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(ii) 

summY 

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 account 

in steady or transient flow towards wells in single or multilayer, 

Confined or unconfined aquifers. IVhether 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 th.e 

complexity of the problem. 

During the course of a research, project Into the extraction' 

of water from unconsolidated sedimentŝ  funded b^ th.e Australian 

Water Resources Council, eight computer prograraŝ  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 account 

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 wfiich. includeŝ  both. Darcŷ  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 

of 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 
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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. 
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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-

lined in Section 3). 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 (Vcr ), coefficient of 

hydraulic conductivity ( K ) and the coefficient of specific storage 

( Ŝ ) . For a water table aquifer, additional parameters required are 

the coefficient of specific yield CSy ) and Boulton's reciprocal of the 

delayed yield index Ĉ ). For an aquitard, where only Darcy flow occurs, 
/ /  /  / 

the hydraulic parameters are ŝ, Sy ̂ K  and a . However, if one 
/  / 

is concerned only with steady flow, the coefficients Sg Sy ̂oî 85 Sy 
/ 

and oL 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 

screenCs), 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 ( r̂ ) 

for all layerCs). 
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(iii) Boundary conditions vihich include the pun5)ing 

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) Initial condition which is the initial height 

of the water table above the datum ( HQ ). 

2.2 FINITE ELEMENT METHOD OF SOLUTION 

2.2.1 GENERAL DESCRIPTION OF THE METHOD 

The programs eii5)loy 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 solution 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 ©f 

minimisation is accomplished by evaluating the 

elemental contributions, adding all such contributions, 

differentiating the resulting functional with respect 

to the nodal parameters and equating the differentials 

to zero. This gives rise to a system of simultaneous 
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algebraic equations which can be readily solved 

by direct elimination or iterative methods. 

For steady flow problems, numerical solutions 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 connections of el^ents) 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¿ = f , where f is a scale factor. 

Nodal co-ordinates and element nodal connections can 

be readily established once all the lengths have 

been computed. 
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(ii) 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 place are to be specified by the program user. 

The widths of the remaining blocks are generated 

from AT¿ = x f , and the number of 

vertical subdivisions in the next repeated blocks is 

established by reducing the number 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 connections 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 the 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 whidi belong to 

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

subdivided into rectangular or triangular el^ients. The 

latter are used when grading is required. 



Repeated Regular 
2 A "Rlri/^lro 

Fig. 1: Discretisation pattern for a single aquifer with a 
fully penetrating well. 

Specially discretised 
zone 

Fig. 2: Discretisation pattern for a single aquifer with a partially 
penetrating well. 



Repeated Blocks of Layer 2 

Repeated Blocks of Layer 1 

Fig. 3: Discretisation pattern for a multi-layer system with a fully 
penetrating well. 

ABCD - Subregion of Fixed Mesh 
o - Node of Variable Z-COORD. 

Fig. 4: Discretisation pattern for an imconfined aquifer with a 
fully penetrating well. 
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Figure 4 shows the discretisation pattern for an 

unconfined aquifer 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 list 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 

(STCONl and TRCONl) 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 óet 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 

coii5)uted 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 , . 

STCONl Solves steady, one-dimensional flow by-

employing 3-node line elements 

TRCONl Solves transient, one-dimensional flow by 

employing 3-node line elements. 

STC0N3 Solves steady, two-dimensional flow by 

employing triangular elements 

TRC0N3 Solves transient, two-dimensional flow by 

employing triangular elements. 

STCOND Solves steady, two-dimensional flow by 

employing rectangular and trianglar 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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Table 1 : List of Input Variables for all Programs 

Program 

T-i to lO Q Q w 
•z s •z •Z z  ̂ w s 

Input o 
CJ 

o 
u 

o 
u 

o 
u 

o 
u 

o 
u 

Pi Pi 
PU 

Variables B-
to 

CC 
H 

H 
w i 

E-
to 

ci 
H 

E-
w i 

NPROB X X X X X X X X 

IVEL X X X X X X X X 

IDISCR X X X X X X X X 

ORELAX X X X X X X X X 
Group 1 Group 1 

RW X X X X X X X X 

RO X X X X X X X X 

HO X X X X X X X X 

HTOL X X X X X X X X 

HW X X X X 

Group 2  < 
QFIX X X X X ! X 

RCSNG X X X X 

QRTOL X X X X 

lAQTA X X X X 

IGF X X X X X X X X 

IBOUND X X X X 

J IWBC X X X X X 

Group 3  • 
IKMAX X X X 

IWAT X X X 

V 
NSTEP X X 

AK X 

1 

X X X X 

BK X X X X X 

VCR X X X X X 

J TH X X X X X 
Group 4 

TH 

SS X X 

SY X X X X 

DINDEX X X X X 

THA X X X X 

PA X X X X 
V. 
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Program 

Input 

Variables 

T-i 
12; 
o 
u 
H 

 ̂

o 
o 
Pi 
H 

to 
 ̂

o 
u 

K) 

o 
o 

Q 
g 
u 
r • 

Q 
s 
o 
u 
H 

w 
w 
Di 
PL, 
r 

w 
w 
pii 
P-. 
H c/3 

 ̂

o 
o 
Pi 
H 

c ' 
CO i C/D 

Q 
s 
o 
u 
H CO 

w 
w 
pii 
P-. 
H 

NLAYR X X X 

AKLCI) X X X 

Group 5   ̂BKL(I) 

VCRLCI) 

SSL(I) 

THL(I) 
\ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

AGP X X X X X X X X 

Group 6  1 
BGP 

VGP 

SSP 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

THGP X X X X X X X X 

BTGP 
\ 

X X X X X X 

> NELF X X 

FRLEN X X X X X X X X 

SCFAC X X X X X X X X 

Group 7   ̂
XLMAX 

IREG 

NMIN 

IREGL(I) 

NMINL(I) 

NFRLCI) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

NDSC X X X X X X 

NSCREN X X X X X JC 

Group 8   ̂
XSCRCI) 

HSCRCI) 

IPENTR 

1 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

NTICR X X X X 

Group 9 

ITST X X X 

Group 9 
TFACTR 

TMUL 

DTMUL 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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ORELAX 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. 

RW 

RO 

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 

radiiis, it is assumed in all steady flow programs (STCONl, 

STC0N3, STCOND and STFREE) that the system is intercepted 

by a recharge source, and that the hydraulic head of this 

source is unaffected by pumping. 

HO denotes the hydraulic head at the external radius RO. In 

transient flow programs, HO also denotes the initial head 

in the flow system. 

HTOL 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 en^loyed 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. 

(ii) 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 STCONl, the prescribed head condition is 

simulated. In the program STCONl, either the prescribed discharge 

or prescribed head condition may be simulated. 
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HW denotes the prescribed hydraulic head at the well. HW 

does not include screen losses and other losses due to 

flow into or inside the vjell. 

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 

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

overlain by an aquitard. lAQTA takes the value of either 

0 or 1. A value of lAQTA = 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 lAQTA = 0 is used 

for a single aquifer confined by impermeable strata. When 

lAQTA = 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 

IBOUND 

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. 

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. 
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is an index used in transient programs and steady flow 

programs STCONl to indicate the type of boundary condition 

prevailing at the well. When used in the transient flow 

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 STCONl, IWBC - 1 indicates the prescribed 

discharge condition whilst IWBC = 0 indicates prescribed head, 

IKMM is an index which appears in programs TRC0N3/ STCOND and 

TRCOND, which are capable of solving more complex problems 

involving flow in multi-layer systems, TKMAX is used to 

indicate the layer of maximum permeability. Its value 

corresponds to the layer number of the most permeable layer, 

(Bach layer is numbered starting from bottom to top of the 

flow system). 

IWAT is an Index used in programs TRC0N3 and TRCOND to indicate 

whether the top layer is confined or unconfined. IWAT = 1 

indicates an unconfined flow system whilst XWAT = 0 

indicates a confined flow system. When IWAT - 1, an 

assumption of constant saturated thickness for the top layer 

is made in obtaining the numerical solution, 

NSTEP 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 v/holly 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 V̂-y , 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 5 , which denotes the coefficient of — 5 
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 oi , 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 rn , which denotes the thickness of an over-

lying aquitard of the Hantush-Jacob flow system. 

PA corresponds to K , which denotes the coefficient of 

hydraulic conductivity of the overlying aquitard. 
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(v) Group 5: Input Data on I^draulic Properties of 

a Multi-layer flow System 

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

exceed 3 in the current version of programs TRC0N3, STCOND 

and TRCOND. 

AKL(I) is the linear Forchheimer coefficient of layer number I. 

BKLCI) 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 AKLCI) = 1/PMLCI), where PML(I) denotes the 

hydraulic conductivity of layer I. 

VCRL(I) is the critical flow velocity of layer number I. 

SSL(I) is the specific storage of layer number I. 

THL(I) is the thickness of layer number I. 

AGP 

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

Geometry of Gravel Pack 

is the linear Forchheimer coefficient of gravel pack 

material. 

BGP is the non-linear Forchheimer coefficient of gravel pack 

material. 

VGP is the critical flow velocity of gravel pack material 

SSP is the specific storage of gravel pack material 

THGP is the thickness of gravel pack annulus 
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BTGP 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. 

These variables are defined as follows: 

NELF is the number of 3-node,one-dimensional elements in the 

first subregion. 

FRLEN is the length of the first subregion or first vertical block, 

SCFAC is the scale factor used in generating the lengths of the 

remaining subregions. 

XMAX is the maximum horizontal width of the block. XLMAX is 

specified to avoid ill-conditioned triangular or rectangular 

elements. 

IREG-1 is the number of repeated regular blocks with the same 

number of nodes on its left and right vertical lines. 

NMIN is the minimum number of nodes on a vertical line. ( nmin 2 ) 

IREGL(I)-1 is the number of repeated regular blocks with the same 

number of nodes on the left and right vertical lines across 

layer I. 

NMINL(I) is the minimum number of nodes along a vertical line across 

layer I. 
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2 NELF = 2 9 ® 3-node element 

• 'a—• K—e S VC 
^ i„ 

" H 0 ^ c 
-t . , An 

FRLEN = Ar^ 
Ar. = Ar._^^SCFAC 

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

Repeated Vertical Blocks 

hr-f: 

(ii) Subdivision of region into subregions 

FRLEN = A r;̂  
Ar . A r^. ^ ^̂  SCFAC 
A rg 4 XLMAX 

(iii) Subdivision of subregion into triangular elements 

IREG-1 = 2 

NMIN = 2 

Fig. 5: Discretised One- and Two-dimensional flow regions for a 
single layer system. 
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Repeated Blocks of Layer 2 

(i) Subdivision of region into vertical blocks 

FRLEN = A r i 

A r i = -SCFAC 

Ar , < 

(ii) Subdivision of each block into elements 

Layer 1 

IREGL(1)-1 = 2 
NMINL(l) = 2 
NFRL (1) = 5 

Layer 2 
IREGL(2)-1 
NMINL(2) 
NFRL (2) 

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

HSCR(2) 

XSCR(2) 

•7-i-

HSCR(l) 

XSCR(l) 

NSCREN 

NDSC 
IPENTR 

Base of flow system 

\ 

^ ^ y / ^ / Z / y / j  ̂y  y  y  y  y  ,  f  y  y  y  

HSCR(l) 

1 

1 

I 
1 
I 
1 
1 

' I 

\ 

\ NSCREN = 1 
NDSC  = 6 
IPENTR = 1 

HSCR(l) 

1 

1 

I 
1 
I 
1 
1 

' I 
\ \ 

NSCREN = 1 
NDSC  = 6 
IPENTR = 1 

XSCR(l) 

NSCREN = 1 
NDSC  = 6 
IPENTR = 1 

XSCR(l) 

NSCREN = 1 
NDSC  = 6 
IPENTR = 1 

(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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NFRLCI) 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. 

The variables are fulJ^ described as follows: 

NDSC is the total number of nodes on well screen(s). 

NSCREN is the number of screened intervals. 

XSCR(I) is the height of screen number I above the bottom of the flow 

system. 

HSCR(I) 

IPENTR 

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, 

(ix) Group 9: Input Data on Time Discretisation 

NTICR is the number of time steps. 

ITST is the starting time step number where the solution starts. 

If the solution starts from the initial time (when the 

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. CFor detailed information, 

see Section 5.3). 
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TFACTR is the dimensionless time of the first time step. 

TFACTR is computed from the real time value as follows: 

Let At be the real time value of the starting time step 

TFACTR = 4AtK/(/Ss) 

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 + 2. 

•muL 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. 

DTMUL 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 is the total number of nodes in the finite element network, 

For the one-dimensional programs STCONl and TRCONl, 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 in Section 5. 

NELEM 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 STC0N3, TRC0N3, STFREE and TRFREE and 200 in 

programs STCOND and TRCOND. 
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Tab le 2 : L i s t i n g of Output V a r i a b l e s 

Program 
r-i T-J to to 1 » Q Q w DJ w 

w 
ci tu CEi Output o z o 

u 
o 
u r • 

z o 
o 
^ 

z o 
u 

o 
o tin C—, 

w 
w 
ci tu CEi 

V a r i a b l e s L 
CO 

Cu 
H 

r" 
OD 

z o 
o 
^ t—' 

CO H 
c 
CO H 

NNODE X X X X X X X X 

NELEivl X X X X X X X X 

X ( I , J ) X X X X X X X X 

Group 1 ^ NOD(K,L) X X X X X X 

NREP(K) X X X X X X 

IPROP(K) X X X 

LEN X X X X X X 

JBDOl) X X X 

DISP(M) X X X 

IT X X X X 

Group 2 TM 

T m 

X 

X 

X 

X 

X 

X 

X 

X 

H(I ) X X X X X X X X 

TLESS(I) X X X X X X X X 

HLESS(I) X X X X X X X X 

Group 3 ^ I I I X X X x: X X X X 

EMAX X X X X X X X X 

PARAM X X X X 

RVEC(N) X X X X X X 

HFCN) X X X X X X 

VEL(K) X X X X X X 

VCOMPl X X X X X X 

Group 4 ^ VC0MP2 

VMEMCI,J X X 

X X X X X X 

IDARCYCK) 
X 

X x: X X X X 

IQ X X X X 

sw X X X X 

QAQFR X X X X 

Group 5 ^ QSTRGE 

QCALL 

QRDIF 

QWB(J) 

QSUM X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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X(I,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. Its 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 

JBD(M) 

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 CCM«)N blocks in the 

programs. 

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. 

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

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

(iii) Group 5: 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) 

HLESS(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 

r/r« . For transient flow programs, TLESS(I) 

corresponds to i/u = 4Kt/r S5 

is a vector containing the values of dimensionless 

drawdown for various nodes in the network. For steady 

flow programs, HLESSCI) corresponds to WCu) = zTCKms/Q^ 

For transient flow programs, HLESSCI) corresponds to 

•WC«) 47iKms/a 

III is the number of iterations required for final 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/2/tmro 
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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. 

VCOMPl is a radial component of an element velocity. 

VC0MP2 is a vertical component of an element velocity. 

VMEANCI,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 

CDarcy or non-Darcy) occuring within a particular element. 

IDARCY(K) = 1 indicates that non-Darcy flow occurs within 

element K whilst IDARCY(K) = 0 indicates that Darcy flow 

occurs. 

Group 5: Discharge Variables and related parameters 

IQ is the discharge iteration number. 

SW is the drawdown at the well. 
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QAQFR is the discharge from aquifer(s) into the well. 

QSTRGE is the discharge from well storage. QSTRGE may be 

significant for large diameter wells, particularly at 

early times. 

QCALL is the calculated well discharge, which is the sum of 

QAQFR and QSTRGE. 

QRDIF is the absolute value of the difference between QCALL and 

the prescribed well discharge, QFIX. 

QWB(J) 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). 

QSUM is the steady discharge from aquifer(s) into well, 

is computed from 

QSUM = ^ QWB(J) 

J 

It 
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3.2 STCQNl - PROGRAM FOR SOLVING STEADY, ONE-DIMENSIONAL FLOW 

The program STCONl 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 preparation 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 

values of Rho- and Tzi - co-ordinates which are defined as p = r/am 

and f = V ^ w > where s denotes the nodal drawdowns C s = K^-h ) 

and Sw 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 ) = aTTKms/Gl , and its 

argument, i/tt = r/r© . From this table, a type curve for steady, 

one-dimensional flow may be obtained by plotting WC^") versus i/ti 

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

table. A was calculated from X = hQ,K/zUmYo 
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FIGURE 8: INPUT DATA FORM FOR STCONl 

COMPUl'HR DATA SHEET PROGRAM STCONl By COMPUl'HR DATA SHEET 
Steady, one-dimensional flow Date 

Specification Card 

NPROB IVEL IDISCR ORELAX 
(3110, F10.2) 

Problem Data Cards 

RW RO HO TH HTOL 
C5F10.2) 

AK BK 

IGP 

VCR 

lAQTA IWBC 

(3F10.3) 

(3110) 

AGP BGP VGP THGP 

(Omit this card if IGP = 0) 

PA THA 

(4F10.3) 

(F10.4, F10.2) 
(Omit this card if lAQTA = 0) 

HW 
(F10.2) 

(Omit this card if IWBC = 0) 

QFIX (F10.2) 
(Omit this card if IWBC = 1) 

NELF SCFAC FRLEN 
(110, 2F10.2) 
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FIGURE 9: COMPLETED FORM FOR 2 SAMPLE PROBLEMS 

COMPUTER DATA SHEET 

Steady, 

PROGRAM STCONl 

one-dimensional flow 

By P. Huyakom ̂  

Date 14/12/73 

Specification Card 

NPROB IVEL IDISCR ORELAX 

1 2 1 1 1 0 1 1.50 I (3110 , F10.2) 

Problem Data Cards 

, F10.2) 

RW RO HO TH HTOL 

1 1.00 1 1000.00 1 0.00 1 50.00 1 0.20 (5F10.2) 

AK BK VCR 

1 10.000 20.000 1 0.060 1 (3F10.3) 

IGP lAQTA IWBC 

1 0 I 0 1 0 1 (3110) 

AGP BGP VGP THGP 

(Omit this card i£ IGP = 0) 

PA THA 

(4F10.3) 

(F10.4, F10.2) 

(Omit this card if lAQTA = 0) 

HW 
(F10.2) 

(Omit this card if IWBC = 0) 

QFIX 100.00 (F10.2) 

(Omit this card if IWBC = 1) 

NELF SCFAC FRLEN 
2.00 0.50 (110, 2F10.2) 
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COMPUTER DATA SHEET PROGRAM STCONl By P. Huyakorn 

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

Specification Card 

NPROB IVEL IDISCR ORELAX 
(3110, 

Problem Data Cards 

RW RO HO TH HTOL 
1 0.50 1 1000.00 0.00 50.00 1 0.20 1 

AK BK VCR 
(3F10.3) 10.000 20.000 1 I 0.060 I (3F10.3) 

IGP lAQTA IWBC 
(3110) 

0 1 0 (3110) 

AGP BGP VGP THGP 
1 1 (4F10.3j 

(Omit this card if IGP = 0) 

PA THA 
,4, FIO.2) 0.0010 50.00 (FIO. ,4, FIO.2) 

(Omit this card i£ lAQTA = 0) 

HW 
CF10.2) 

(Omit this card if IWBC = 0) 

QFIX lOQ.OO (F10.2) 
(Omit this card if IWBC = 1) 

NELF SCFAC FRLEN 
2.00 0.50 (110, 2F10.2) 

(5F10.2) 
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GcNERAL INPUT OATA 

-AxiU i-r-  -W = I L-C H  TrK M  i e S 

RADIUS OF WI.-LL  tf  O.'SOO 

-f ÂfMiJS—np-if-iFiiJErice-'i—i-ooeioyo 

HEIGHT  OF WATL'R TABL-. H  C.O 

-H-ii-eKK'tS-5-itF-AOU iFcR  if  50. libO 

TOLTRANCE FOR SUCCESSIVC HhAO VALUi:S U 0.200 

AQUIFER PROPL-F.TI QS 

C0[:FF1CIEMT A ri 

COCFFICIENT  B 4 

i0.0000 

2C.COCO 

CRITICAL VELOCITY 4  0.0600 

COEFFICIEMT K tl-  0.0893 

- ArJU ITA- Rti—P HtJ PrftT-J X 

HYDRAULIC  CnvHUCTIVITY Tf. 

