO 25 I=NST,NNODE
J=J+1 ‘ '
J80(J) =1 i
DISP{J)=HO ’
25 CONTINUE
NBD=J . N .
RETURN T T
END -
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5. MODIFICATIONS

5.1 EXTENSION OF COMMON BLOCKS TO SOLVE LARGER PROBLEMS

In using the two-dimensional flow programs, a situation may arise
where it becomes necessary to increase the sizes of some COMMON blocks

in the main programs and subroutines to cater for larger values of the

following variables:

(i)

(i1)

(iii)

(iv)

v)

NLAYR, which denotes the number of layers in the
multi-layer system (Maximum value allowable in the

current listings is 3)

NNODE, which denotes the number of nodes in the
entire finite element network (Maximum value

allowable in the current listings is 300)

NELEM, which denotes the total number of elements
in the network (Maximum value allowable in the
current listings is 500 in programs STCON3,
TRCON3, STFREE and TRFREE, and 200 in STCOND

and TRCOND)

NT, which denotes the number of elements haying
different geometry (Maximum value allowable in

the current listings is 150)

LEN, which denotes the length of gross vectors
formed by assembling all elements in the network

(Maximum value allowable in the current listings

is 2000)

For convenience in modifying the programs, the COMMON statements

which must be altered in their main programs are written in the following

manner:

(i) M/PROG. OF STCON3

COMMON /ADISC/X (NNODE,2), NOD(NELEM, 3) ,NREP (NELEM)
COMMON /ASOLV/ISTART (NNODE) ,NBAND (NNODE) , ID (NNODE)

COMMON /CSOLV/VD (LEN) ,HINT (NNODE, 1) ,IPROP (NELEM),D(3,3)
COMMON /BSOLV/CK (NNODE, 1) ,VK (LEN)
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COMMON /ADPARA/TLESS (NNODE) , HLESS (NNODE) , GK (NNODE, 1) , VDTOP (200)
COMMON /AELEM/ELK (3,3,NT),EK(3,3)

COMMON /BELEM/B (NT,3) ,C(NT, 3) ,AREA (NT)

COMMON /VCOM/ORX (NELEM) ,VEL (NELEM) , H (NELEM) , IDARCY (NELEM)
(ii)  M/PROG. OF TRCON3

DIMENSION JDARCY (NELEM)

COMMON /ALAYR/AKL (NLAYR) , BKL (NLAYR) ,VCRL (NLAYR) , SSL (NLAYR) ,
THL (NLAYR) , IREGL (NLAYR) ,NMINL (NLAYR) ,NFRL (NLAYR) , PML (NLAYR)
COMMON /AELEM/ELK(3,3,NT),EK(3,3) |
COMMON /BELEM/B (NT,3),C(NT,3) ,AREA (NT)

COMMON /BSOLV/CK (NNODE, 1) ,VK (LEN)

COMMON /ASOLV/ISTART (NNODE) ,NBAND (NNODE) , D (NNODE)

COMMON /CSOLV/VD (LEN) ,HINT (NNODE, 1) , TPROP (NELEM) ,D (3, 3)
COMMON /VCOM/ORX (NELEM) , VEL (NELEM) , H (NELEM} , IDARCY (NELEM)
COMMON /ADTSC/X (NNODE, 2) ,NOD (NELEM, 3) ,NREP (NELEM)

COMMON /ACORE/VCORE (LEN)

COMMON /ADPARA/TLESS (NNODE) ,HLESS (NNODE) ,GK (NNODE, 1)

VDTOP (200) | |

(iii) M/PROG. OF STCOND

COMMON /ALAYR/AKL (NLAYR) , BKL (NLAYR) , VCRL (NLAYR) , SSL (NLAYR),,
THL (NLAYR) , TREGL (NLAYR) ,NMINL (NLAYR) ,NFRL (NLAYR) , PML (NLAYR)
COMMON /ADISC/X (NNODE,2) ,NOD (NELEM, 6) ,NREP (NELEM) ,

ITYPE (NELEM)

COMMON /AELEM/BA(NT) ,SLX (NT,6) ,SLY (NT, 6) ,SELK (6,6) ,EK(6,6)
COMMON /CELEM/ELK (3,3,NT),B(NT,3),C(NT,3) ,AREA(NT)

'COMMON /ASOLV/ISTART (NNODE) ,NBAND (NNODE) , 1D (NNODE)

COMMON /BSOLV/CK(NNODE,1) ,VK (LEN)

COMMON /CSOLV/VD (LEN) , HINT (NNODE, 1) , TPROP (NELEM)

COMMON /VCOM/ORX (NELEM) ,VEL (NELEM) ,H (NNODE) , IDARCY (NELEM) ,
D(6,6)

COMMON /ADPARA/TLESS (NNODE) , HLESS (NNODE) , GK (NNODE, 1),

VDTOP (200)
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(iv) M/PROG. OF TRCOND

COMMON'/ACORE/VCORE(LEN)

COMMON /ALAYR/AKL (NLAYR) , BKL (NLAYR) , VCRL (NLAYR) , SSL (NLAYR),
THL (NLAYR) , IREGL (NLAYR) ,NMINL (NLAYR) , NFRL (NLAYR) , PML (NLAYR)
COMMON /ADISC/X (NNODE,2) ,NOD (NELEM, 6) ,NREP (NELEM) ,

ITYPE (NELEM)

COMMON /AELEM/BA (NT),SLX (NT,6),SLY (NT,6) ,SELK(6,6) ,EK(6,6)

COMMON /CELEM/ELK(3,3,NT),B(NT,3),C(NT,3) ,AREA (NT)

COMMON /ASOLV/ISTART (NNODE) ,NBAND (NNODE) , ID (NNODE)

'COMMON /BSOLV/CK (NNODE, 1), VK (LEN)

COMMON /CSOLV/VD (LEN) ,HINT (300,1) , IPROP (NELEM)

COMMON /VCOM/ORX (NELEM) ,VEL (NELEM) , H(NNODE) , IDARCY (NNODE) ,

D(6,6) :

COMMON /ADPARA/TLESS (NNODE) , HLESS (NNODE) , GK (NNODE, 1),

VDTOP (200) ’

(v) M/PROG. OF STFREE

COMMON /ADISC/X (NNODE,2) ,NOD (NELEM, 3) ,NREP (NELEM)
COMMON /AELEM/ELK(3,3,NT),EK(3,3)

COMMON /BELEM/B(NT,3)C (NT,3),AREA(NT)

COMMON /ASOLV/ISTART (NNODE) ,NBAND (NNODE) , ID (NNODE)

COMMON /BSOLV/CK (NNODE,1), VK(LEN) '
COMMON /CSOLV/VD (LEN) ,HINT (NNODE, 1) IPROP (NELEM) ,

D(3,3) "

COMMON /VCOM/ORX (NELEM) ,VEL (NELEM) ,H (NELEM) , IDARCY (NELEM)

" (vi) M/PROG. OF TRFREE

COMMON /ADISC/X (NNODE,2) ,NOD (NELEM, 3) ,NREP (NELEM)

COMMON /AELEM/ELK(3,3,NT),EK(3,3)

COMMON /BELEM/B(NT,3),C(NT,3),AREA(NT)

COMMON /ASOLV/ISTART (NNODE) ,NBAND (NNODE) , ID (NNODE)
COMMON /BSOLV/CK (NNODE,1)VK (LEN)

COMMON /CSOLV/VD (LEN) ,HINT (NNODE, 1) , IPROP (NELEM) ,D (3, 3)
COMMON /VCOM/ORX (NELEM) ,VEL(NELEM) ,H (NELEM) , IDARCY (NELEM)
COMMON /ACORE/VCORE (LEN) ,VKORE (LEN)

COMMON /ADPARA/TLESS (NNODE) ,HLESS (NNODE) , GK (NNODE, 1) ,

VDTOP (200)
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Modification of a particular main program is accomplished by
inserting appropriate values of the variables NNODE, NELEM, LEN and NT in
the above COMMON statements. Modification of the subroutines containing
any of the COMMON blocks is accomplished in the same manner if the array
variables in the blocks correspond to those listed in the main program,
under the same COMMON block names. If the variables do not correspond
to those in thé main program, the COMMON blocks in the subroutines
should be extended in such a way that the total length of each block is
equal to the 1éngth of the corresponding block (under the same COMMON

name).