THICKMHSS  ti  50.00 

-m/ft-A-XATi-tiN-i ÂC-TOR— U' 

0.OOiOO 

L—̂  UM P.  Ci DSS-ii 

TOTAL NUMBbR OF LLFMriMr̂ if. 

 ̂¿.ci:  jj:  sjr i,  ,-!<i}  v' ̂ W .-if 
*  FliML  SOLUTiOM   ̂

(! '  WATER  RiTSRi-I-NCc 

LiEHARY 

NO. OF ITERATIONS RtQUIR D̂  if  3 

ABSOLUTS MAXIMUM SiRRCR IN McAO ii n. 114 

-NGde-

HEAD VERSUS RADIAL DISTAMCE 

-HEAD-YAl-Uu-

3 
4 
5 

—ft -

7 
8 
Q 

1 1 
1? 
13 

15 
16 
17 
-1-p-
1  ̂
20 
21 
22 
23 
24 
25 
26 
-2T-

28 

0 . 
-Oi 
c. 
0 . 
1. 

1. 
I. 
2 . 

-TS". 
P.. 
12 . 
16. 
?/f-. 
32 . 
4:<. 
>4, 

1 :!2. 

-51 ;>. 
756 . 
lOJQ  . 

50C 0 

7 5{,-0 
oY50 
00 nc 

50uC 
Y5 3 0 
0lk!0 
5000-
ooe 0 
50 OC 
00( 0 

OijC 0 
000 c 
OulO 

ruC I. 
fuco 
OUOC 

000 0 
OOrO 
i'Ocn 

CO'.O 
O'JC'C 

-27.4126 
— — 

-2 4.f (;52 
-2 3."3C0 
-2 3.2132 

-2 1.2 372 
-20. 54 
- 1. Q 57 6 
l').C5tr5 
-ID.J363 
-1 7.7')0'3 
- 17 . 2 5 3̂ 
~ 1 5 .-r 1 
-1 '̂.T̂îY 
- 13. i4il6 
-12.3223 
107'̂ e76-

656 
17 

-7.4329 
-6.0417 
-5.0716 
-3.7703 
-2. b "T/ 
- 1. ".'.or? 
1. 1 M 3 
-0.4231 
-0.0000 

0.0 0 50 
—0-.C06 2— 
0.0075 
0.0Oh7 
O.OICO 
--OtG1-25 — 
0 .0 150 
U . 0 I i' 5 
0.0 2ro 

0,u3C 0 
0 .r< -550 
O.G400 
—e-.-o-6f-f;— 
o.o r̂c 
o.i2ro 
0.160 0 
—0.-2'If-'3— 
0.3 2"0 
0 ,/f eoo 
0.6 40 0 
O.-o-̂ O 
1 .2:00 
1.9 2(;0 
2 .5 51 0 
3  tT 0 
5.l?.i.0~ 
7.3oi 0 
10.0 0( 0 

-ceôfr 

1. OuOO 
C • 
0. 'v(; 4 9 
0. 
0. i.46 0 
-o. 
0 . 7 7 47 
c. 
0. 
—(n-
0. 
0. tAl"} 
n. 62̂ 4 
57'i '— 

0. 5 3T't 
0 . :i7r 
0. i ̂ w 5 
"  v 
0. ̂59 > 
\ ' « 
3̂-7-! 

0. /7 1 1 
0. 2 20 4 
0. 1̂ 50 
0. 137 5 
0. 1 5 T 
0 . 
- 0. t'̂, to-
0, ol 5 . 
0. I'-O c 
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VtLGCiTY 

7 
8 
9 
-to-
ll 
12 
13 

15 
16 
17 
-is-
19 
20 
21 

23 
24 
25 
~2tS-
27 
28 
29 

1.0 
—IvO-
2.0 
1.0 
2.0 

—1-T-O-
2.0 
1.0 
2.0 
—i-rO-
2.0 
1.0 
2.0 

—l-vfi-
2.0 
1.0 
2,0 
—iTi)-
2.0 
1.0 
2.0 
—IvO 
2.0 
1.0 
2.0 
—l-ri»-
2.0 
1.0 
1.0 

-0.60704 

-0. ¿fl244 
-0.3671Ó 
~0.3112 5 

-0. 20674 
-0. 18641. 
-0. 15̂-31 

~0. 10 3t2 
-0.09153 
-0.07 58 5 
t7Tt-5-5t)-ir-
-0.03 669 
-0.02750 
-0.01i'3l 

-0. 00-̂10 
-0.t;0679 
-0.00447 

-0.00212 
-0.00151 
-o.(;oo9i 

-0.000 3 2 
-0.00021 
-0.00010 

OISCHARGiH INTO WFLL  it 99.9982 

J}; ̂ 5}r  ̂.-ic >;Ì Jj:   ̂>!; j); j;:  ;;;Jf: -î. -i; ir- ̂ •  J!- ¿Ì ̂  i; sjc ii  sjt A jj ̂  ̂

*  ̂  ̂5"; ̂Tj; :i<r̂Ac ij::;'r/.  r̂. Ĵt ̂^̂ >;< lî  jJ-.  ̂  ̂ ^̂ jJ,  ̂.y  ;fc:Sf. A  :-5t 

NODF fJUMBER R-cogrdimate: FU'JCTIĜg WiO) 

9 
10 
11 

-1-2-

13 

15 
-i-6-
17 
la 
n 
-20-
21 
22 
23 
-24-
2 5 
2Ó 
27 

29 

0.50 
0. Ó3 
0.75 
0.Ba 
1. 00 
1. 25 
1. 50 
1-.-7 5- -
2.00 
2. 50 
3.00 
3-.-ÌÌÌ)  
4.00 
6 . 00 
•  00 
t̂-i-trO 
16. 00 
24.00 
3 2.00 

64.00 
96.00 
12.Ì. 00 

—1 ititi  
256.00 
3i.i4, 00 
5 12.00 
—"56. Gt)-  -
1000.00 

01 
01 
0 1 
01 
01 
01 
01 
-o-̂ 
CI 
CI 
0 1 

0.7692F 
0.7274n 
0 .6•'̂6U;• 
0,67l5':i 
0.6514£. 
0.6200Ì: 
0. 5••'60F-
-0v5767r-
0.5600̂~ 
0.534 6r 

C.4i3A2c 01 
0,443HE  01 
0.414-̂t; CI 
-fv-r374-r>1—0 1-
0 .34531:: 01 
0.305 5: 
0 . 

0.20P6S 
0.16V5H 
0 . 1 42 3r:' 
-fr 1-
o,:U37r  ro 
0.5 07 4ff (0 
0.320̂ '  00 
-0.1 
0 . 361 3 >2 1 

0 1 
C 1 
-fU-
01 
r; 1 
01 

0. -02 
0. 1323" -02 
0. 1537F -02 
0. lb52" -02 
0. 211 7 i -02 
0. 2 64 6"--02 
0. 317 5=--02 
-37 

0. A23 3f j" p 
0. 52 32c -(•2 
0. 6 5 50'" -C2 
Ti. -02 
c. -(' 2 
0. 12? c: -01 
0. -01 
-Ov --tri 
r-. iiPir: -01 

? -01 
0. 6 ' 7 3'; -01 

13 5 - ( c 
n. 2032- or-
n. 27 0 --
•frr 
0. 541  -C-'i 
 ̂-  • 
1. \ )  -r 0 

0. ic CI 
t"'. [6 vi-
C. 2117 :: ci 
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3.3 TRCONl - PROGRAM FOR SOLVING TFIANSIENT, ONE-DIMENSIONAL FLOW 

The program TRCONl 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 dimens ion less time ( i/-m. = 4Kt/»'̂ S5]and nodal values of the 

dimensionless drawdown ( W(u) = Kms/Ci ). 

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(«.) versus l/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. 
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FIGURE 10: INPUT DATA FORM FOR TRCONl 

COMPUTER DATA SHEET PROGRAM TRCONl By 

Transient, one-dimensional flow Date 

Specification Card 

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

Problem Data Cards 

RW RO HO TH HTOL 
(5F10.2) 

QFIX 

IWAT 

(F10.2) 

lAQTA IGP I BOUND IWBC 

RCSNG QRTOL 
(2F10.2) 

(Omit this card if IWBC = 0) 

AK BK VCR SS 

AGP BGP VGP SSP 

SY 

(Omit this card if IGP = 0) 

DINDEX 
1 1 1 
(Omit this card if IWAT = 

PA THA 

1 I I 

(2E10.2) 

(F10.4, F10.2) 

(Omit this card if lAQTA = 0) 

NTICR TFACTR TMUL DTMUL 

NELF SCFAC FRLEN 

(5110) 

(3F10.3, E10.2) 

THGP 

H (3F10.3, E10.2, F10.2) 

(110, 3F10.3) 

(110, 2F10.2) 
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FIGURE 11: COMPLETED FORM FOR SAMPLE PROBLEM 

COMPUTER DATA SHEET PROGRAM TRCONl 
By P. Huyakorn 

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

Specification Card 

NPROB IVEL 
0 

IDISCR 
I 

ORELM 
1.50 (3110, F10.2) 

Problem Data Cards 

RW 
1.00 

RO HO 

1000.00 0 .00 
TH 

20.00 
HTOL 

0 .20 C5F10.2} 

QFIX 
28Ü.ÜU 

IWAT 

I ^ 

(F10.2) 

lAQTA IGP 
0 

IBOUND 

Ö T 

IWBC 
(5110) 

RCSNG QRTOL 
(2F10.2) 

(Omit this card if IWBC = 0) 

AK BK VCR SS 
10.000 I 20.000 I 0.060 1 O.lOE-04 

AGP BGP VGP SSP 

SY 

(Omit this card if IGP = 0) 

DINDEX 

(Omit this card if IWAT = 0) 

PA THA 

(2E10.2) 

1 (F10.4, F10.2) 

(Omit this card if lAQTA = 0) 

NTICR TFACTR TMUL DTMUL 
I 5 I 50.000 I 1.500 i 0.000 

NELF SCFAC 

2.00 
FRLEN 

0.50 

(3F10.3, E10.2) 

THGP 

• (3F10.3, E10.2, F10.2) 

(110, 3F10.3) 

(110, 2F10.2) 
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iCt << jjc • I}:  5> « « • * * if * * • JSt • • it-« • « « * Jic If: ;(< «:5c *j;c >}: *«it iji lie * 

FINITE ELEMENT ANALYSIS OF WELL PROBLEMS  >!' 

» TRANSIENT, TWO REG I ̂1E_.F LO W _Tq W ARJ)̂ ̂ _S IN GLE JiE L L * 

ic  Jji   ̂« A V >;: i;  « ̂ 
« PR03Lf;M NUMßcR U  I * :äc * J}: ̂ jji * J}'*   ̂ • « ̂ « jjc + jjt jjc  ̂jĵ 

AQUIFER AND WELL CHARACTERISTICS 

RADIUS OF WELL  #  1.000 

RAO rOS-OF—INFtU ENCE-K  10 OtJvO 00 

HEIGHT OF WATER TABLE if-  0.0 

-TUl-eKN ESS—OF—AQOIFHI?—#  20 ."000 

TOLERANCE FOR SUCCESSIVE HEAD VALUES # 0.200 

PRESCRIBED WELL DISCHARGE 280.000 

AQUIFER PROPERTIES 

-COEFFICIENT- -l̂TÜOOO-

COEFFICIENT B #  20.0000 

XRIT ic-At-v EL̂ Ci rr-fi  0̂-0 600-

COEFFICIENT K #  0.C893 

-SPEC! Pï(̂-STûRA</E—#—0̂1ü{r-ü4— 

 ̂ G&NERA-L—T  AT-ft— 

NUMBER OF TIKE INCREMENTS H 

-Ti r 

TIKE MULTIPLIER 

INCREMENT OF MULTIPLIER 

1.5000 

0.0 

DISCRETISATION DATA 

NUMBER OF ELEMENTS IN FIRST SUBREGION § 

SCALE FACTOR FOR ELEMENT LENGTH 

-L-tNGTH-OF-FTR̂T—SUßRrEG-rÔl n  

H-  2.000 

-0.-50D 

SUBREGION NO. OF ELEMENTS LENGTH OF SUBREGION 

1 
2 

5 
6 

~ T 

8 
9 
10 
-tt-

0. 500 
1.000 
2.000-
000 

S.OOO 
16.000 
32.000 
6̂.000 
126.000 
256.000 

—487r500-

-TOTAL NO.-OF NODES"̂ 

TOTAL NO. OF ELEMENTS # 

MESH STABILITY FACTOR 

29 

14 

0.1092E-05 
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y ĵf: . ̂  0-52 00-01  -  -

ESTIMATtD RADIUS OF INFLUEMCE  H 

CORRESPONDING NO. OF NOOtS  H  25 

256,50 

CORRESPONDING NO. OF ELEMENTS  U  12 

NO. OF ITERATIONS REQUIRED FOR FINAL SOLUTION # 

MAXIMUM ABSOLUTE ERROR IN HEAD H  0.160 

* • 
• FINAL RESULTS OF ANALYSIS » 
<= *  

NODE 

-HE AO- i VS ." R AD I US"AND" I/U-vVŜ 

R-COORD HEAD 

-wiu)-

l/U W(U) 

1 
2 

—3-

5 
6 

-7-
8 
9 
10 
-11 
12 
13 
14 
1 5 
16 
17 
18 
-19-
20 
21 
22 
-23-
24 
25 

1.00 
1 .13 

—  1-.Z5— 
1.36 
1.50 
1 .75 
2;00— 
2.25 
2. 50 
3.00 

— 3.50 — 
4.00 
4.50 
6. 50 
8v50— 
12 .50 
16.50 
24.50 
—32.50— 
48.50 
64.50 
96. 50 
-126V50— 
192.50 
256.50 

-169. 
-155. 
-144. 
-135. 
-127. 
-1 14. 
-104. 
-96. 
-09. 
-78. 
--70. 
-64. 
-59. 
-44. 
---3 5. 
-24. 
-17. 
-9. 

-1. 
-0. 
-0. 

—-0-. 
0. 
-0. 

0A69 
<«840 
3705 
0735 
1537 
3392 
30B9 
2197 
500 6 
9 294 
«4 82 
4315 
1500 
7660 
6278 
5280 
67 04 
OB 32 
66 13 
795 6 
A 8 64 
0319 
CO 62 
000 3 
OCOO 

0.ie86E 04 
0.1490E O-̂i 

13.5533 
12. 4659 

0.1207E 04 
0.997'•.E 03 
0.B381E 03 
0.6150E 03 

11. 5749 
10.6295 
10. 194 5 
9. 1671 

0.4/l'»p 03 
0.372 51: 0 3 
0.3017E 03 
0.2095F 03 

8.362'V 
7.7144 
7.1757 
6.3281 

0.1 539e- 03 
0.1 179E 0 3 
C.9313E 02 
0.4463F 02 

5.6802 
5. 1653 
4.742 3 
3.5891 

• 

- o.2biorz 02 
0.1207E 02 
0.6927E 01 
0.314 2rf O.l 

2.8565 
1.9665 
1.4167 
0.7924 

0.178 5̂ 01 
0.C017E 00 
0.4533E 00 
0.2025E 00 

0.4539 
0. 1440 
0.C390 
0.0026 

- 0.1142!; 00 
0.5089E-01 
0.2866E-01 

0.0005 
-0. 0000 
0.0000 

« TIME  n  0.63''ib-0 1 * 

NO. OF ITERATIONS REQUIRED FOR FINAL SOLUTION H 

MAXIMUM ABSOLUTE ERROR IN HEAD H  0.172 

* FINAL RESU-TS OF ANALYSIS * 
• • 

HEAD .vs.  RADIUS AND 1/U .VS. W(U» 

NODE R-COORD 

1 
2 
3 
4 
5 
6 
7 

-  -8 

9 
10 
II 

-12 
13 
14 
15 
16 
17 
18 
19 

-20-
21 
22 
2 3 
24 
25 

1.00 
1.13 
I .25 
1 . 58-
1 . 50 
1.75 
2 .00 
2 .7 5 
2.50 
3.00 
3. 
4 .oa 
4.50 
6.50 
8.50 

-  12,50 
16. 5U 
2 4. 50 
32 . SO 
«»B.̂ O-
6'«« 50 
•»6. J 
1̂ 8.50 

- - 192.50 
256.50 

HEAD i/a 

-171. 8602 
-158. 3152 
-147. 20 58 
--137. 9157--
-12 3. 9 .63 
-117. I'-;09 
-107. 14 64 
-  - 0504  -
-92I 3238 
1. 7361 

- 7 3. 6 PO 
—-6 7. 201 1  -
-61. 6996 
-47. 4277 
-3B. 193 9 
-26. 
- IP. 8114 
-11. 5;;21 
-6. 9600 

- - - 2. 4c,r;2 - - -
"0. 7<.2 I 
-- 0. 06 f 2 
-0. 0126 
0. oro6  -
-0. 0000 

0. 2263E 04 
0. 178PE 04 
0. 144.-HV 04 
0. 1 I97n 04  -
0. ICO 6 E 04 
0. 7 38 03 
0. 5 657F 03 

- 0. 4 470G 03 
0. 3621E 03 
0. 2 514F 0 3 
0. lo4 7,̂ 03 
I 414F 0 3-

0. I 1 13E 03 
0. 5 35 6«̂ 02 
0. U3 2E 02 
0. 1 44" E 02 
0. HMPF 01 
0. 3 77 IE 01 
0. 2 142t-01 

-  0. 9.4 2 DE CO  -
0. ,5 4 Vi E no 
0. 0 0 
0. 1 J7')r 00 

-- 0. 6 I07F -0 1 
0. .344:)E -01 

H(U» 

13.7789 
12. 6929 
11.60 2? 
11.C57 4 
10.4224 

3950 
8.5904 

- 7.9413 
7.402 0 
6.5532 
5. s-01 3 

-5. 3fi78 
4.4625 
3. 80 2 5 
3.06 2 2 
2. I'-̂Tl 
1. 
0. 92 :'6 
0. 5 

- 0.1972 
0.0611 
0,00 5 4 
0.CO» 0 
-0.0000 
0.cooo 
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3.4 STC0N5 - PROGRAM FOR SOLVING STEADY, TWO-DIMENSIONAL 

FLOW USING TRIANGULAR ELEMENTS 

The program STC0N3 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 

penetrating 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, two-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'reformatte d playback of the input data; 

(ii) th e generated discretisation data, namely node 

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 a.s p  - r/2m an d f  = z/m 

and values of the dimensionless drawdovm s/ŝ ; 

(iv) th e second table of results,which lists the element 

numbers, radial and vertical components of element 

velocities and values of the flow type index, IDARCY; 

(v) th e 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 welli 
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(vi ) the f inal table of resultswhich l i s t s the 
non-linear factor À = hQ,K/zn:mr^ , the 
node numbers, radial co-ordinates, values of 
"WĈ O = ZJlKm/Oi and values of j /u s. r/r^ . 

When using STC0N3, the user should at f i r s t 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. 
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FIGURE 12: INPUT DATA FOM FOR STC0N3 

COMPUTER DATA SHEET 
PROGRAM STC0N3 By 

COMPUTER DATA SHEET 
Steady, two-dimensional, 
confined flow 

Date 

Specification Card 

NPROB IVEL  IDISCR ORELA X  
] (3110 , FIO.2) 

Problem Data Cards 

RW R O H O T H HTO L  
C5F10.2) 

IGP lAQT A  
(2110) 

AK BK VCR 
(3F10.3) 

AGP 

PA 

BGP VGP THGP BTG P  

I 

(Omit this card if IGP = 0) 

THA 

(Omit this card if lAQTA = 0) 

HW 

] (FIO.4, FIO.2) 

(FIO.2) 

(5F10.3) 

FRLEN SCFAC XLMA X IRE G  NMIN 
(3F10.2, 2110) 

IPENTR NDS C NSCRE N  
(3110) 

XSCR HSCR 

(2F1G.2) 

(No. of cards = NSCREN) 
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FIGURE 13: COMPLETE D FORM FOR SAMPLE PROBLEM 

COMPUTER DATA SHEET 
PROGRAM STC0N3 By P . Huyakorn 

Steady, two-dimensional, 
confined flow Date 14/12/7 3  

Specification Card 

NPROB IVEL IDISCR ORELAX 

1 1 1  1 1  1.50 1  (3110 

Problem Data Cards 

RW RO HO TH HTOL 

1 1.0 0 1  100.00 0.00 20.00 0.20 

IGP lAQTA 
(2110) 1 0  0 1  (2110) 

AK BK VCR 
(3F10. .3) ! 10.000 20.000 1  0.060 1  (3F10. .3) 

AGP BGP VGP THGP BTGP 

1 1  1  

(Omit this card if IGP = 0) 

PA THA 
(F10.4 , F10.2) I 1  1 (F10.4 , F10.2) 

(Omit this card if lAQTA = 0) 

HW 
(F10.2) 5̂0.00 (F10.2) 

FRLEN SCFAC XLMAX I REG NMIN 
— — ' 1 

I O.5 0 1  1.50 1  50.00 1  4 1  2 i  

IPENTR NDSC NSCREN 
(3110) 

0 1  5 1 1  (3110) 

XSCR HSCR 

10.00 5.00 

2) (2F1G. 2) 

(5F10.2) 

(5F10.3] 

(3F10.2, 2110) 

(No. of cards = NSCREN) 
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4t sN « * * * * * * «  -iC * ̂ *  5'r * >:Ì ̂ '¡t-̂c ̂ ̂c ̂ A >¡1 

 ̂ p̂ f̂-j  .̂̂Jy - SOLUTI ON 0F 

x"-  STEADY STATc,TWO-DlK'l'NS!ONAL COliFifiLD FLPk' 

PRlIBLTM NU'-̂î r̂p,  a 
Jic ̂ >;£ ̂  « -- -  - - - -   ̂̂  4-" ̂ - .i. ¿c A  - -  i -

GE;n!ERAL input data 

OVER-ReLAXATION FACTCR  H  1.50 

GRAVEL PACK INDEX  U  0 

AQUITARD INDC-X  #  0 

AQUIFER AND V'/ELL CHARACTERISTICS 

PERM. CONSTANT A #  10.COO 

PERM. CONSTANT B  Ĥ  20.000 

RADIUS UF WELL  #  1.000 

RADIUS OF INFLUbTJCE fi  100.000 

HEIGHT OF WATER TA>3LE 0.0 

THICKNESS OF A-.̂ UIFi£R  #  20.000 

TOLERANCE FOR -SUCC5SSIVE HEAD VALUES #  0.200 

SCREEN NO. BASS HEIGHT LENGTH 

10.00 5.00 

TOTAL NUMBER OF NODES ON WELL SCREEN̂ S)  H 

DISCRETIZATION DATA 

NUMBER OF NODES AT WELL BOUMDARY  # 

-T-QT-Al— # 12-

17 

ELEM NO NODEl 

--f̂ oef-Cfi ̂;N•ffeT-ít?̂í S" 

N0DE2 NODE 3 RtPr̂ TITIiiN ilMMĉR 

1 
2 

s-

5 
6 

3 
9 
10 
-i±-

12 
13 
14 

16 
17 
18 

1 
2 

— 3-

5 
6 

-7-
8 
9 
10 
-1-1-
12 
13 

-15-
1Ó 
2 
3 

18 
19 
-2tr 
21 
22 
23 

23 
26 
27 

30 
31 

33 
1.3 
19 

2 
3 

—  ̂

5 
6 
7 
--B-
à 
10 
11 
-1-2--
13 
14 
15 
-1-6-

17 
19 
20 
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53 
54 
55 

57 
50 
59 
-6-Ö-

65 
66 
67 
—6-8 
69 
70 
71 
—7-¿  
73 
74 
7 5 
—7̂6— 
77 
. 78 
79 
—BO— 
81 
H?. 
83 
—84— 
65 
86 
S7 
-8-8— 
39 
90 
91 
—92 — 
93 
94 
95 

—9̂---
97 
9-Î 
99 

101 
102 
103 
104 
105 
106 

— 

5 
6 
7 

-li— 

9 
10 
11 

13 
14 
15 

17 
18 
19 
-2-0— 
21 
22 
23 
-24— 
25 
26 
27 
28 
29 
30 
31 
32 -3-3 — 
19 
20 
21 
-22-

23 
24 
25 
-2 6— 
27 
2 S 
29 
-50-
31 
32 
33 
-34--
35 
36 
37 

39 
40 
41 
-42— 
4 3 
44 
45 

47 
48 
49 

36 
37 
38 

40 
41 
42 
-43-
44 
45 
46 

48 
49 
50 
—51-
52 
54 
56 

60 
62 
64 
66 
53 
55 

-20— 
21 
22 
23 
—24— 
25 
26 
27 
-2«— 
29 
30 
31 

—39.— 
33 
35 
36 

—37— 
33 
39 
40 
—41— 
42 
43 
44 
45 
46 
47 
4B 
49 

—50 — 
35 
36 
37 

— 3ü— 

39 
40 
41 

— f̂2 — 
43 
44 
45 

—4ó— 
47 
48 
49 

--5tr-
52 
53 
54 

-55— 
56 
57 
58 

—59-
60 
61 
62 

64 
65 
66 

-—fvT— 
52 
53 
54 

—55— 
56 
57 
5 8 

—5̂ -
60 
61 
62 

—6-3-
64 
65 
66 

—Ó7-
6̂̂ 
70 
71 
f-;?— 
73 
74 
75 
76 
69 
70 

-21-

22 
23 
24 
-25-
26 
27 
28 
-29-
30 
31 
32 

34 
19 
20 
-21— 

22 
23 
24 
-25-
26 
27 
23 
29 
30 
31 
32 
33 

36 
37 
33 
-39-
40 
41 
42 
-43-
44 
45 
46 

43 
49 
50 
-5-1-
36 
37 
38 

40 
41 
42 

44 
45 
46 
-4-7-
48 
49 
50 
-51r-
53 
54 
55 
-5-ü-
57 
58 
59 
-60-

61 
62 
63 
-64-
65 
66 
67 
-6fr 
5 3 
55 
57 

2 ? 

2 
-2~ 
2 
2 
2 
-2— 
2 
2 
2 
-2-
2 
3 
3 
-3— 
3 
3 
3 
-3— 
3 
3 
3 
3 
3 

3 

4 
4 
4 
-4— 
4 
4 
4 

4 
4 
4 
-4-
4 
4 
4 

5 
5 
5 
-5— 
5 
5 
5 
-5-
5 
5 
5 
-5-
5 
5 
5_ 

6 
6 
6 
O 
6 
6 
6 
-6— 
6 
6 
6 
-ó-
6 
6 
6 
-ír-
7 
7 
7 

-7-
7 
7 
7 

7 
8 
S 
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107 
108 
-ITT'-}-
1 IO 
111 
112 

1 14 
115 
116 
-LIB-
ILE 
119 
120 
-1:21-
122 
123 
124 
-1-25-
12Ó 
127 
128 
-1-29-
130 
131 
132 

134 
135 
136 
-1-37-
138 
139 
140 
-I.41-
142 
143 
144 
-I-45-
146 
147 
143 
-I-49-
150 
151 
152 
-i-53-
154 
155 
156 
-I-5-7— 
153 
159 
160 

-16-1 
162 
163 
164 
165 
166 
167 

168 
16Ì 
-17 9— 
171 
172 
17 3 

175 
176 
177 
17Ü 
179 
180 
181 

— 

133 
184 
185 

—1-SÓ— 
187 
188 
1 89 

191 
192 
193 

1 95 
196 
197 

199 
200 
201 

-202— 

57 
59 
- OL-
63 
65 
67 
--53-

55 
57 
59 

-61— 
63 
65 
67 

70 
71 
72 

74 
75 
76 

-70-
71 
72 
73 

75 
76 
77 

79 
30 
31 

-e-z-
Ò3 
Ò4 
85 
-7̂ 9-
130 
HI 
02 

— 

I34 
B5 
86 

-ÒL-
08 
89 
90 

—91--
92 
93 
94 

-68-
89 
90 
91 
92 
93 
94 

95 
96" 

-V TR-
io 0 . 
102 
97 

—C«̂»— 

203 
204 
205 
-206  — 
207 
208 
209 
-210 

lui 
103 
"7 
YV-
ICL 
103 
105 

—1 0 6-
107 
LOJJ 
106 

—1-07-
108 
109 
110 

— ILI 
112 
113 
111 

—11-2-
113 
114 
115 
116 
117 
IIB 
1 1.6 
l-i -r-
11? 
1IV 
12 0 

-122 
121 
12 3 
121 
1¿Ó 

71 
72 

-

74 
75 
76 
-70 
71 
72 
73 

75 
76 
77 
-7Í?  
79 
80 
81 
-8-2 
83 
84 
85 

79. 
80 
81 
-82 

83 
84 
85 
-FIL  
8IJ 
89 
90 
-91 
92 
93 
94 
-&? 
88 
89 
90 

92 

94 

97 
98 
99 

-LIIO 
101 
102 
103 
--96 
97 
9V 
99 
100 
101 
102 
103 
105 

-1̂ 6-
107 
10-3 
105 
-LÔJ 
107 
10̂--
1C6 
-1̂0 I 
10-̂. 
10-
110 
-T 11 
112 
113 
110 
-L-L 1 
112 
113 
115 
-1-1:6 
117 
11« 
1 15 
-116 
117 
113 
120 
-121 
122 
123 
1 20 
-1 21 
122 
12'. 
12J> 
-126 
12 5 
126 
126 
-12Y 

72 
73 
-74-
75 
76 
77 
-54-
56 
58 
60 
NB2-
64 
66 
68 
-'ro-
ll 
72 
73 
-74-
75 
76 
77 
-7-9-
60 
81 
82 

84 
85 
B6 

80 
81 
32 

CJ4 
85 
86 

S S -
39 
90 
91 

93 
94 
95 

-ES-
89 
90 
91 

—.>2-
93 
94 
95 

-97-
V8 
99 
100 
101 
102 
103 

104 
97 

lói 
103 
105 
-L-ÚT-
LOS 
109 

-Itjü-
102 
LOG-
ICÒ 
-1-07-
LÜ8 
109 
1 11 
-112-
1 13 
1 14 
ill 

-ti 2 
1 13 
I 14 
1 16 
U T  
IIR 
1 R? 
1 16 
117  — 
1 13 
11? 
L 21 
-I-22  
123 
124 
121 
-123 
126 
127 
1 2? 
-124 

-i-c--
10 
10 
10 
-L-FR-
10 
10 
10 
-I-Ì-
li 
11 
li 
-LLT~ 
11 
11 
11 
-12-
12 
12 
12 

12 
12 
12 
-1-3-
13 
13 
13 
-1-3-
13 
13 

13 
-14-
14 
14 
14 

14 
14 
14 
-1-5-
15 
15 
15 
15 
15 
15 

15 
16 
-1-6-
16 
16 
17 
-1-7-
17 
17 
10 

13 
IP. 
19 

1« 
1? 
20 

20 
20 
21 

21 
21 
22 
-22-
22 
22 
23 

23 
23 
24 

24 
24 
25 

26 
26 
?7 
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NO De DATA 

-NOt>fi  -R̂eeoRo--

9 
-10-

11 
12 
13 
-±4-
15 
16 
17 
-i-S-
19 
20 
21 
-22-

1,00 
-iTOt)-
1.00 
1. 00 
1.00 
-t-rOO-
1.00 
l.OO 
1.00 
-ItOO-
I.CJ 
1.00 
l.OO 

1.00 
1.00 
uoo 

1. 50 
1.50 
1. 50 
-ì-r̂ Ti-
1.50 
1. 50 
1. 50 
-i;-r5C)-
1.50 
1. 50 
1.50 

1. 50 
1.50 
1. 50 

2.25 
2.25 
2.25 
—2-.-2-5-
2.25 
2. 25 
2.25 
-2-25-
2.25 
2.25 
2.2 5 
-2v-25-
2.25 
2.25 
2.25 
-2v2 5-
2.25 
3.33 
3. 3d 
3. 3U 
3.38 
3.33 
3.3b 
3.38 

3.38 
3.33 
3. 33 
-3v3f? -
3. 3S 
3.3C 
3.3f. 

3. 3b 
5.06 
5.06 

5.06 
5. 06 
5.06 

~5-rOt>-

5.06 
5.06 
7.59 

7.59 
7. 5? 
7.59 
-7v5V-
7. 59 
T.59 
7.59 

0.0 
—l-r25-
2.50 
3.75 
5.00 
6-T-25-
7.50 
6.75 
10. CO 

12.50 
13.75 
15. ( 0 

17.50 
10.75 
20. CO 
—0;re— 
1.25 
2.50 
3.75 

- — 

6.25 
7.50 
8.75 

11.25 
12.50 
13.75 
-lirrOO-
16.25 
17.50 
18.75 
-2-fMO-
D.O 
1.25 
2. 50 

5.00 
6.25 
7.50 

10.00 
11.25 
12.50 

15.00 
16.25 
17,50 

20. 00 
0.0 
1.25 
2. 50 
3.75 
5.00 
6.25 
7.50 

5-
10.30 
11.25 
12. 50 
-1-3-.75-
1 5. 00 
16.25 
17.50 
-Ixrr/ir-
20.00 
0.0 
2. 50 

--5-i-Oir 
7.50 
10.00 
12.50 

17. 50 
20.:'0 
0.0 

—2i 50-
5.CO 
7.50 
lO.C 0 
-1-2.50 -
15.CO 
17.50 
20.00 



52 

8-T-
18 
89 
90 

—91-
• 92 
93 
94 

—95-
96 
97 
98 

100 
101 
102 
-tê -
104 
105 
1C6 

lOB 
1C9 
110 
-i-i-1-
112 
113 
114 
115 
116 
117 
118 
119 
-1-Z-Ô-
121 
122 
123 
-1-24-
125 
126 
127 

129 

-i-t— 
11.39 
11.39 
11.39 

11.39 
11.39 
11.39 

17. 09 
17.09 
17.0 9 
-íYTO-̂-
17.09 
17.09 
1-7,0̂ 

17.09 
2 5. 63 
2 5.63 

25.63 
25.63 
38. 44 

38.44 
38.44 
30.44 
51.40 
51.40 
51.40 
51.40 
51.40 

70.84 
• 70. 84 
7 O . Ö 4 

100.00 
100.00 
100.00 
-lOCrT-ü'O-
100.00 

— — 

2.50 
5.00 
7.50 

-t<j-.-o-o— 
12.50 
15.00 
17.50 
-ZthífrO—-
0.0 
2.50 
5.00  , 

— "rv50--
10.00 
12.50 
15.00 
-1-7 v5ö  
2 0.00 
0.0 
5.00 

-i-thrC-tü  
1 5. 00 
20.00 
0.0 

— — 

10.00 
15.00 
20. 00 
0.0 
5.00 
10.00 
15.CO 
20.00 
—tr.'ü  
5,00 
10.00 
15.00 
-2Ü-.0Ö  
0.0 
5.00 
LO, O O 
-1-5-.0Ü  
20. CO 

TCP  BOUNOARY  NGÜHS  AND RADIAL  CüüRDINATF.S. 