For example in subroutine GXNOD of‘Prpgram STCON3. Suppose the
.statement A
COMMON /AELEM/ELKX (3,3,150),EK(3,3)
is modified to
COMMON /AELEM/ELK (3,3,300) ,EK(3,3)

The corresponding COMMON statement in the subroutine GXNOD should
be altered ‘
from
COMMON /AELEM/NTRAN(3,90) ,NH1(3,90) ,NH2(3,90) ,NDB1(3,90),
NDB2(3,90) ,NDWB(9)
to : . .
COMMON /AELEM/NTRAN (5,90) ,NH1 (5,90) ,NH2 (5,90) ,NDB1(5,90),
NDB2(5,90) ,NDWB (459) ' ‘ '

It may bevnotEd the total length of this COMMON block is increased
from the previous block length of 3 x 3 x 150 + 9 = 909 to the new
block length of 3 x 3 x 300 + 9 = 5(5 x.90) + 459 = 2709.

-~

The remaining task is left to the user.



301.

5.2 PROBLEMS INVOLVING FLOW THROUGH ANISOTROPIC MATERTALS

The current versions of the two-dimensional programs are being
modified to handle problems involving flow through anisotropic materials.
Only anisotropic Darcy flow can be analysed at this stage as there is
still a lack of information on the non-linear constitutive relations for
anisotropic materials. It is assumed that the directions of the two

principal coefficients of permeability coincide with the horizontal and
vertical axes.

Modification of the programs involves

(1) Alteration of the READ statements for input of material data

(ii) Alteration of a number of statements in the subroutines which
generate element matrices and the subroutines which compute

the element velocities

(iii) Alteration of the CALL statements in the main programs which

.invoke the modified subroutines.
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5.3 MODIFICATION OF PROGRAMS TRCON3, TRCOND AND TRFREE TO START -
THE SOLUTION AT ITST > @2

The programs TRCON3, TRCOND and TRFREE can also be used, with slight

modification, to solve

(i) the transient flow problems starting from the
second or later time step at which the flow
system is nof at rest. (i.e. the hydraulic
heads at all points in each layer are not equal
fo HO)

(ii) problems-in which the initial heads in separate

layers differ.

For case (i) the appropriate value greater than or equal to 2
should be specified for ITST, and for case (ii) ITST should be set equal
to 2. \

The modification is accomplished by replacing the boxed statements

on pages 176, 222 and 273 by the following statements:

READ (NREAD ,6343) SWOLD,DSOLD, QAQFR
6343 FORMAT (3F10.3)

where in Programs TRCON3 and TRCOND o

SW = absolute value of the well drawdown at the beginning
of the starting time step

DSOLD = absolute value of the drawdown increment at the

' beginning of the starting time step

QAQFR = value of the total discharge from aquifer(s) into

well at the beginning of the starting time step
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and where in prcgram TRFREE

height of the water level in well at the

. SWOLD =
beginning of the starting time step
DSOLD = increment of SWOLD
QAQFR = value of the discharge from the unconfined

aquifer at the beginning of the starting time step.

In running the programs, input data additional to the problem data
listed in the input data forms (see pages 61, 78 and 108) must be
supplied by the user. The additional data cards should be inserted in

the following order after the problem data cards:

(i) Nodal values of the hydraulic head at the beginning of the
starting time step. The data cards are to be punched

according to the following formats:

NNODE

m— L)

H(1) H(2) H(3) H(4) H(5) H(6) \
1 ] | | l | ]
H(7) H(8) H(9) H(10) H(11) l H(12) l |
\ (6E10.4)
oo mmmmmmmmmaneananc H(NNODE)
L | | )
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(ii) Values of the flux for the top boundary nodes. The

data cards are to be punched according to the
following formats:

LVEC

1 aw

QLEAK(1) QLEAK(2) QLEAK(3) QLEAK(4) QLEAK(5) QLEAK(6)
| | | ]

LEAK(7)__QLEAK(S)  QLEAK(9)  QLEAK(10) QLEAK(11) QLEAK(12)

]

L

6(E10.4)

—————————————————————————————————————————— QLEAK (LVEC)

(iii) Values of the variables SWOLD, DSOLD and QAQFR. The

data card is to be punched according to

SWOLD DSOLD AQFR
] T | QAQ ] (3F10.3)
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6. INPUT DATA FOR ADDITIONAL FLOW PROBLEMS
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3 1 0 1.50 —Specification
—_ Card
1.00 1000.00 0.00 50.00 0.20
10.000 20.000 0.060
0 0 0 — Problem 1
100.00
2 2.00 0.50
0.50 1000.00 0.00 50.00 0.20
10.000 20.000 0.060
0 1 0 —Problem 2
0.0010 50.00
100.00
2 2.00 0.50
0.50 1000.00 0.00 50.00 0.20
10.000 +20.000 0.060
1 1 1 — Problem 3
0.060 0.040 0.010 0.500
0.0010 50.00
-50.00
2 2.00 0.50

‘Figure 27:

Input data for STCON1




3 0 1 1.50
0.50 1000.00 0.00 20.00 0.20
280.00
0 0 0 0 0
10.000 20,000 0.060 0.10E-04
10 500.000 1.500 0.000
3 2.00 0.50
0.50 1000.00 0.00 20.00 0.20
280.00
0 0 1 0 1
1.00 0.04
10.000 20.000 0.060 0.10E-04
0.060 0.050 0.010 0.10E-04 0.50
10 50.000 1.500 0.000
2 2.00 0.50
0.25 1000.00 0.00 20.00 0.20
100.00
1 0 0 1 0
10.000 20.000 0.060 0.10E-04
0.10E 00 0.10E-01
10 100.000 1.500 0.000
2 2.00 0.25

Figure 28:

Input data for TRCON1

307,

—
—Specification
— Card

—Problem 1

—Problem 2

—Problem 3
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3 1 1 1.50 " |— Specification
0.50 100.00 0.00 20.00 0.20 | Card
0 o
10.000 20.000 0.060 o
-50.00 —_Problem 1
0.50 1.50,  200.00 2 2
1 6 t
10.00 10.00 ]
0.50[ 1000.00 0.00 20.00 0420}
1 0
10.000 20.000 0.060 _
0.060 0.050 0.010| 0.500 10.000, | __ Problem 2
-50.00 |
0.50 1. 50 200.00 2 2
0 5 1 '
10.00 10.00 N
'0.50, 1000.00 0.00 40.00 0.20
o 1 I
10.000 20.000 0.060
0.0010 20.00 . Problem 3
-50.00 | -
- 0.50 1.50/ 200.00 2 2]
0 11 2|
0.00 10.00 B
20.00 10.00 N
-~ Fig. 29: Input data for STCON3
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2 0 0 1.50 L Specification
' Card
0.50 5000.00 0.00 0.20 2
100. 00 1.00 0.01
0 1 0 1 0
0.40E 02 | 0.10E 02 | 0.60E 02 | 0.60E-01 | 0.10E-04
0.20E 02 | 0.10E 03 | 0.00E 00 | 0.00E 00 | 0.10E-03 L Problem 1
10 1 1000.00 1.50 0.00
0.50 1.50 500. 00
3 1
2 2 5
4 '3 5
0.00 20.00
1.00 5000. 00 0.00 0.20 3
100.00 1.00 0.01
0 0 o | 1 1
0.20E 02 | 0.10E 02 | 0.20E 02 | 0.60E~01 | 0.10E-04
0.20E 02 | 0.10E 04 | 0.00E 00 | 0.00E 00 | 0.10E-03
“0.20E 02 | 0.10E 02 | 0.20E 02 | 0.60E-01 | 0.10E-04
0.10E 00 | 0.10E-01 L problem 2
10 1 4000. 00 1.50 0.00
0.50 1.50 500. 00
6 2
2 2 3
5 3
2 2 3
0.00 20.00
40.00 20.00

‘Figure 30:

‘Input data for TRCON3




. 310.