-Nfi&t-fj Üfiíí-Ü-R- —  ̂ R-eaaR-p itv̂Ä-T-ti  : 

17 
-34-
51 
•6Ö 
77 

— 

95" 
104 
109 
-11-4-
119 
124 
129 

11. 3c? 
17. G 9 
25.63 

51.40 
70.84 
ICO.CO 

-Pî escRi &î̂ M•}o b̂-s-AH D—/̂ At y 

NODES  PRE3SCRIÍ3EC  VALÛiS 

9 
10 
11 

-1-2-
13 
125 
126 
±?rr 
123 
129 

-50.000 
-50.0CO 
-5 0. üCC 
—50.-̂JeC-
-50.000 
0.0 
0.0 
írrO  
C.O 
0.0 

LENGTH OÍ- GROSS VÍCTOR  U 1626 
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* wATLi ; ; \ i TH" ^i^ii. - 3 0 . 1 « 
:(: X- * jfr * + ii ̂  -i" • -i' ~ ^ -i « * « yf rj: -i; .ii .jc :jt 7: A v̂ ^ 

NO. OF I T E R A T I O N S R E Q U l R b O 4 6 

-NtifX i-r^tJM - i - R R O r — i f j - H t : A 0 ; -

F I N A L S J L U T I L J M 

11 
12 
13 

15 
16 
17 

- l i r 
19 
2 0 
21 

2 3 
24 
2 5 

¿ 7 
28 
29 

31 
3 2 
33 

3 5 
3 6 
37 

- 3 ^ 
39 

41 
4 2 
4 3 
4 4 
45 
4 6 

46 
49 
5C 

5 2 
5 3 
5 4 

5 6 
57 
58 

6 0 
61 
6 2 

—6-3-
6 4 
6 5 
6 6 

—6-7-
6 8 
6 9 
7 0 

~ n -
7 2 
7 3 
7 4 

— 7 5 -
7 6 

R-CnOPvD 

I . 0 0 
t - c o — 
1 . 0 0 
1.00 
I . 0 0 

-1 i O O — 
1.00 
1 . C O 
1.00 

- l - O O -
l . C O 
1.00 1.00 

-b i i^O -1.00 
I . 0 0 
1.00 

- 1 - . 5 0 — 
1 , 5 0 
1 . 5 0 
1 . 5 0 

- i - . ^ o 
1 . 5 0 
1 . 5 0 
1 . 5 0 

- l - i - 5 0 — 
1 . 5 0 
1 . 5 0 
1 . 5 0 

1 . 5 0 
1 . 5 0 
1 . 5 0 

- 1 ^ 0 — 
2 . 2 5 
2 . 2 5 
2 . 2 5 

2 . 2 5 
2 . 2 5 
2 . 2 5 
2 . 2 5 
2 . 2 5 
2 . 2 5 
2 . 2 5 
2 . 2 5 

- 2 r 2 5 — 
2 . 2 5 
2 . 2 5 
2 . 2 5 

- 2 . - 2 5 ^ -
3 . 3 8 
3 . 3 8 
3 . 3 3 

- 3 . - 3 0 — 
3 . 3 8 
3 . 3 8 
3 . 3 3 

3 . 3 8 
3 . 3 8 
3 . 3 3 

3 . 3 3 
3 . 3 8 
3 . 33 

3 . 3 0 
5 . 0 6 
5 . 0 6 

- 5 . - 0 6 — 
5 . 0 6 
5 . 0 6 
5 . 0 6 

- 5 . 0 6 — 
5 . 0 6 

Z - C C O R D 

o . n 
— 1 . - 2 5 -

2 . 50 
3 . 7 5 
5 . r o 

—i.- .-25 
7 . 50 
? . 7 5 

1 O . C O 
I 1 . 25-

i lL 'AD 

1 2 . 5 0 
1 3 . 7 5 
1 5 . 0 C 

-1-6 i ? 5 -
1 7 . 5 0 
1 8 - 7 5 
2 0.00 

—ti- . -O— 
1 . 2 5 
2 . 5 0 
3 . 7 5 

—5-rOO— 
6 . 2 5 
7 . 50 
3 . 7 5 

- I r O v O O -
1 1 . 2 5 
1 2 . 5 0 
1 3 . 7 5 

1 6 . 2 5 
1 7 . 5 0 
1 0 . 7 5 

0 . 0 
1 . 2 5 
2 . 5 0 

— 3 - . t 5 -
5 . 0 0 
6 . 2 5 
7 . 5 0 
8 . 7 5 

10.00 
1 1 . 2 5 
1 2 . 5 0 
1 3 . 7 5 

1 6 . 2 5 
1 7 . 50 
1 3 . 7 5 

0.0 
1 . 2 5 
2 . 5 0 

— 

5 . 0 0 
6 . 2 5 
7 . 5 0 

— 3 - i - 7 5 -
1 0.00 
1 1 . 2 5 
1 2 . 5 0 

1 5 . 0 0 
1 5 . 2 5 
1 7 . 5 0 

- ^ . - 7 5 -
2 0.0 0 0.0 

2 . 5 0 
— 

7 . 5 0 
1 0.00 
1 2 . 5 0 

- 1 5 . 0 0 -
1 7 . 5 0 

- 1 I . 5 6 5 0 
— i2-.~C/r2l— 
_ J 7 ^ y a 0 
- 1 2 . ' 7 3 9 4 
- 1 3 . 4 6 4 5 

I V -
- 1 6 . o l 2 0 
- 2 1 . • ? 3 1 5 
- 5 0 . 0 0 3 0 

- 5 0 . 0 0 0 0 
- 5 0 . 0 0 0 0 
- 5 C . O O O O 

— 22-. 3 4 0 5 -
- l o . 2 3 4 ? 
- 1 6 . 7 7 9 « 
- 1 6 . 3 7 57 

- 1 2 . 0 2 9 4 
- 1 2 . 2 7 37 
- 1 2 . 71 >3? 

—1-3.-4-3 2-V-
- 1 4 . 5 9 0 0 
- 1 6 . 542£s 
-20.^202 

- ^ 3 3 v 3 3 0 0 -
- 3 6 . 3 8 1 1 
- 3 7 . 0 7 49 
- 3 6 . 5 1 0 3 

- 2 1 . 6 5 ^ 9 
- i e . C 8 2 0 
- 1 6 . 7 0 6 4 

- 1 1 . 9 0 0 6 
- 1 1 . 9 7 3 ? 
- 1 2 . 2 0 7 5 

- 1 3 . 2 9 7 3 
- 1 4 . 3 3 7 8 
- 1 6 . 0 4 9 3 
- 1 8 . 9 5 4 4 
- 2 4 . 1 1 6 0 
- 2 6 . 5 7 0 3 
- 2 7 . 3 7 4 1 
- 2 6 . 7 7 3 1 

—-24rr^•46-2-
- 1 9 . 9 0 4 0 
- 1 7 . 5 1 3 1 
- 1 6 . 4 0 37 

— l 6 - . a t o ? -
- l 1 . T 5 7 f • 
- l l . f 2 7 1 
- 1 2 . 0 3 3 6 

- 1 2 . 9 6 4 1 
- 1 3 . 7 6 7 4 
- 1 4 . 9 6 9 6 

—-16-^5-32?-
- 1 3 . 6 7 2 1 
- 1 9 . r 6 6 6 
- 2 0 . 5 1 0 7 

- - 2 0 T - l - 0 t 6 -
- 1 9 . 16O0 
- 1 7 . 5 1 7 8 
- 1 6 . 39 54 

J 
- 1 5 . 4 ^ 1 2 
- 1 1 . 4 2 4 0 
- 1 1 . 6 2 3 9 

— 1 2 . - 2 ^ 1 2 -
- 1 3 . 4 6 7 0 
- 1 4 . 9 9 5 0 
- 1 5 . e 6 ? 4 

- - 1 5 - . 5 4 3 f 
- 1 4 . 6 6 4 0 

R H 3 - C 0 0 R C 

0 . 0 2 5 0 

0 . 0 2 5 0 
0 . 0 2 5 0 
0 . 0 2 5G 
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e. î oî'-'-o i 
0. 1 '̂ nnr-01 
n. l̂ O'iit-Ol 
n. l500'"-0l 
0. 1 :.0 0-~01 • -

0. riOÔ - 01 

r.isoo'~c 1 
-n.-i'-'̂ o: -r 1— 
t'. 1 •:,(>•)• -PI 
0. r>no' -01 
vi. 

0.  -01 
0.22 50̂-01 
0.22 50•-e 1 
-TÌ;  -  — 

0.  -01 
0. 2̂ 5r.--01 

0. 2:̂50̂ -01 
0.22 5'v-,;-01 
0. 22 5Ci--01 
-0;-22-5'n!-=--01— 
0. 2250''-01 
0. ?250'--01 
0. 2250 --01 

0. 13 7 5i'-01 
0. 33 7 5i:;-01. 
0. 3 37 5'~: -0l 

0. 3.J ? 5̂-01 
n. 317 5̂.-01 
0,  ^M-'y'-ci 
-tr.-jM  '̂r̂trt— 
0. 3375r--01 
0. 337 5:f-01 
0. 337 5':-01 1-

0. ri7 5-"-01 
0. 3375---01 
0. ÌJ75L:-01 

0.50ó2'-0 1 
0.5062:i-01 
0. 5062;"-01 

0.5062F-01 
0.5062̂ -01 
0. 5062̂-01 

0. 5062r—01 
0./5̂ 4'--01 
0.7 59 4̂ -01 

0-1-
0.Y594',=-01 
0. 7 594 :-01 
0.7 5 94'-01 
0.7594=̂-01 
0. 75'̂ 4f?-01 
0.7 594-.-01 
0. U3ŝr  00 
0.113T~: 00 

00 — 
CO 
00 
00 

0. 1130' 
0.113'?'= 
0.1130> 

0. 1139" 00 
0.1i39j  CO 
0.1/O'"?'- CO 
-c-.-t-T'-ì'ir-trs-
0. i7''>?r- 00 
0. 1,c o 
0.  00 
-ù.-1-fôf:—eo-
0. iy0?!r 00 
0.17nô  co 
0,170?E  00 

C( 
00 
on 
-Ù0--
uo 
00 
co 

0.2563Ì 
0.2563r 
0.2561-

0. 3'-.44-
0. 3:i445 
0. 

0. 3r;44r" 
0.514 or. 
C.514 0" 
-  14 
ò.S140È 
0. i;l40'£ 
0.7 0̂ 4': 

0. 70 8 4'= 00 
0. iU04lf .00 
0. 70 34'= 00 
-0.-1 (-00'=--01-
0.10noi: 01 
n. 1000': 01 
O.lOOfìF 01 
-0. inoo e -0-1-

00 
00. 
00 
xr(y 
co 
00 
00 
f̂fl-



FIGURE 14: MESH GENERATED FOR SAMPLE PROBLEM 
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3.5 TRC0N5 - PROGRAM FOR SOLVING TRANSIENT, TWO-DIMENSIONAL FLOW 

USING TRIANGULAR ELEMENTS 

The program TRC0N3 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. 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 ID I SCR = 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: 

(i) 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 Cmeasured from 

the initial position of the water table);, nodal 

values of i/M, = 4i<t/r^Ss and nodal values of 

W(u) = 4riKm.s/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 TRCONl, 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 , WC-w) .Vs. lAi, may 

be obtained by plotting the nodal values at various times for selected 

nodal points in the mesh. 
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FIGURE 15: INPU T DATA FORM FOR TRC0N3 

COMPUTER DATA SHEET 
PROGRAM TRC0N3 By 

COMPUTER DATA SHEET 
Transient, two-dimensional, 
confined or unconfined flow Date 

Specification Card 

NPROB IVE L  IDISCR ORELAX 
- (3110, FIO.2) 

Problem Data Cards 

RW R O  HO HTOL NLAY R  
(4F10.2, 110) 1 1 (4F10.2, 110) 

QFIX RCSN G  QRTOL 

! 1  1  (3F10.2) 

IGP IBOUN D  IWBC IKMAX IWA T  
1 1 1  (5110) 

THL AK L  BKL VCRL SS L  

(5110) 

SY 

NTICR 

FRLEN 

(No. of cards = NLAYR) 

RHP .  V̂̂ P TiiGE .  BTGP 

(Omit this card if IGP = 0) 

DINDEX 
(2E10.2) 

ITST TFACTR TMUL DTMUL 

SCFAC XLMAX 
(3F10.2) 

(5E10.2) 

(5F10.3) 

(2110, 3F10.2) 

NDSC 

IREGL 

NSCREN 

NMINL 

(2110) 

NFRL 

(3110) 

XSCR HSCR 

(2F10.2) 
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FIGURE 16: COMPLETE D FORM FOR SAMPLE PROBLEM 

COMPUTER DATA SHEET 
PROGRAM TRC0N3 

Transient, two-dimensional, 
confined or unconfined flow 

By P. Huyakorn 

Date 14/12/7 3  

Specification Card 

NPROB IVEL  IDISCR ORELAX 

1 0  1 1.30 (3110, F10.2) 

Problem Data Cards 

RW 

1.00 

QFIX 

100.00 

RO 

1000.00 

RCSNG 

1.00 

HO 

0.00 

QRTOL 

0.01 

HTOL 

0.50 

NLAYR 

(3F10.2) 

(4F10.2, 110) 

IGP 

THL 

ML. 

SY 

NTICR 
ur 

FRLEN 
0.50 

IBOUND 

AKL 

IWBC 
0 

BKL 

IKMAX 

VCRL 

(No. of cards = NLAYR) 

RGP _  VG P THG P  

(Omit this card if IGP = 0) 

DINDEX 
(2E10.2) 

ITST 

SCFAC 
1.50 

TFACTR 
50.00 

TMUL 
2.00 

XLMAX 

IWAT 
0 

SSL 

0.20E02 0.10E02 0.20E02 0.60E-01 O.lOE-04 

BTGP 

DTMUL 

100.00 

0.00 

(3F10.2) 

(5110) 

(5E10.2) 

(5F10.3) 

(2110, 3F10.2) 

NDSC 

IREGL 

XSCR 

NSCREN 

NMINL 

HSCR 

(2110) 

NFRL 

10.00 10.00 

(3110) 

(2F10.2) 
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:(c  3(i J{:  sir ¡t *>!c  -X »ii ̂ =!<«  + * A 

t  FINITE fLGMEiJT ANALYSIS DF WHLL PROBLEMS  * 

« TRANSIENT,TWO RGGlMf. FLOW TOWARD A SINGLE WELl  * 

« * « Jf: * « * « • 4 * * «  >;< * 5): Jf:  * V * .-i ̂ J!C * 

:ic 5}-̂ jJ  jj:  :<< ̂'t  i; 3>; 31; J): i ft 
* PP HBL'-M NUMBiiR  U  I * 

si;  :{«  >!--v«« ¡̂c J.:?;; «rit 

GENERAL DATA 

RADIUS OF WELL  # 

-R-A-Oi-U s-eîiMFt+jeHe-5-

1.00 
-it i-oof>i-aü-

HEIGHT OF WATER TABLE  4  0.0 

-RADIUS-Or̂titL-eASi-ft̂ H   i-vGQ-

OISCHARĜ INTO WELL 100.00 

OISCHARCr- TOLERANCE RATIO  #  0.0100 

OVîR RELAXATION FACTOR  U  1.3000 

HEAD TOLCRANCE if 0.5000 

"GRA¥E D  frX 

BOUNDARY INDEX  It 

-WE-L-t-B-i-e-i-Hi-NM-X  ft- -o— 

LAYER OF MAX PERMtABILITY  ih 

-FGFrM-AT-i Qfi-P̂O-P Bm-tS 

LAYER NO.  THICKNESS COEFF-A COrF-B GRIT. VELOCITY SPECIFIC STORAGE 

SCREEN NO. 

1 

20.00  C.lOE 02  0.20E 02 

BASE HEIGHT LENGTH 

10.00 10.00 

0.60E-01 0.10E-C4 

DISCRETISATION  DATA 

-NUH-B-£R-OF-l:-AY€ kS  1" 

NUMBER OF REGIONS  H  22 

WS-  ĴOert'-CTONN ECT IONS" 

ELEM NO 

R 
9 
10 
-11-

12 
13 
lA 
15 
16 
17 
18 

20 

NODEl 

— 

9 
7 
8 

10 
11 
12 
-i-3-
14 

N0DE2 

6 
7 

--8-

9 
6 
7 

9 
11 
12 
13-
14 
11 
12 
-13 
14 
16 
17 
-1Ö-
19 

N0DE3 

2 
3 
-4-
5 
7 
3 

10 
7 

10 
12 
13 
14-
15 
12 
13 
14-
15 

REPETITION NUMBER 

1 
1 
1— 
1 
2 
2 
2 — 
2 
3 
3 
3 
3 
4 
4 

. 4 
5 
5 
5-
5 
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21 
22 
2A 
25 
26 
-27-
•2 3 
29 
30 
-3-1-
32 
33 

36 
37 
33 
40 
41 
42 
43 
44 
45 
46 
47 
—4-&-
49 
50 
51 
—52-
53 
54 
55 
-56-
57 
53 
59 

-60-
61 
62 
63 
65 
66 
67 

—6-8-
69 
70 
71 
-7-2-
73 
74 
75 
77 
78 
79 
—bO-
81 
82 
83 
—e4-
85 
86 
87 
—e-a-
89 
so 
91 
93 
94 
95 
-96-
97 
98 
99 
-loe-
101 
102 

12 
13 

— 

15 
16 
18 
-17-
19 
17 
19 

-21— 

22 
22 
23 
-24-
25 
25 
26 
-2-7-
28 
28 
29 
30 
31 
31 
32 
33 
-34-
34 
35 
36 
-3-7-
37 
33 
39 
—40-
40 
41 
42 
-4̂3-
43 
44 
45 
-46-
46 
47 
48 
—49-
4 9 
50 
51 
52 
53 
54 
-55-
55 
56 
57 
—5-8-
58 
59 
60 

-bl-
61 
62 
63 
—64-
64 
65 
66 
-67-
67 
68 
69 

— 

70 
71 
72 
—7-3-
73 
74 

16 
17 
-18-
19 
21 
??. 
-21-
22 
22 
23 
-24-
25 
24 
25 
28 
27 
28 
31 
30 
31 
33 
34 
33 
34 
36 
-37-
36 
37 
39 
-40-
39 
40 
42 
42 
43 
45 
-̂tr-
45 
46 
43 
48 
49 
51 
-52-
51 
52 
54 
-55-
54 
55 
57 
-5-8-
57 
58 
60 
-61-
60 
61 
63 
-64-
63 
64 
66 
-67-
66 
67 
69 
-70-
69 
70 
72 
72 
73 
75 
-76-
75 
76 

17 
18 
-19-
20 
17 
19 
-22-
23 
18 
20 
-22-
23 
25 
26 
-29-
26 
28 
29 
-28-
29 
31 
32 
31 
32 
34 
35 
34 
-35— 
37 
38 
37 
-38— 
40 
41 
40 
43 
44 
43 
-44-
46 
47 
46 
49 
50 
49 
-50-
52 
53 
52 
-53— 
55 
56 
55 
-56— 
58 
59 
53 
-59— 
61 
62 
61 
-62-
64 
65 
64 
-65— 
67 
68 
67 
70 
71 
70 
-7t-
73 
74 
73 
-74— 
76 
77 

6 
6 
6-
6 
7 
7 
8 
8 
9, 
9 

—10-
10 
11 
11 

-12-

12 
13 
13 
-14̂-
14 
15 
15 
16 
16 
17 
17 
18 
-18-
19 
19 
20 

-20-

21 
21 
22 
-22-
23 
23 
24 
-24-
25 
25 
26 

27 
27 
28 

- 2 8-

29 
29 
30 
-30-
31 
31 
32 
-32-
33 
33 
34 
-34-
35 
35 
36 
-36-
37 
37 
38 
-38-
39 
39 
40 
-40-
41 
41 
42 
43 
43 
44 
-44-
45 
45 

NODAL COOROINATES 
-f̂lOOE -z~-eüQ-fTO-

1 
_2— 
3 
4 
5 
—6— 
7 
8 Q 
-16 -
11 
12 
13 
-14-
15 
16 
17 
-18-
19 
20 

1,00 
-1.00 -
1.00 1.00 
1. 00 
-Ii 50— 
1.50 
1.50 
1.50 
-1.5')— 
2. 2 5 
2.25 
2.25 
-2.2 5— 
2.25 
3.3ii 
3.3i 
3.34— 
3.38 
3.3ti 

0.0 
—5.1-0-
10.00 
15.00 
20.00 
—-f>̂0— 
5.00 
1 C. 00 
15.(0 
-20.(̂0-
0.0 5.00 
IC. 00 
- l-5ii 0 -
20.00 
0.0 
5.00 
-10.00-
15.00 
20.00 
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21 5.06 0.0 
-22 5.06 1-0.00-
23 5.06 20.00 
24 7.59 0.0 
25 7.59 10.00 
-26—  7̂-5 2i}i-00 -
27  11.39 0.0 
28  11.39 10.00 
29  11.39 20.00 
_3 o—  11.09- O ítO— 
3 1  17.09 10.00 
32  17.0; 20,00 
33  25.63 0.0 
¿i  2 5 .-6 3 i-0. ii(y-

.3 5  2 5.63  2 0.00 
36  38.44 0.0 
37  38.44 10.CO 
-3 e  3 r.-.-44  -2 e-.-oo-
39  57.67 0.0 
4 0  57.6 7  10.00 
41  57.67  2 0.00 

G,-0— 
43  86.50 10.00 
44  86.50 20.00 
45  129.75 0.0 

1-29W5  
47 •.  129.75  20.00 
48  194-62 0.0 
49  194.62 10.00 
-50 —̂ 
51  291.93 0.0 
52  291.93 10.00 
53  291.93 20.00 
54  391.93 0.0 
55  391.93 10.00 
56  391.93 20.rO 
57  . 491.93 0.0 
5 8  4 91.93 10.00 
-59 4<M .-93  2 Oí 00 
60  591.93 0.0 
61  591.93 10.00 
62  591.93 20.00 
-63-  691-.- 9 3 
64  691.9-3  10.00 
65  691.93 20.00 
66  791.93 0.0 
-67  -791-. <>-3  10 ríjO 
68  791.93 20.00 
69  835.73 0.0 
70  835.73 10.CO 
-?i  835.-7-3  20 .00 
72  901.44 0.0 
73  901.44 10.00 
74  901.44 20.00 
-7 5 Id O e-i-t30 Oiít) 
76  1000.00 10.00 
77 ICOO.OQ 20.00 

TOP BÜUNOAPY NDDFS AND RADIAL COORDINATES 

NODE NUMBER R-GQORDIMATE 

 ̂ — l.í Ô-

10 1-50 
15 2.25 
20 3. 33 

2-3 5-.-C-Ó 
2 6 7. 59 

29 11.39 
32 17.09 
41 — - 2 5.6 3 
33 • 33.44 
41 57.67 
2¿ 86.50 

12 9. 7 5 
5C 194.62 
53 291.93 
56 39Í.03 
_c| — —  9̂1. 3̂ 
62  ̂ 591.93 
65 691.93 
68 791.93 

Ía 901.44 
77 1000.CO 

LENGTH OF  GROSS  VECTOR  d  338 
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*  TIME STEP TiUMBER  /í 10  * 
* • « í 4 «=> 55« * * * •S'it V ̂í".-* V >> * A y,; A  ̂« ̂ 

Tfr « A 5f >t «  ̂A « ̂ ̂ >;: jfe ají i.«  ̂A A  ̂  ̂
* TIME «  0.̂8 It 01 i: 

-írS:Tí-HATe£)-P AO I US-Qf—lí-J FLUĈOE-

CORRESPONDING NÔ OF NODES Ü 

-ta R-RcS POH O ! M6-r4B-í-6 F-et-íí-̂ É N T S" 

-1-000-f-0-

77 

-a—102-

CORRSSPOMDI.N'G COMPONGNT OF VFCTOR NOVEC  H 23 

DISCHARGE ITERATION NUMBER  # 

-9R-MJ DÔ'N-i NC-R-B-Í E NT  H  -l-v7-96-

DRAWDOWN VALUE U -80.770 

NUMBER OF ITERATIONS REQUIRED  il 

TOLERANCE COUNTER FOR HEAD  if 0 

HEAP' -0̂-0009-

-04-SC-H A-RGE-Ffi 

DISCHARGE FROM WELL STORAGE U  0.0 

C-ALHHJ t A T̂D-Bi-SmAîGE   ̂ -tOO vO  ̂

RESIDUAL DISCHARGE 0.0951 

JÍ: 5!: :{c  ̂̂ ÍC J5C 5!C «>!r«« ̂  * :}c « i >!t * 

* FINAL RESULTS OF ANALYSIS * 

« • :{: Xt * *:{:« * * « ÍC « ̂ K «  * * «>!'« • * ̂ « • * * * 

NODE 

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

R-COORC HEAD 1/U W{U) 

2 
3 
4 

- 5— 
6 
7 
8 

—9— 
10 
11 
12 

14 
15 
16 
-17 -
18 
19 
21̂ 
-9.1-

2Z 

23 
24 
-25 -
26 
27 
28 
-29 -
30 

—1-.Ü0-
1.00 
1 .00 
1 .00 
-i-.OO-
1 .50 
1. 50 
1 .50 

1. 50 
2.25 
2.25 
-2.25-
2.25 
2 .25 
3.38 
-3v3d-
3. 
3.38 
3.38 
- 5 .Oir-
5.06 
5.06 
7.59 

7.59 
11 .39 
11 .39 
11.39 
17.09 

—32̂4-56-1— 
-3 5. Sfjo/t 
-eO.7703 
-80.7703 
—B0.7703— 
-32.4208 
-3 5. 8 53 2 
-64.5709 
66v23 3 9-
-67.2370 
-32.2639 

— 52-. fiI73-
-54.9210 
-5 6.  2 
-31.3716 
—34v̂30i9— 

-45.7593 

—'30. 96Q1 
-36.̂65 4 
-40. 1«56 

—32v  -
- 'Vt. 4041 
-27. 3,-!60 
-2r.637 3 
29r5lS5--
-24.5712 

-0;1716E C6-
0.1716E 06 
0.1716E 06 
0.1716'i 0 6 
C.1716E 06-
0.7 62'?E 05 
0.7 629E 0 5 
0.762-TE 05 
0.7 629E-0 5-
0.762'"-'c 05 
0.3391E 05 
0.3391E 05 
0. 3 39 IE-05 -
0.3391E 05 
0.3391" 05 
0.1507E 05 
-0.1507E-05-
0.1507!: 0 5 
0.1 507c- 05 
0.1507E 05 

OA 
0.66v:iE 04 
0.669P.̂. 04 
0.2 977E O't 
0.2 977¿ 
0.2 977F 04 
0.13? 3':- 04 
0.132 VE 0 4 
O. I 3;?3E 04 
0.5by0E 03 

8.079 3 
18.1321 
18. 13?1 
-18. 1321 
7.2781 
8.0̂98 
14.4955 
-1A.868 3 
15.0940 
7.24̂ 0̂ 
7.967 3 
11.«569 
12.3292 
12.7261 
7. 1548 

-—7.8127 
9.9222 
10.2726 
10. 830<3 
-6.9523 
3.2983 
9.0235 
6.6118 

—7. 309 3 
7.7234 
6. 1344 
6.4283 

—6.6266 
5. 5160 
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31 
32 
-33-
34 
35 
36 
-37-
38 
39-
40 
-41-
42 
43 
44 

4f> 
47 
48 
49 
50 
51 
52 
53 
-54-
55 
56 
57 

59 
60 
61 
-62-
63 
64 
65 
-66-
67 
68 
69 
-l'O-
li 
7 2 
73 
-74-
75 
76 
77 

17.09 
17.09 

—25io3 
25.63 
25.hi 
38.44 

-33.4 4-
33,44 
57.67 
51.GÌ 

86.50 
H6.5 0 
U6.50 

-Ì-29.-7 5-
129.7 5 
129.75 
194.62 
194.62 
194.62 
291.93 
291.93 
291.93 

391 .93 
391.93 
491.93 

4 1̂.93 
591.93 
591.93 

691.93 
691.93 
691 .93 

791.93 
791.93 
835.73 

—B-35.-V3-
635.73 
901.44 
901.44 

—9i)lnr4  ̂
1000.00 
IOC 0.00 
1000.00 

-25.0078 
-25.3400 
— 2 1. 3417 
-?1. 
-21 .5243 
-IT.G'j l̂ 
—17.Ì97 6 
-17.90 3̂ 
-14. 
- 14. 
—14v-3t3--:;7-
-10.9523 
-10.9519 
-10.9515 
--"5'. 66a6-
-7. Ó6fj3 
-7.6579 
-4.7008 
-4.7006 
-4.7r04 
-2,3176 
-2.3179 
-2.3182 

-1.1026 
-1. 102S 
-0.5099 

—0.-51-00-
-0.5101 
-0.229 3 
-0.2293 
Ôi-22'>4-

-0.1004 
-0. 1C04 
-0.1005 
<7V04-24-
-0.0425 
-0.0425 
-0.0283 
'0x028 3-

03-

-0.02S3 
-0.0138 
-0.0130 
0.-01-3̂ 
0.0 
0.0 
0.0 

0.5880P 03 
0.5b80c 0 3 
0.2ól.if: 
0.761T-. 0 3 
0.2613." 03 
0.1161E 03 

— O.-l 16 1 
0.1I61G 03 
0.5l62e 02 
0.5162L 02 
0̂ 5 1625-02-
0.2 29̂5 0 2 
0.2294E 02 
0.22O4E 02 

—thi-l 020 2̂-
0.l020e 02 
0.1020t 02 
0.45325 01 
0.4 53 2c 01 
0.45325 01 
0.20145 01 
0.201 5̂ 01 
0,2014F 01 

—Xy.i 11 75-01" 
C.1117C 01 
0.1 1176 01 
0.7093E 00 
0.7 0935-00-
0.7093E 00 
0.4899E 00 
0.43995 00 
0.4 b̂ Ĵ̂-OO-
0.3585n 00 
0.3535E 00 
0.3 58 5E 00 
0.-27375-00 
0.27375 00 
0.27375 00 
0.24535 00 
0̂ 2̂ 45 85-00-
0.245i)e 00 
0.21125 00 
0.2112E 00 

—0v21l2E-OO-
0.17165 00 
0.17165 00 
0.1716E 00 

3 -

5.6140 
5.6836 
-4.7910 
4 . t' 1 2 R 
4.8320 
4.0150 
4.0178 
4.0206 
3. 2301 
3.2302 
-3.2303 
2.4587 
2.4536 
2,4535 
-1.-7215 
1.7214 
1.7214 
1.0553 
1.0552 
1.0552 
0.5203 
0.5203 
0. 5204 
-0.247 5 
0.2475 
0.2476 
0.1145 
O. 1145 
0.1145 
0.0515 
0.0515 
-0. 0515 
0.0225 
0.0225 
0.0226 
-0.009 5 
0.0095 
0.0095 
0.006 3 
-0v0063 
0.0063 
0.C031 
0.0031 
-0.00 3T-
0.0 
0.0 
0.0 

T-I+! E  4  0-. -6 4 15 - 01 
:5t  * 5{t-4t * ̂   ̂* « ij: ̂  A «   ̂« ? ̂ i * « 

DISCHARGE ITERATION NUMBER  # 1 

DRAWDOWN IN'OREM-̂ NT  #  -1,793 

DRAWDOWN VALUE  fi  -82.563 • 

NUMBER OF ITERATIONS REQUIRED  # 2 

TOLERANCE COU'nJTER FÔ? HEAD  S  0 

ABSOLUTE MAXIMUM ERROR IM HEAD  #  0.0349 

DISCHARGE FROM AÔJIFER ÎJTO WELL  »  100.5935 

DISCHARG'i FROM WELL STORAGE # 0.0 

TOTAL CALCULATED DISCHARGE  n  100.59 3 

RES-iOUAL-OISCHARGt  ̂ 0.-5935 

DISCHARGE ITERATION NUMBER  « 2 

DP ŷihl l̂ INCRtrMFfll -  ->fr  —1.306 

DRAWDOWN VALU5  «i  -82.076 

NUMBER OF IT5RATI0.\'S H 

tolfkance co'mup  fo'̂ hê.d a   o 

-ABSOLUTE- HAXIHUM -ERRfR i -̂HEAD  # -0.0013 -
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- WOTOT^S— — D  H A R 05-F  M -A-QT JI  F R-I NHJ-WCT L 

DISCHA?<GC  FROM  WELL  ST CRAG C 0.0 

— T 9 T ̂ L-C A L C UL A T C 0  -01 S CH A R G £  # LO 0.080 

RESIDUAL  DISCHARGE  ̂ 0.0796 

«̂:4C*  •  ̂ IIF* ««'F'« A - A *>!<« I 

FINAL  RESULTS  OF  ANALYSIS 

* JV JI:  *  JJF IC « «  « 4 « IC « • «){C  «   ̂  ̂JJC3!:   ̂JF:-T« 

HEAD  .VS.  FADINS  AND  I/U  .VS.  W(U) 

NODE R-COGRC HEAD 1/U W(U) 

1 
2 
3 

5 

6 
7 
8 
9 
10 
11 
12 
-13-
14 

15 
16 
-1-7-

18 
19 

20 
-21-
22 
23 
24 

1 .CO 
1.00 
1 .00 
-1-Î O-
1 .00 
1 .50 

26 
27 
28 

30 

31 
32 
-33-
34 
35 
36 
37-
38 
39 
40 
-41-
42 
43 
44 
-45-
46 
47 
48 
-49-
50 
51 
52 
-53-
54 
55 
56 
-57-
5 3 
59 
60 
-IRL-
62 
63 
64 
-65-

66 
67 
68 
69 
70 
71 

72 
73 
-74-
75 
76 
77 

50 
50 
50 
50 

2.25 

—2-V2 5-
2.25 
2 .25 
3.33 

-3T-38-
3.36 
3.38 
3.33 

—5-.-06-
5.06 
5.06 
7.5V 

'7.59 
11 .39 
11.39 
-I-L-I-39-
17.09 
17.09 
17.C9 
-25-̂ 63-
25.63 
25.63 
38 . 44 
-3 8̂ 44-
38.44 
57.67 
57.67 
-57.-67-

66.50 
86.50 
86.  50 

-129-.-7 5— 
129.75 
129.7  5 
194.62 

— 

194.62 
291.93 
291.93 

391.93 
391.93 
391.93 

-49IV? 3— 

491.93 
59 1 . 9 3 

591.93 
691.93 
691.93 

791  .93 
7'>1 . 93 
791.93 
835.73 
835,73 
835.73 
901.44 
OOL .44 
901-I44~-
LOOO.OO 
10,J0 .00 
1000.00 

-33.7709 
-37.3038 
-82.0758 
—9-? .-07 5̂ 8— 
-82.0753 
-33.7356 
-37.172  6 
-65.879  8 
-67.5425 
-68.5454 
-33.5838 
-36.  8050 

-56.2313 
-5 7.9998 
-33.IA66 
-=-36. 116 5— 
-45.5117 
-47.0724 
-49.5584 
—3-2.-28 42— 
-38.27 5̂ 
-41.  50̂-:'2 
-30.767  4 
—53I-37 4 3  -
-35.7184 
-28.6405 
-29.  9518 
—3ÍHÍ-8330 -
-25.BE47 
-26.3213 
-26.6536 
— 2 2-.-65 26— 
-22.7498 
-22.8355 
-19.1807 
-19-5-202 3-

-19.2147 
-15.6789 
-15.679  5 
—I-5-.-SSOO-
-12.2099 
-12.  2096 
-12.209  3 
—8IR8564 -
-8.8561 
-B.8558 
-5.7478 

—-5:R74 7 6-
-5.7474 
-3.1142 
-3.  1145 

—3.- M 4  8-
-1.6513 
-1.6515 
-1.6517 

-0.8586 
-0.D587 
-0.435  5 

-0.4357 
-0.2147 
-0.2147 
-—OirZW-
-0. ICO-
-0.1009 
-0.10 10 
-0.O60A 
-0.069  8 
-0.  C'.9;3 
-0.0358 
-0.0  358 
--0.0  15 8 
0.0 
0.0 
0.0 

0.2289E  06 
0.2239G  06 
0.2209G  06 
-0.-̂2 269̂ -0-6— 
0.2289E  06 
0.1017F  06 
0.I017E  06 
0.1017E  06 
0.1017E  06 
0.1017E  06 
0.4521E  05 
0.452LE  05 
-0V4 52IB-0 5— 
0.4521E  05 
0.4521E  05 
0.2009E  05 

0.2 009E  0 5 
0.20005  05 
0.200OE  05 
-0.8 93 06-04— 
0.8 930S  0 4 
0.8930E  04 
0.3969E  04 

0.3969F  04 
0.1764G  04 
0.1764E  04 
-OIL 76 46-04— 
0.7&40E  03 
0.7840E  03 
0.7840T  0 3 
-0̂ -3 484 -̂0 3— 
0,3434?.  03 
0.3484E  03 
0.154QE  03 
-0.-1549 -̂03— 
0.1549F  0 3 
0.6B83E  02 
0.6683E  02 
-0.6FC03R —02-
0.3 05̂ E  02 
0.305VE  02 
0.3U59E  02 
-0IRL-36OE  02— 
0.1360E  0 2 
0.1 36:>E  02 
0.6 042E  01 
-0.6 04?F  01-
0-6 04 2E  01 
0.2636I:-  01 

0,2 686v' 01 
-0-.-2 6*3 6E  01-
0.1490E  01 
0.1490E  01 
0.14Q0E  01 

B.-458G  00 
0.9453:-  00 
0.6532C  00 

-O-.6 53 2E-O0— 
0.6532E  00 
0.4?A0E  00 
0.4YA0E  00 

-0-.4?-3')E-00-

0.364"E  00 
0.3 64 7E  0 0 
0.3 64̂";E  00 
0.3277R  00 
0.3 277E  00 
0.3 27 7E  0 0 

0,2CA6E  00 
0.2'! 16:-  00 

-0.2 81 6E  00-
C.2 28-E  R.O 
0.22O9E  00 
0.2289E  00 

7.5812 
8.3743 
18.4252 

18.4252 
7,5733 
8.3449 
14.7893 
15.  1626 
15.3877 
7.5392 
8.2623 

-1-2.  1513-
12. 6235 
13.0203 
7.4500 

—8T1078- -
10,2169 
10.5673 
11.  1253 
—7.24 7  5 
8.5934 
9.3184 
6.9070 

--7.6044  -
8.0184 
6.4295 
6.7239 

—6-. 92 17  -
5, 810 8 
5.9089 
5.9835 

-5.03  53-
5.  1071 
5,1263 
4.3079 

— 4-, 3107  -
4. 313 5 
3.5198 
3.  5199 

—3 .  5200 
2.7410 
2.7409 
2.7409 

—1.-9882 -
1,9881 
1,9880 
1.2903 

—1.29 0 3-
1.2902 
0.6991 
0.6992 

—0.699 2  -
0.3707 
0.3707 
0.3708 

—O . 19 27 
0,1927 
0.1928 
0.0978 

—0.0^7 8 
0,0973 
0.0482 
0. 04 82 

—C.0482 ~ 
0.0226 
0.0227 
0.0227 
0.0157 
0.0157 
0.0157 
0.0080 
0.00 30 

—0.UOB O 
0.0 
0.0 
0. 0 

TOTAL  N'JRI3RR  OF  PUNCHED  CAÎ OS 14 
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3,6 STCOND - PROGRAM FOR SOLVING STEADY, WO-DIMENSIONAL FLOW 