3 1 1 1.50 —— Specification
0.50 100.00 0.00 0.20 2 cexd
0 1 0
20.000 10.000 20.000 0.060
20.000 | 1000.000 0.000 0.000
-50.00 —— Problem 1
0.50 1.50- 20.00
5 1
2 2 5
2 3
0.00 20.00
0.50 1000.00 0.00 0.20 1
0 1 1
20.000 10.000 20,000 0.060
0.001 40.000 — Problem 2
-50.00
0.50 1.50 200. 00
5 1
2 2 9
5.00 10.00
0.50 1000. 00 0.00 0.20 2
1 2 0
20.000 100.000 0.000 0.000
20.000 10.000 20.000 0.060
.0.060 0.050 0.010 0.500 20.000 — Problem 3
-50.00
0.50° 1.50 200.00
5 1
-2 3
2 2
20.00 20.00

" "Figure 31:° 'Input ‘data for STCOND




2 0 0 1.50
0.50 | 5000.00 0.00 0.20 2
100.00 1.00 0.01
1 1 0 2 1
0.40E 02 | 0.10E'02 | 0.20E 02 0.60E-01 0.10E-04
"0.20E 02 | 0.10E 03 | 0.00E 00 0.00E 00 0.10E-03
0.100 0.100 0.010 0.500 20.000
0.20E 00 | 0.10E-01
10 1 1000. 00 1.50 0.00
0.50 1.50 500.00
3 1
6 3
5 2
20.00 20.00
0.50 | 5000.00 0.00 0.20 1
. 100.00 1.00 0.01
0 0 1 1 0
0.40E 02 | 0.10E 02 | 0.20E 02 0.60E-01 0.10E-04
+.100.000 50.000 0.010 0.500 20.000
20 1 50.00 1.50 0.00
0.50 1.50 20.00
5 1
2 3 2
20.00 20.00

" Figure 32: Input’

data for TRCOND

L Specification

Card

— Problem 1

— Problem 2
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3 1 1 1.50 | Specification
Card
0.50 | 1000.00 50.00 50.00 0.20
1 2
10.000 20.000 0.060
0.060 0.040 0.010 0.500 0.000 Problem 1
20.00
0.50 1.50 200.00 2 2
11 1
0.00 50.00
0.50 | 1000.00 50.00 50.00 0.20
1 1
10.000 20.000 0.060
50.000 | 100.000 0.100 2.000 0.000 L Problem 2
25.00 |
0.45 1.50 | 200.00 . 2 2
5 -1 ‘
0.00 20.00
0.50 | 1000.00 50.00 50.00 0.20
0 2
10.000 20.000 ' 0.060
20.00 B - problem 3
0.45 "1.50 | 200.00 2 2 |
5 1
15.00 20.00

Figure 33:

Input data for STFREE




0

2 -0 1.50 — Specification
. Card
0.50 1000.00 50.00 50.00 0.20
100.00 1.00 0.01
0.10E 02 | 0.20E 02 | 0.60E-01 | 0.10E-04 0.20E 00 | 0.10E-01
1 1 1 2 '
0.060 0.050 0.010 0.500 0.000 L— Problem 1
10 1 50.00 2.00 0.00
0.50 1.50 200.00 2 2
11 1
0.00 50.00
0.50 | 1000.00 50.00 50.00 0.20
100,00 0.50 0.01
0.10E 02 | 0.20E 02 | 0.60E-01 | 0.00E 00 0.20E 00 | 0.00E 00
1 1 0 | —— Problem 2
0.060 0.050 0.010 0.500 0.000
10 1 500.00 2.00 0.00
0.50 1.50 500. 00 2 2
5 1
0.00 120.00
' Figure 34: Input data for TRFREE

‘CIg
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