USING RECTANGULAR AND TRIANGULAR ELE f̂fiNTS 

The program STCOND is used to analyse steady, two-dimensional flow 

in a confined aquifer or in a multi-layer system. Unlike STC0N3, 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 STC0N3 except for the 

length of the well screen, which in 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 STC0N3. 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: INPU T DATA FORM FOR STCOND 

COMPUTER DATA SHEET 
PROGRAM STCOND By 

COMPUTER DATA SHEET 

Steady, two-dimensional flow 
Date 

Specification Card 

NPROB IVEL IDISCR  ORELAX 
(3110, F10.2) 

Problem Data Cards 

RW RO HO HTOL NLAYR 
] C4F10.2 , 110) 

IGP IKMAX lAQTA 
(3110) 

THL AKL BKL VCRL 

" (No . of cards = NLAYR) 

AGP BG P VG P  

(4Fia.3) 

THGP BTGP 

PA 

(Omit this card if IGP = 0) 

THA 
(2F10.3) 

(Omit this card if lAQTA = 0) 

HW 
I (F10.2 )  

FRLEN SCFA C XLMA X  
(3F10.2) 

NDSC NSCRE N  
(2110) 

IREGL NMINL NFR L  

(3110) 

(No. of cards = NLAYR) 

XSCR HSC R  

(2F10.2) 

(No. of cards = NSCREN) 

(5F10.3) 
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FIGURE 18: COMPLETED FORM FOR SAMPLE PROBLEMS 

COMPUTER DATA SHEET 
PROGRAM STCOND By P. ^ a k o r n _ 

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

Specification Card 

NPROB IVEL IDISCR ORELAX 
1 1 1 1.50 (3110, 

Problem Data Cards 

RW RO HO . HTOL NLAYR 
1.Ô0 1 100.00 0.00 0.20 1 

IGP IKMAX lAQTA 
1 n 1 0 (3110) 

THL AKL BKL VCRL 
n.?nE02 0.10E02 0.20E02 O.SOE-01 

(4F10 (4F10 

(No. of cards = ̂  LAYR) 

AGP BGP VGP THGP BTGP 
1 1 1 1 1 

(Omit this card if IGP = = 0) 

PA THA 
(2F10.3) 1 (2F10.3) 

:Omit this card if lAQTA = 0) 

HW 
-50.00 (F10.2) 

FRLEN SCFAC XLMAX 
(3F10 .2) 0.50 1 1 1.50 50.00 (3F10 .2) 

NDSC NSCREN 

3 -1 1 1 C2I10J 

IREGL NMINL NFRL 
4 2 5 

(3110) (3110) 

(No. of cards = NLAYR) 

XSCR HSCR 
10.00 10.00 

(2F10.2) 

(4F10.2, 110) 

(5F10.3) 

(No. of cards = NSCREN) 
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Ijt jjc  4  3!i Jj: «  ̂ Jlf,It J,*  « 5)( ŷ̂ 
 ̂

*  FINITE HLEMENT ANALYSIS OF WFLL PROBLEMS  « 

STEADY, TWO R5GI ME FLOW TOWARO-A-SIMGLf—WEtt-̂ 

***** * * * * * * *_* * * * *  * * « « * « «Ĵ V *«J  ̂* fr * * • * « 

* PR n{u.r:M NUMB̂ R̂  n  i * 

GENERAL INPUT DATA 

RADIUS OF WELL  ti  1.00 

-R:A-D I US- 0 F—INP t̂JENC c  H  l-QO-rOt) 

_üELGliL_Df_WAT.EP.. Ĵ BLiL_#  0.0 

OVER-RELAKATIO'M FACTOR  #  1.500 

PRESCRIBED HEAD TOLERANCE  # 0.200 

GRAVEL PACK INDEX  U 0 

AQUITARD  INDEX  #  0 

X—PE R MtA-H-L-fT̂ 

FORMATION PROPERTIES 

LAYER NO. THICKNESS COEFF.--A COEFF.-B CRIT. VELOCITY 

1 0.20E 02 0. lOE 02 0.20E 02 0.50E-01 

SCREEN NO. BASE HEIGHT LENGTH 

1 10.00 10.00 

DISCRETISATION DATA 

-NUf. B-ER~G F-t-A Y-E  §  —1 

NUMBER OF SUBREGIONS  1  12  __ 

TDENTiFirÄtlÖN O'F ELEMENT-NODE CONNECTIONS' 

ELEM NO 

1 
2_ 
3 
4 

—5~ 
6 
7 

9 
-10-
1 I 
12 

14 
15 
-16 
17 
8 -

19 
20 
-21-
22 
23 
"2 4 -
25 
_-2 6 
27 
28 
-29-
30 
31 

ITYPE 

4 
4 
4 
4 
—if— 

4 
4 
-4-
4 

4 
4 
-3-
3 
3 
3 
3 

4 
4 

4 
4 
-4-

3 

3 
4 
-4-
4 
4 

NREP 

1 

I 
1 
—2" 
2 
2 

3 
_3_ 
3 
3 

—4 -

4 
5 

6 
_-6-

7 
7 

8 
o 

1 0 
11. 
12 
I 3 
AA-
15 
16 

IPROP NCDEI 

1 
? 
3 
4 
-6-
7 
8 
—9-
11 
-12-
13 
14 

18 
17 
T9-
17 
JL9 -
21 
22 

25 
27 

30 
_31-
31 
33 
-35--
37 
39 

N0DE2 

6 
_7_ 
n 9 

- Hr-

12 
13 
"T4-
16 
JLl-
IG 
19 

22 
21 
-ZT 
22 
-23-
24 
25 

28 
30 
-3r 
33 
.33. 
34 
3 5 
-37-
39 
41 

NODE 3 

7 

Q 
16 

13 
14 

17 

19 
20 
-i-7-
IQ 

-23" 
13 

25 
?6 

29 
31 
~32-
31 
„34_ 
32 
36 

¿.0 

2 

4 
5 

8 
f? 
TD" 
12 
-13-
14 
15 

22 

2A 
28 
-29' 

3̂ 
-36-
36 
AO 
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NODAL COORDINATES 
^̂  ̂

—1-
2 
3 

7 
8 
9-
10 

12 
13 

„44-
15 
16 

18 
Al. 
20 
21 

23 
24 
-25-
26 

28 
29 

31 
32 
-33-
34 
35_ 
36 
37 

39 
40 

42 

1.00 
1.00 
1.00" 
1,00 
4̂-50-
1.50 
1.50 
-1.-50-
1.50 
_2 . 2 5. 
2. 25 
2-25 
-2-̂2-5-
2. 25 
3.38 

3.38 

3.38 
5.06 

— 

5. 06 
7. 59 

7.59 
JJ.3.9.. 
11.39 
11.39 

17.09 
17.09 
-25.-63 
25.63 
_3B.A4_ 
38«,44 
51.40 

70.84 
70.84 

100.00 

—Ît-.O— 
5.00 
10.00_ 
"15.00 ' 
20.00 

5.00 
10.00 
-15v00-
20.00 

5.00" 
10.00 

20.00 
0.0 

—5;.C0-
10.00 

20.00 
0.0 

-1-0̂ GO-
20.00 
0.0 

-1-0700-
20.00 

10.00 
20.00 

10.00 
20.00 
—OtO— 
20.00 

20.00 
0.0 

-̂-ôireo-
0.0 
20.00 
—ÛVO— 
20.00 

rWOE-tÎUMBiR-

5 
10 

20 
2 3 
26 
29 
-32-
34 
3 6 
-38-
40 
AZ. 

1.00 
1.50 

3.30 
5.06 
7.59 
11.39 

25.63 
38.44 

70.84 
JJDÎI._C1Û_ 

PRESCRÎBED NODE DATA 

NODE  PRESCR l îîcD-HnAD- VAtUc" 

41 
42 

-50.000 
-50.000 
—50v000-
0.0 
0.0 

LENGTH~OF":GROS"S VECTnR ' n 212 
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NO. OF ireRATIONS RiQUIRSD « 

MAXIMUM ERROR IN HEAD il-

FINAr SOL UTTOY 

0. 194 

iDoe 

2 
3 

5 

7 
8 
—Q-
10 
11 
12 
13 

15 
16 
47-
in 
19 
20 
21 
-2-2-

23 ̂̂ 
25-
2 6 
27„ 
"2B 
2 9 
-30-
31 
32 
-3-3-
34 
35_ 
36 
37 
-3R-
39 

-41-
42 

R-CGORD 

-K-GO-
1.00 
1 .00 
l.-00~ 
1.00 

1.50 
1.50 

1.50 
2.25 
-2.2 5-
2.25 
.2,23. 
2.25 
3.30 
—3,-3g-
3.33 
3.38 
3.33 
5.06 

— 

5.06 
7.59 
- 7.5 9-
7.59 
.ll.39_ 
11.39 
11.39 
-1-7, 
17.09 
17.09 
-25.-6 3-
25.63 
„3.8. 4-4_ 
38.44 
51.40 

70.84 
70.84 
100-.00-
100.00 

Z-CnORD 

—(3-.-G 
5.00 
10.00 
-1 57 00 
2 0.00 
0̂.0. 
5.00 
10.00 
-l-̂>-.OQ 
20.00 
0.0 

—5.-00 
1 0.00 
. J. 5 ,00 
20. 00 
0.0 
-5,-00-

He AO RHG-COORC 

1 0. 00 
15.00 
20,00 
0.0 
-IrO.GO-
2 0.00 
0.0 
-it)-,oo-
20.00 

10.00 
20.00 
—0,-0— 
10.00 
20.00 
a-.o-
2 0.00 

20.00 
0.0 

-20-4-00-
0.0 
20.00 
—0;;-0— 
20.00 

— 

-13.P57T 
-50.COOO 
-̂5 0.'0000 — 
-50.0000 
-15...a 95.4 
-16.0473 
-38.S957 — 
-41,15Q8 
-15.277? 
-̂"17731X5— 
-30.563T 

-34.14 20 
-14.8122 

-24,39 42 
-26.5669 

-14.1655 

-2 3.2106 
-14.0262 

-10.5375 

13."8542' 
-14.66 50 

-11.1957 
-11.5203 

-8.73 06 

-6.1003 
-4.2425 

-2.1963 
-2.1963 
—oro 
0. 0 

0,02 50 
0.02 50 
-0 .1̂ 2 50-
0.02 5 0 
-0..0.3.7_5_ 
0.0375 
0.0 37 5 

0.0375 
0.0562 
-O" .-05-5-2-
0.0562 
_.0..03.6.2_ 
0.0562 
O.ÔJ44 

0.0844 
0.084A 
0.08 44 
0.1266 

0.126 6 
0.1898 
-QTrŝ 
0. 

0.2B4P 
0.2848 

0.4271 
0.4 271 

0,6407 

"0 . 1 1  
1.28 51 

1.7710 
1.7710 
-2-r5aatr 
2.5000 

0 .250-= 
0.5 000 

I .0000 
'A 

olsoio 
0̂7 
1.00-; 
0 .0 

0 .50̂0 
0.750? 
1.0000 
0 .0 
-e-
1.0000 
o.n 
-trr5rr?rr 
1 .0000 
0. ̂ 
0.5000 
1,0000 
-Ti-. n 
0.50 00 
1.0000 
"OTO 
1,0000 
0̂0 
1.OOjO 
0,0 

0.0 
1 .0000 
p .n 
1.QCOD 

ELEMENT VFLGCITIFS * 
sjc Jjt« y/ « ̂ -it  *  ^̂   ̂* ̂ * ̂ * * 

_RAQIAL_̂£L. VERTIC VEL IDARCy 

1 
2 

0.094 
-0.436 

-0.025 
0.28 8 1 

3 
4 
c 

79-3 • 
-0.737 

•"0.-007 
0.002 
o.o?o —  D 

6 
7 

A  — 
-0.277 
-0.520 

0.213 
0.020 
p pnn - - 1 — 8 

9 
10 

•  -0* 4?-l  • 
C.C02 
-0.174 

0.046 
0.137 

1 — -

- ri 
12 
11 

335-
-0.326 

"0.02a 
0.013 
G.053 

1 
1 1J 

14 
15 

v̂ •  T • •—. -
-0.189 
-0.039 

0.031 
0.051 r. _ n m 

1 
1 
It 

17 
18 

—Ô-2-OB 
-0.185 
-0.216 

U . L» i—» 
0.003 
0.026 

1 
—1 

19 
20 "5 l 

-07060 
-0.126 0.020 

O.Ol 6 _2J 
22 
23 

V̂ • w.r 1  — 
-0.076 
-0.036 

0.012 
0.005 <-) , n f 

1 
0 
Q 24 

2 5 
26 
27 
28 

-Oi-046— 
-0.026 
-0.027 
-0.030 
-0.018 

—  IJ 
0.001 
O.OOl 
0.003 
0.000 

0 
0 
0 
0 Q  — 

29 
30 
3t 

—  G.Ol-3 
-0.010 
-0.007 

, V7TJ W 
0.000 
-0.000 

0 
0 

.  •  - . .  -
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-DrSCHARGt-Fl-UX-

29,4061 

14.3252 

TOTAL DISCHARGe INTO THE WELL  U 73.4996 

« STEADY STAie TYPE C URVÎ 

-̂-04-0-6-

-f-UNeri-m-̂ vti-oi-

9 
10 
44-
12 
13 

15 
16 
17 
IB 
4-̂ 
20 
21 

—22-

23 
J24_ 
25' 
26 
-27-
23 
29 
30 
31 

33 
34 
-35 
36 
37_ 
38 
39 
-40-
41 
42 

1. do 
1. 00 

1. 00 
1.00 
-l-r5t>-
1. 50 

1.50 
1. 50 

2.25 
2.25 
"2t2 5-
2. 25 

3.38 
3. 38 

3. 38 
5.06 
-5T06-
5. 06 

7.59 
7. 59 

-44-̂ 3̂9-
11. 39 
11. 39 
17.09 
17. C9 
-1-7-.-GQ-
25. 63 
2 5.63 
-3-8. 44-
3 8.44 

51.40 
70. B4 

0.2637E 01 
0.215 5F 01 

0.777 5F 01 
0.77T5F 01 
-O-rẐf-Zr̂-O-l-
0.2495E 01 

0.6312F 01 
0.6400e 01 

100.00 
100.00 

0.269 2t 0 1 
0.4752F 01 

0.530 9r- 01 
0.210 3F 0 1 
0 .277ir- 01 
0.3793E 01 

0,44?2F 01 
n.2203E 01 
-o-r î-ont-or 
0.3609F 01 

0 .2 59 2F 0 1 
0.2 B̂2ir 01 

0.?154c 01 
0.2280r  01 
0.1724E D1 
0.174IF or 
-9-iHL-7-9-l-F—3-1-
0.133-̂':̂  01 
0.135P.E 01 

0. 4̂ 5̂5 00 

0.6507'̂  00 
0.3415E CO 

0.0 
0.0 

0. lOOOE-01 
0. lOOOF-Ol 

0. lOOOF-01 
0.1000--01 

0. 1500F-01 
0. 
0. 1500'̂ -01 
0. 15 00-:-oi 

0. 2250E:-0i 
0.22 50=-01 

- —0 1 
0.2250--01 
0. 
0.3375--01 
0.33 75--01 

0.3375--G1 
0.5062 -̂01 

0.5062E-01 

0. 
0.7594 -̂01 

0.11̂ 9'̂  00 
0.1139E CO 
0.ITO F̂ 00 
0. lYÔ'̂E or 

'̂.2 5631 00 
0.2563- 00 

0, 3F44c C'̂ 
Jl'.SliO" .LQ.— 

no 
0.70" 4- 00 

0. 10 00̂: 01 
0.looor 01 
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3.7 TRCQND - 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 TRC0N3 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 TRC0N3. 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 

COMPUTER DATA SHEET 
PROGRAM TRCOND 

Transient, two-dimensional flow 

By 

Date 

Specification Card 

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

Problem Data Cards 

RW RO HO • HTOL NLAYR 
(4F10.2, 110) 1 1 1 (4F10.2, 110) 

QFIX RCSNG QRTOL 

IGP IBOUND IWBC 
(5110) 

THL AKL BKL VCRL 

AGP 
(No. of cards = NLAYR) 

BGP VGP THGP 

(Omit this card if IGP = 0) 
SY DINDEX 

I (2E10.2) 
(Omit this card if IWAT = 0) 

NTICR ITST TFACTR 

FRLEN 

TMUL 

SCFAC XLMAX 

SSL 

BTGP 

DTMUL 

] (3F1C.2) 

(5E10.2) 

(5F10.3) 

] (2110, 3F10.2) 

NDSC NSCREN 
(2110) 

(No. of cards = NLAY 
XSCR HSCR 

(3110) 

(2F10.2) 

(No. of cards = NSCREN) 
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FIGURE 21: COMPLETED FORM fOR SAMPLE PROBLEM 

COMPUTER DATA SHEET 
PROGRAM TRCOND 

Transient, two-dimensional flow 

By P. Huyakorn 

Date 14/12/73 

Specification Card 

NPROB IVEL IDISCR ORELAX 
F10.2) 1 0 1 1 1.30 (3110, F10.2) 

Problem Data Cards 

RW RO HO HTOL NLAYR 
(4F10.2, 110) 1.00 1 1000.00 1 0.00 1 0.50 1 1 (4F10.2, 110) 

QFIX RCSNG QRTOL 
1 (3F10.2) 1 100.00 1 1.00 0.01 1 (3F10.2) 

IGP IBOUND IWBC 
0 

IKMAX I WAT 
• (5110) 

0 lOFO? 0.20E02 n.60E->01 O.lOE-04 
» J. kj» V»' ̂  

(5E10.2) 

AGP BGP VGP THGP 

(Omit this card if IGP = 0) 
SY DINDEX 

(2E10.2) 
(Omit this card if IWAT = 0) 

NTICR ITST TFACTR 
10 

TMUL 
50.00 2.00 

BTGP 

DTMUL 
0.00 

(5F10.3) 

(2110, 3F10.2) 

FRLEN 
0.50 

SCFAC 
1.50 

XLMAX 
100 .00 (3F1C.2) 

NDSC NSCREN 
(2110) 

IREGL NMINL NFRL 

m.nn in.no 

(No. of cards = NSCREN) 

4 3 5 

(No. of cards = NLAYl 
XSCR HSCR 

(2F10.2) 

(3110) 



80 

Jf:,-!  ̂if->>  ¡i; «  i-V ̂ *  A ̂ >7;» 3;.-A >!c iji  • 

*  FINIT£  fcL̂iMcNT  A,̂ ALYS!5  Li F WiLL  PRUBLiiMS 
i'  • 
•r- 7RÂ l3ir:NT,T-.JO  RI'.̂ IMS  FLOW  TU WAkO  A  STMGLE  WFLL   ̂

V ̂  *  • *  I«  A A  ̂¥   ̂ ÎR J.  -V ̂ V- +  -X. JF -̂-.KI,-  T- S!' •'¡C   ̂

-̂.r̂-tt A);. A i'?  -•> i'>;-Jf'* rV A it  ̂* 
riu'i-w-R  h  i * 

>;<  ̂ A r-̂  ̂ -R ii  i-  :.<  i  t  *  i;  &  -̂ituf'̂.î: it 

GcMFRAL  data 

RADIUS or  Wiil.L  'I  1.00 

i tqf ttj i'̂ic::  7/—-IXrfy. 

HEIGHT  OF  V.'ATfiR TABLi  H 

-00 

0. 0 

-frOir 

DISCHARGE  INTO  WtTLL 100.CO 

DISCHA'<G2  TfJLcr.AI\'Ctl  PATIO 

QVL'R RiiLAXATION  FACTOR  t! 

HKAD TOLi:RAilCi: 

-6R AV ct—̂ A-tK—r' i -J-c-X-

BOUNOAaY  I'NOUX 

->IH:l—IRTTR̂ -'-N-'IOTX-  ir~  0— 

LAYER  OF  MAX  PERMEABILITY 

ft 0.0100 

1.3000 

0.5000 

-0 

FORMAT lOM  PROPcF'.TItS 

T-Hi-cKntiSS-

1 

—EOFRPF- A  -T-ORP-E "C-̂ -T-R-VX-WC-LTY S-PT-TIF-1€—S'TTIRA" ̂

2C.00  0. ICE  0 2  0,20E  02 0.60E-01 0. lOE-0̂ 

SCREEN NO. 

. 1 

BASE  HEIGHT 

10.00 

01 SCRFT I SAT ION  DATA 

-mm irSTTTif—trivTTTK-s  w  i 

MUMBEK  JF  SUaRcGIO:>jS   ̂ 22 

LENGTH 

10.00 

IDENTI FIC;.TIC;J OF  îL EMrKT-HOOE  CONNECTIONS 

ELEM H) ITYPE \P -.P I PROP NODEl NOD £2 NO DEB N0DE4 

10 
1 1 
12 

—1-3-
1 
IS 
1 f: 

"1  7 

18 

2 2 
? 3 
2A 

-4- - —  ̂

9 
irt)-

1— 
? 

3 

4 

—r-ifr-
7 
8 
9 
M-
1? 
13 

14 
1:6-
13 
17 
1 5 
17 
n 
21 
2 2 

25 
27 
2iJ 
30' 

7 

9 
-li:-
12 
13 
14 
-16 -
17 
18 

-21-
22 
21 
22 
22-
23 
24 
2 5 
-7r-

2 0 
30 
31 
3 3-

8 
Q 
10 
-12-
13 
14 
15 
17-
li? 
19 
20 
17-

22 
23 

20 
25 
26 

20 
31 
32 
-34--

3 

4 
5 

-7 
C 
<5 
10 
12— 
13 

14 
15 

22 
23 

— 2 5-
2 6 

29 

-31 
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?.b 
21 
2[] 

30 
3 1 
3 2 

35 

36 

38 

40 

4 2 
A3 
4 4 
4 5 
4 6 
4 ? 
4 8 
4 9 

- i i X— 
51 
52 
5 3 

4 
4 
4 

- 4 -

4 
A 
4 

4 
4 
4 

-Yf-
A 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 

10 
1 1 1 1 
l 2 
1 3 
13 

-i-^r-
1 4 
15 
1 5 

- ì -6 -
16 
17 
17 

18 
1 9 
19 
2 0 
20 
21 
2 1 
22 

- 2 2 " 
2? 
2 3 
2 4 

-2-4-

31 
'3 3 
34 

-3 6~ 
37 
39 
40 

- 4 2 -
4 3 
45 
46 

-40— 
49 
51 
52 

--54-
55 
57 
5^ 
60 
61 
63 
64 
66 

6 9 
7 0 
72 

34 
36 
37 

- 3 0 -
40 
42 
A3 

(fò 
48 
40 

- 5 1 -
52 
54 
55 

-5-T-
58 
60 
61 
63 
64 
66 
67 

-'fo-
72 
7 3 
75 

- T 6 -

35 
37 
3R 

-40-
41 
43 
44 

A7 
49 
50 

-52-
53 
55 
56 

5? 
61 
62 
64 
65 
67 
68 
70 

- 7 ] -
73 
74 
76 

-77-

3 2 
34 
35 

-37 
3 8 
4 0 
41 

44 
A6 
47 

-49-
50 
52 
53 

-5-5-
56 
58 
59 
61 
62 
64 
65 
67 

-68-
7 0 
71 
7 3 

- T4 -

-T^frCiAL CtjtT^ì-n^T-tt^-

NODL Z - C J D R D 

1 
2 
3 

— - 4 -
5 
6 
7 

9 
10 
11 

-1-2-
13 
14 
15 

17 
18 
19 

-'¿ir 
21 
22 
23 

-24-
25 
26 
27 

2 9 
30 
31 

3 3 
34 
35 

37 
3 f 
39 

-^fO-
41 
42 
4 3 
44 
45 
46 
47 
/f n 

50 
51 
52 

-5--r 
5 4 
55 
56 

-T7-
58 

60 
-6-r-
62 
6 3 
64 

-TS-tJ-
6 6 
67 
6>i 

-ts-'-,'— 
7 0 
71 
72 

-7-3— 74 

7 5 
76 

-77--

1.00 
1 . 0 0 
1 .0 ' ) 
-1-,-Ou-
1 .00 
1. 50 
1 . 50 
ITTSTJ" 
1 . 50 
1. 5 J 
2 . 2 5 

2 . 2 5 
2 . 2 5 
2 . 2 5 

3 . 3 8 
3 . 3 3 
3. 3d 

-3-.-3V-
5. 06 
5 . 06 
5 . 0 6 

7 . 59 
7 . 5 9 

1 1 . 3 ; 
l l-T-3-r-
1 1 . 3 9 
17.0;^ 
17 . 0-t 

— r r r o t -
2 5 . 6 5 
2 5 . hi 
25 . 63 

— 

3 8 . 4 4 
3 i ' . 4 4 
5 7 . 6 7 —^ ^ r ^ f f f -
5 7 . 6 7 
8 6 . 50 
8 6 . 50 
8 6 . 50 

12 .:.7 5 
12 7 . 7 5 
1 2 9 . 7 5 
1 9 4 . 6 2 

2 9 1 . 9 3 
2 n . 3 

3 n . 9 i 
3'> 1. ^ 
3 n . " i 

— 5 -
4 9 1 . 9 3 
4 n . 93 
59 1. ; i 

5<'l . 
6 ; I . ' 3 
6'- l 

-is^rì^S' 
7 9 1 . M 
7 n . ' ^ ^ 

M33 .7 i 
8 3 ^. 73 

9 0 1 . 4 t 
I f ' f .O.O;; 
l (;OO.Oi) 

•1000.-0;.! 

0 . 0 
5 . 00 

1 0 . c o 

2 0 . CO 
0 . 0 
5 . 0 0 

1 5 . C 0 
2 0. 00 

0 . 0 
—5--.CO-

1 0. 00 
1 5 . 0 0 
20.00 

— o . - o — 
5 . 0 0 

10.00 
1 5. uO 

--2ÙTÙ0-
0 . 0 

1 0 . 00 
2 0 . CO 

— — 

10 .00 . 
20.00 

0 . 0 
- I t t - t ' O -
2 0 . r o 

0 . 0 
1 {.'. 00 

0 . 0 
1 0.00 
2 0 . 0 0 

— O - . O — 
1 0 . ¡>0 
2 0 . f 0 

0 . 0 
-1 (r.-t)0-
2C'.C 0 

0 . 0 
1 0 . 00 
2 C . 0 0 

0 . 0 
1 0 . 0 0 
20.00 

0 . 0 
- i o ; c o -

2 0 . 0 0 
0 . 0 

l o . f 0 
—2n-.-oo-

0 . ) 
l o . r - o 
2 0.00 —or.)— 
1 0 . 0 0 
2 0 , ! 0 

0 . 0 

7 0 .^0 
0 . 0 

l ' . ; .oo 
-z'irro-

ri. 0 

2 0. '' 0 
--"-i'i - r -

l'i.'.-o 
2 ' . i 'O 

0 . 0 

2 UO 
C'. ri 

l o . f 0 
--f fr . f'O-



-TM{•»- l i 'J I ) r ; u Y - A j i l i v h - S - A ^ I t> • K/. D I A t " t: h , } r d i i g S 

R - c j o r d i n a t g 

5 
10 

- I t r 
2 0 
2 3 
2 6 

-2V-
3 2 
3 5 
3 5? 

-¿1 t -

4 7 
5 0 

5 o 
59 
62 
6 5 
6 a 
7 1 
7 4 
7 7 

U f 0 
I . 50 

3 . 3 8 
5 . 0 6 
7 . 5 y 

— n .- 3«-
1 7 . 0 9 
2 5 . 6 3 

-
6 6 . 50 

1 2 V . 7 5 
K 4. 62 

4 9 1 . 9 3 
5 ' i 1 . ^ 3 
6 ? 1 . 9 3 
7 9 1 . 9 3 
e 3 5 . 7 3 
9 0 1 . 4 4 

1 0 0 0 . 0 0 

LENGTH Or GROSS VSCTGR 3 3 6 

« y ̂  :}r ic ^ <; Si: r.« « « « A * ^ ^ i : A W 

^ T l i l F : H 0 . 6 2 f > i ' : - 0 2 * 
• • ij:» » » A U r i f -4.- ;.!c » ^ y i i j r : ^ -»jrit -

1 -e f ^o .co . 

CCRRCSPOUDIMG N D . l iF MODES H 11 • 

ft 54 

COF.RSSPONOIfiG CU.MPUNtNT OP VECTOR NDVSC U 23 

DISCHARGC I T E k A T I Q N NUHBtlR ft 

ORAA'DUWN VALUE ti - 2 9 . 2 4 7 

NUMBER OF I T E R A T I O N S RCqUIRED if-

TGLtRANCE CQUNTEP FOR HEAD U 0 

ABSOLUTE MAXIMUM ERRCR I N HEAO 4 0 . 3 3 9 2 

DISCHARGE FR3M AQUIFER INTO WELL # 6 9 . 1831. 

DISCHARGE FRQMM WELL STORAGE H 0 . 0 

TOTAL CALCULAT'f iD DISCHARGE " ^ 6 9 . 1 8 3 

If 

DISCHARGE ITFRATIO.x l NUMBER # 

Di in r i iocr i j r r - rNeRf-Tc^TT- — n — = - 4 - 2 T 2 T 5 -

ORAWCOWN V A L U t fl- - 4 2 . 2 7 5 

NUMntR OF I T r - P A T I C i J S RFQUIRctD U 

TiJLi:RANCZ COUNTEk FUR He AD fi 0 

ABSOLUTE MAXIMUM FRRGR I H E A D # 0.1600 

DISCHARGE FFM^^ AQUIFER ^ T O W^LL if 9 0 . 7 4 3 8 

OICCHARGL FROM^ -Ji^LL STORAGiE U 0 . 0 

TOTAL CALCULAT.-D DISCHARGF # 9 0 , 7 

S.fcSlDUAL DISCHARGf. 9 . 2 5 6 2 
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DlSCHARGf I TARATI O ÍJ NUMBER if 

DP.AWCOWN IsjC'̂r-MFMT 

ORAWDDViN VALUE  « -A7. GüíJ 

NUMBER CF ITERATIGl-jS RFQUIREO  tf 

TOLERANCE COUNTER FÜF̂ HtAÜ  ̂ G 

tt-ti A-X i -ti  ̂

DISCHARGE FROMM WELL STUFAGc  f̂ •  0.0 

TOTAL CALCULATED DISCHARGE  U  99.132 

RCSIDUAL discharge if  0,8678 

DISCHARGE ITiiRATirjN NUMBER  4 4 

DRAWDOWN INCREMENT  U  -46.447 

DRAW TOWN VALUE  n  -4'̂.. 4 47 

. NUMBER OF ITLRATIONS REQUIRED  # .4 

TOLERANCE COUNTER FOR HEAD  #  0 

-̂ B̂tftnii-r-̂tA-Xl MüM-Et̂fTft—frt-fí irAfi  r -cmt-tt-

-ül-̂tr̂ -̂f-frÔ Aîtfi-t̂fSr-itmj-̂ 

DISCHARGE FROMH WELL STORAGE  # 

-ItrT-Tit— it  — 

RESIDUAL DISCHARGE  :  #  0.0260 

0.0 

*  ,;< ̂ A í-ji: Jf:  » « « 

FINAL RESULTS Of Ah.'ALYSIS 

A v « 3{-. j!̂  :):  ¿.i >;c  5}: i: jlc -/iiît̂tî ir- îîf/ii,-if if -i.-if. 

HEAD .vs. !̂ADIUS AND I/U .VS. V/{U) 

NODE R-COORD HEAD 1/U W(U) 

5 
6 
7 

9 
10 
11 
12 
13 

l'i 
16 
-Tr 
1 a 
19 
20 
-21-
22 
2 3 
2A 
TtJ-
26 
27 
2r! 

30 

1 .00 
1 .00 
1 .00 

— 

1.00 
1 . 50 
1. 50 

I 
1 . 30 
2 .2P 
2.25 
2 .25 
2.2 5 
2.2 5 
3.1c 

— 

3 . 5 o 
3 .3b 
3.3 1 
-̂.-tĵ-

•J . 'j o 
V . 5 7 

-rr^V-
7.5 > 
11. 3 
11. .5 
-M 
17. 

-4.1P67 
1. 6 57=) 

-4L«. ''«'+6 5 

-43.4465 
-2. 60-'6 
-1 . 630fv 
-31-7-52M-
-33.2066 
-33. 805-3 
- l.t¡00 3 
-3.4981 
-l̂.6552 
-21.9 37 4 
-2 3.OvHO 
- I. 36.̂V 

-11.  I 
-13.4634 
-15. 4 V 5 I 

-6 .6221 
-9. i4-'l 
-1. 

-4. 9'-w2 
- 1. 00 V/ 
-1.700 • 
---2.2520--
-0.4864 

0.2235E 03 
0.2 23 5E 0 3 
0.̂ 2̂3 5- 0 3 

0.2 2  0 3 
0.9 933í̂ 02 
0.993 IE 02 

0.'?93"r; 0 2 
0.9933E 
0.4 415E 
0.̂415!-
O.A <,1 5E 
0.4415E 
0.A4l5r-
0. 

02 
0 2 
02 
0 2 
02 
02 

_  .,02 

0.196 2E 
0.1962,-. 
-0. -i •/ ? r. 
o.r,72u:-

0.n721E 

0.3h76r 01 o.i7;Mr; oi 
0.17 23:-
0.1723̂ 
0.7656!: 

02 
0 2 
0 2 
0 r 
01 
01 
ül 

01 
Cl-
00 

0.9399 
-n.3744 
10.37 57 
-1-0 .'6-757-
10.67 57 
0.5858 
0.3661 

—7r07T3-
7.4545 
7.5691 
0. 40'+2 
0.7̂ 5 3 
4.412 4 
4. 
5. 1853 
0. ir, 5 5 

—0.̂97 
2.6135 
. 3.0224 
3. ̂.67 3 

—0.-21 n 
1.4̂65 

0. ;?977 
—0-.-i>106-
1 . 120̂ 
0.2253 
0. 3i;l!3 

—0. 5055-
0. 1092 
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31 
32 
-3-3-
34 
35 
36 
-3-7-
38 
39 
40 

42 
43 
44 
f J 
46 
4 Y 
48 -ff̂ 

50 
51 
52 
-5-r-
54 
55 
56 
-5-7--
5e 
59 
60 
--tri-
62 
63 
64 
-6-1?-
66 
•67 
6fi 
-tj<r 
70 
71 
72 
73 
74 
75 
76 
77 

17. 
17 . 

25. 
25. 
3a. 

'3 « 
57 . 

Î6. 
36 . 
56. 

— 

129. 
1 29 . 
1̂ 4, 

—l-r4 ; 
IM, 
2 i 1 . 
291 . 

-̂¿—ir. 
3>-1 . 
3n, 
3=; 1 , 

—4-;!-; 
. 

4 1 . 
5 -n, 

591 , 
691 , 
6'> 1 . 

-XiVl-. 
7v 1 . 
791 . 
791 . 

835, 
S 35 . 
901 , 
90 1 . 
901 . 
1000 , 
IO'jO, 
LODO , 

Oi 
09 
6-3-
63 
6 } 
44 

44 
67 
67 
of-
.50 
,5u 
,50 

,75 
7 5 
,62 

,62 
,93 
,93 

-•»3 
93 
.93 

,3 

93 

,93 
93 
.93 
r̂ i-
, 93 
,93 
,9i 

73 
73 
4̂4 
44 
4 4 
00 
00 
(.0 

-0.6157 
-0 . 7 39 6 

-0. 1420 
-0. 1521 
-0,0143 

-0. 
0. 0(:0¿ 
O.OCO? 
-U.uról-
-O.OCOO 
-0.0000 
-0.0000 
—orooeo-
o.oooo 
0.0000 
-o.oooo 

-0. 00(10 
o.oooo 
0.0000 

—CT̂'OOO-
-O.OCOO 
-0. 0000 
-0.0000 
—ovocoir-
o.ouoo 
o.oooo 
-0.0000 
—-e-.-oooo-
-o.ofJOo 
0. 0000 
0.ouoo 

—OT-ttrOO--
-0, OC 00 
-O.OCOO 
-0.OC00 
TÏTtîlKt?-
0.0000 
0.0000 
-0. 0'''0 0 
-0.0000 
-0. oc 00 
0.0000 
0.0000 
O.OCOO 

0.7656n 00 
0.7 05 6': 00 

0.340-̂ ;̂ 00 
0.140111 0 0 
0.1512f- 00 

0.1 51 2ii 00 
0.6 721C—0 1 
0.672 l'--0 1 

0.2987!-1-0l 
0.2 937!—01 
0.2 987̂ -01 

o.i32an-oi 
0.1 32ai:-0 L 
0.5 50i:--02 

if>02-
0.5 90ir:-0 2 
0.262Ti:-02 
0.2 623':-0 2 

0.l455r-02 
0.1455E-02 
0.145 5'i-0 2 

0.9 23 6̂-0 3 
0.9 236r-C3 
0.6 37<̂'r:-0 3 

0.6 37 9n-0 3 
0.4660E-03 
0.4 66P.t:-0 3 
-t>v4-66-8e—&-3-
0,3 564l:-0 3 
0.3 564[:-0 3 
0.3 5645-03 

0.3 200r--0 3 
0.3200L--03 
0.2 750̂ -03 
0.2 750[:-03 
0.27501--03 
0.2 235:j-0 3 
0.2 23 5E~0 3 
0.2 235r;-0 3 

0. 1382 
0. 1660 

- -0.̂ 0300 
0.0320 
0.034 1 
0.00 3 2 

—f̂ v 0032' 
0.0031 
-0.0000 
-0.0000 
--0.0000 
0.0000 
0.0000 
0.0000 

-0.0000 
-0.0000 
0.0000 

—i.'.-OOOO-
O.OOOO 
-0.0000 
-0.0000 

0.0000 
0.0000 
0.0000 
00-00-

-0.0000 
-0.0000 
0.0000 

0. cooo 
-0.0000 
-0.0000 

0.0000 
0.0000 
0.0000 
--or̂oaf 
-0.0000 
-0.0000 
0.0000 
0.0000 
0.0000 
-0.0000 
-0.000 0 
-0.0000 

3{- *  =!; J? •]<• 5,' -r '•= -lo;: :)(  ̂ « 
-r 

* ̂  v «  Jit Î}; ̂    ̂A  rli  X, V A 'î« 

DISCĤ R̂GE ITERATION NUMBER  # 

DRAWDOWN IMCRF-lfl-MT  «  -4b.447 

DRAWDO'AfJ VALUi: f} -96.893 

NUMBL̂R OF ITLRATIOiJS REQUIRED  « 

ABS01.UTF. MAXiMUM LRROR IN HEAD 0.3402 

DISCHARGE  FRQ̂ AQUIF-R  INTO WTLL H 150.2560 

Hcrj.i-'t îf.LL S-Ŵ ti-c:— »vû 

T..1TÛL Cî̂ LCULATcD !)ISCHAPsGL-  4 150.256 

OISCHARGE ITERATÎCM NUMBifR H 

DRAwOnWN VALJjn   ̂ -64. 4S5 

MUM BER OF  ITriR.VTIO.̂IS RtQJItf̂ D 

rOLFRAiiCr CfitJiirrR FOR HL/.0  'f  O 

ABSOLIJTC; Mr.XLMUM rRKC.R  HlCAn  #  0.4017 

DloCtlèpr,.- FR )M /-. yilFr̂  riT'i  W"LL 111.7153 

-O.-C-: 

TOTAL CALCOLMcP  OISOiUf̂îL 111.715 

-t̂rrs-ïtitrAtr-tjriiCiîAî t̂r- —  ̂ tr;n!53 



85. 

discharge: iTtiKATlOM MlJMBiR // 

DRAWDO'AN VALUl- - 5 4 . 6 34 

NUMbU-.P. OF ITERMIOrNlS REQUI r.SD U 

TOLfcRANCS COUMTER FfJf: HL'AU if 0 
ABSOLUTE MAXIMUM f-P.RCP. IN HcAP ^ 0 . 2 7 9 5 

DISCHAnGc FROM AQUIFER INTG WHLL 
DISCHARGE FTXiMM '̂ ItLL STORAGE H 
TOTAL C.\LCULATv:li DISCHARGl: # 

97.9016 

RFTSIOUAL DISCHARGE 

0.0 
97.902 

2 .0Q84 

DISCHARGE ITSP.ATION NUMBER U 
DRAWDOWN INCRPMtNT fl - 7 . 6 34 
PR AW GO WM VALUF: P - 5 6 . 1 3 1 

NUMBER OF IT:RATIONS REQUIRED U 

TOLcRAKCF COUNTIHR FOR Hl-AD # 0 

DISCHARGE FROM AQUIFER IMTO WELL tf 100.0617 

DISCHARG-E FROMM WifLL STORAGE # 0 .0 

TOTAL CALCULATED DiSCHARi^E # 100.062 
RESIDUAL DISCHARGE 0.0617 

5i< ̂  * -.;< =!t * * ̂  * ^ j|< >!; it ¡it*:?: !{<* « at̂  ¡{c * 

FTTTAl P.L;SUL-T$-i:Tr- A.M ATTSn-^ 
« 4 :{: >!« ^ «;!t .-)r ^ 3;; ih ^ * 

NODE 

HEAD . V S . PADIUS AND 1 / U . V S . WIU) 

K-COORD HEAD 1 / U W(U) 

2 
3 
4 

— 

6 
7 
8 — 

10 
11 
12 
14 
15 
16 

-1-7-
le 
19 
20 

-¿I 
22 
2 3 
24 

27 
2 a 
30 
31 
32 
34 
35 
36 
37 
3R 
39 

-tTtrO-
1 .00 
1 .OU 
1 .00 

"IriTTU" 
I . 30 1, ¿0 
1 .50 

-t-.-5-r 
1 . 5 0 
2 . 2 5 
2 . 2 5 
2 . 2 5 
2 . 2 3 
3 - 3 J 
3 . 3 3 
3 . iK 
3 . 3 3 
-vorr 

5 .06 
5 . 0 6 
7 . '̂•V 

— -tvTr-
7 . 5 : ; 

1 1 .3 :? 
1 1 .3'-' 

- l l v - r ; -
17 .OS 
IT . - : ' ; 
17 
2 5. o 4 

.6 J 
3 a . 44 
31: .44 
h3 .44 

5 7 . 0 7 

- 1 
- 5 6 
- 5 6 

- 4 
- 4 

- 3 3 
- 4 1 

- 3 
- 6 

- 2 L 
- 3 0 

- 3 
^—=-7 

- 1 6 
- 1 0 
- 2 1 

- 10 
- 1 4 

- 3 

. 1 1 8 3 

. 130 7 

. 1307 
mfri— 
. 501 3 
. 225 3 

26->0 
. 974«) 
. 42̂ 06 

. 50 35 

. 0262 

. 42C6 

. 3 1 4 6 
.9704 
. 5067 
. -7^77-
. 2012 
. 02 \ i 
.2 5 2 4 -
. v;5u 
. 3 3'••2 
.4 ',06 
.-.127 I— 
. i /46 
.7'Hi 
. 45ol 
. 'u 2D 
. 0')7/) 
. 047 2 
.O .̂oO 
. on OR 

0.'-470F 03 
0.4 470E 0 3 
O.447OE 03 

03 
03 
03 

-t)3-
03 
0 2 
02 

0 . 1 9?. 7.': 
0 . 1 volb 
0.1937C 

—tivlV-3-7;; 
0 . 1 937'': 
o.r K3or 
o.^H3oE 
0.r;o30L- 0 2 
0.8 030: 02 
n.3^24F 02 

—073^-24E-02 
0.3924= 02 
0 . 3 924" 0 2 
0.3V24E 

0.1744E 
0 . 1 7 44", 
0 .7 75 2'r - -

---0.-7 7'^2:^01 
0 . 7 7 5 2 : 01 
0 . 3 44 5'- 01 
0.3i,4'<: 01 
0 . 1 5 3 IE 0 1 
0 . 1 531'; 
c . 1 5 3 1 : 

— 

0.6 JO5: 
0 . 3 02-:.''-
0 . 3 02SE 
0.3C2 5E 
0 . 1 344'-: 

02 
0 2 
0 2 
0 1 

01 
01 
r c 
0 0 
0 0 
00 
0 0 
0 0 
00 

—1-74-536-
0.2S11 

12 .600 3 
1 2 . 600.3 

-r^-. 6coir-
1 . 0 8 35 
1 . 0 1 0 5 
8 . 5 3 1 2 

—g-rCi^rr-
9.2642 
0.8023 
1 . 443'+ 

— 

6. 39 
6.7406 
C. 767 -̂  

—t . 63 64 -
3.662^ 
4 .2587 
4.fc280 

—O. 621-3 -
2 . 2 9 3 1 
3 . I B 30 
0.6S0C 

— I . 4 0 3 6-
1 .oyA6 
0 . 5 2 5 1 
0 .7701 

— 

0. 2f^61 
0 . 3 4 1 4 
C.394 5 

—O. C'-74 
0 . 1 0 2 3 
0. 10 34 
0 . 0 1 5 2 
0 . 0 1 5 1 
0 . 0 1 5 0 
0 . 0 0 0 2 



86. 

4 0 
4 1 
Hi'. 

4 4 
4r> 

^ i ) 
4 7 
4 8 
4^5 

-^-tr-
5 1 
5 ? 
5 3 

5 5 
5 6 
5 7 

5<? 
60 
61 
6 3 
6 4 
6 5 

-6tr 
6 7 
6 8 
6 « 

- 7 i r 
7 1 
7 2 
7 3 

7 5 
7 6 
7 ? 

5 7 . 6 7 
_ 5 7 . _ 6 7 

( jT i . 5 0 -
. 5 0 

S 6 . 5 0 
1 2 9 . 7 5 

l V 4 
I -^4 , 
1 ^ 4 -

( !> 
7 5 
6 2 
6 2 
r r r 

2 n . 9 3 

2 ^ 1 . ^ 3 
— 

3 : ^ 1 . 33 
3 V l . 9 3 
4 9 1 . ) 3 

— 

4 9 3 . « 3 
5 r U . 3 

- 9 3 
— 

6 9 1 . 9 3 
6 9 1 , 9 3 
6 9 1 . 9 3 

— 

7 ? I . " ^ 3 
7 9 1 . ' -• '3 
3 3 5 . 7 3 

—C3-5 -T7 -3 -
i j 3 5 . 7 3 
^ 0 1 . 4 4 
9 0 1 . 4 4 

—-?v) 
l O i 0 . 0 0 
1 0 0 0 . 0 0 
1000 .00 

- 0 . 0 c , 0 3 
- 0 . 0 0 0 9 

~ - X T . - 0 0 0 I — 
0.000 1 
0 . 0 0 0 1 

- 0 . 0 0 0 0 
- ^ v r . - o o f ' O — 
- 0 . 0 0 0 0 

O . O O O O 
0 . Ot 0 0 

— a ; t : r o o — 
- O . O f 0 0 
- 0 . 0 0 0 0 
- 0 . 0 0 0 0 

— 0 - . - O O G t T — 
0 . 0 0 0 0 
0.0000 

-0 .000 0 
- - t J T O - O t r O — 
- O . O C OQ 

0.0000 
0 . 0 0 C O 

— o - r f r o o o — 
- 0 . 0000 
- O . O C 0 0 
- 0 . OC 0 0 

— 

0.0000 
0.0000 

- 0 . 0 0 0 0 
- - " O T O O O O - — 

- 0 . Ot 0 0 
O.OC. 0 0 
0 . 0 ( ^ 0 0 

' D v O O O O — 
- O . O C 0 0 
- 0 . 0000 
- o . o c o o 

0 . 1 3 4 4 G 0 0 
0 . 1 V t 4 : 0 0 

0 . 5 9 7 5 i : - 0 l 
0 . 5 9 7 5 i - 0 1 
0 . 2 6 5 5 r - - 0 1 

- 0 T 2 - 6 5 5 r - - 0 r -
0 . 2 6 5 5 ^ - 0 1 
0 . 1 1 
0 . 1 i c o f : - o i 

- t r . 1 1 i i n t - ^ t n -
0 . 5 2 4 5 [ > 0 2 
0 , 5 2 4 5 - - ^ - 0 2 
0 . 5 2 4 5 E - 0 2 

0 . 2 9 1 0 t - 0 2 
0 . 2 9 1 0 ; - . - 0 2 
0 . 1 b 4 7 c - 0 2 

0 . 1 2 7 6 t - C 2 
0 . 1 2 7 6 F - 0 2 

0 . 9 3 3 7 P - 0 3 
0 . 9 3 3 7 r : - C 3 
0 . 9 3 3 7 t : - 0 3 

0 . 7 1 2 ' i f ; - 0 3 
0 . 7 1 2 ' , t : - 0 3 
0 . 6 4 0 ' : £ - 0 3 

3 -
0 . 6 4 0 C E - 0 3 
0 . 5 5 0 1 f . - 0 3 
0 . 5 5 0 l c - 0 3 

- 0 7 5 ^ ) 0 1 i - O T -
0 . 4 < ^ ? 0 n - 0 3 
0 . 4 4 7 0 r : - 0 3 
0 . 4 4 7 0 r - 0 3 

0 . 0 0 0 2 
0 . 0 0 0 2 

- ^ "OVOOOO " 
- 0 . 0000 
-0.0000 

0.0000 
— o r o o t r t ) " 

0 . 0 0 0 0 
- n . 0 0 0 0 
-0 .0000 

• - 1 ) 7 0 0 CO- -
0.0000 
0.000 0 
C . 0 0 0 0 

-0.0000 
- 0 . 0 0 0 0 

0.0000 
— O r O O O O -

0.0000 
- 0 . 0 0 0 0 
- 0 . 0 0 0 0 

0.0000 
0.0000 
0.0000 

-0.0000 
- 0 . 0 0 0 0 

0 . 0 0 0 0 
— 

0 . 0 0 0 0 
- 0 . 0 0 0 0 
- 0 . 0000 

- - - O - . - O O O O -
0 . 0 0 0 0 
0.0000 
0.0000 

A * -S-, ^ >V Jli:{: * ^ ^ V ^ * =!: t- + .H i : .-5 * ^ ^ r!: 
T I T . E S T c P if 1 0 i^lf-tii t - t - ^ - l - y ^ »«-¡it it ' 

T i r i c a 0 . 4 3 i : 0 1 
siv: ijt ^ ^̂  « j;: • ^ ^ + iS « • -i! - i-- ^̂^ 

E S T I M A T E D R A D I U S O F I N F L U f E N C E . # 1 0 0 0 . 0 0 

C O R R i S F O i ^ l D L M G N O . J F NODFIS # 7 7 

C O R R E S P O N D I N G M O . O F ¿ L E M t N T S # 5 4 

C O R R i f S P O N D I N G C O M P O N t M T CF V E C T O R N O V E C i. 2 3 

d i s c h a r g e : I T i ^ R A T T O ' > J NCJMBER H-

DRAWDOWN I N C R ' i . - ^ l - M T ^ - 1 . 7 6 4 , 

DRAWDOWN V A L U F - e 4 . S 2 4 

•sUMBiF . OF I T F ^ . A T I C J S R c ' Q U I k - D 

l O L P R t ' N C c C O ' J ' i T ^ K F O R H i - A D v 0 

« t - - r - 1 - e c — w r i -

D I S C H A R O e F R i M I W f L L S T O k A G c f̂  C . O 

- T n T 7 \ - t - 1 A t - C - t r t r . T - t ^ r s - c i .MiG ^ 1 0 3 0 " 

r v t S I D U i L r ) I S C H M < G n « O . O O O l 

« 4 V ¥ V J): S« V is * ^ i ^ ^ t - « 

F I N A L R L S O L T S O F / « N A L Y S I S 

* ri! i - A • «f * t 



HLAÜ  '-AÜll.lb Aiü  l/\J  WIUI 

MOD H H-CüüRL Hb AO 1/Ü 

5 
6 
7 
8 • 
9 
10 
11 
12 
-n-
14 
15 
16 

18 
19 
20 

22 
23 
24 

26 
27 
28 

30 
31 
32 

34 
35 
36 
-3T-
3G 
39 
40 
-4-r 
42 
43 
44 
-4-5-
46 
47 
45 

50 
51 
52 

54 
55 
56 

58 
59 
60 
-61-
62 
63 
64 
-6-5r 
66 
67 
68 
69 
70 
71 
72 
73 

75 
76 
'•7 

1 .CO 
1 .VO 
L  .UO 
-l-trd  
1 .OJ 
1 .50 
1 .51» 
1.50 
1 .50 
•1 .5J 
2.25 
2.25 

2 .25 
2.25 
3.3Û 

3.3J 
3.33 
3 . -îJ 
-5-7tTrj  
5 .00 
5.06 
7 
-Tt̂ ?̂  
7. 5 y 
11 .39 
11 
-1:1—3-? 
17 .--9 
17 .09 
17 .09 

25.63 
25 .63 
J6.44 

— 

57.67 
57.67 

-̂y-r̂sT-
J6.50 
3̂ 6.50 
36.50 

12-?.75 
129.75 
1/4.62 

l;>'t.«2 
2?1 
2:̂1 .93 
-2.<1  
391 .93 
3-il .93 
391. 

491.93 
4̂1 .93 
591 .93 
5vl.93 
591 .9̂ 
6V1.93 
691.93 

— 

7': 1 . ?3 
7-U.9 3 
791 .93 
8 35.73 
8 35.7 3 
035.73 
901.44 
9C1.44 

— 

IOC- AO 
1OuO.CO 
lOOü.00 

r, 
•H/f 
• u 
31 

•33. 107 5 
.0-;2 

. A  S 
47-53 

6t). óf OL. 
-ÓV.?V36 
-70. 1Y05 
-30.  2 
-33.3-03 

-57. 127 2 

-29.3A90 

-43. rrió 
-47.10̂3 
-50. 001:! 

-37.30 4 5 
-42. 
-28.7903 

- 3 3.2 581 
-27.33?'-í 
-2 5.5 n O 

-24.6 109 
-24.9.j2'y 
-25.3.9̂1 
-=-21—-
-21.4051 
-21.4557 
-17. b63 5 

-17. -̂òòO 
-14. 3571 
-14.3570 

-10.9211 
- 10.9211 
-10.921 I 
-̂fTontr?-
-7.Ò402 
-7.640?. 
-4.6777 
-4. or/ir-
-4. 6777 
-2.3049 
-2.3049 

—-'-2T3̂»4'>-

-1.0358 
-1.0953 

—--0-.-506̂9-
-0. 5C;69 
-0.5069 
-0.22Ö4  

-0. 22B4 
-0.1012 
-0. 1012 

—-OrlfrtZ-
-Ü.0454 
-0.0454 
-0.0454 
-0.032 5 
-0.0325 
-G.032 5 
-0.0211 
-0.0211 

— 1 -
-0.0156 
-0. 015S 
-0.015K 

0.1716e 06 
O.l n6G 06 
0.17ÍAE 0 6 
-Ori 7 1 
O.I716'i 06 

05 
0.7629r 05 
0.7Ò29V. 0 5 
0.7 6 29H 0 5 
0.7629»i 05 
0.3 39 IE 0 5 
0.33?lf; 05 
-0.-3 391:̂-0̂ 
0.3 391'̂ 0 5 
0.3 3̂1c 0 5 
0.1507E 05 

0.1507{£ 0 5 
0.1 597C 0 5 
0.1597? 05 

0.669̂3? 04 
0.f.ó98S 04 
0.2977r 0̂ 

0.2977t 04 
0.1323S 04 
0.1 32 3F 04 

3t—0-4-
0.5ö30'"i 0 3 
0.59802 03 
0.5 930r 0 3 
-trr2-ol 3̂-01î-
0.2ól3H 0 3 
0.2613Í! 03 
0.1161': 03 
-irrl-Tol-tf-0-3-
0.1 161fc 0 3 
0.5162fc 02 
0.5162? 0 2 

0.2 294L 02 
0.2 294̂: 0 2 
0.2 2̂42 02 
-<n-I-020e—Ü-2-
0.1020F. 0 2 
0.10201! 02 
0.4532n 01 

0.4532P 01 
0\2 014e 01 
0.2014̂ 01 
-f;T201-4F-0-r 
0.ril7r 01 
0.1 117'1 01 
0.1)17rr 01 

0.7093e 00 
0.7093?= 00 
o-4í=ŷc 00 
-fn̂ú-'̂—fXÚ-

00 
0.35>í5E 00 
0.3 5f5fc 00 

0.27 37H 00 
C.2737í̂ 00 
0.2 737F 00 
0.2 458F. 00 
0.245 1'= 00 
0.245 3t 00 
0.21121: 00 
0.2112:1 00 
-G-.2112í--ccr 
0.1716̂- 00 
C.1716E 00 
0.171ÓS 00 

W ( II ) 

7.4323 
6. 3066 
19.0422 
-19».042 2— 
19.0422 
7.0641 
7.0654 
14.9601 
15.551? 
15.7526 
6. 8577 
7.4̂ 35 
-r2-.ü0 37 — 
12.3245 
13.2131 
6.7055 
-7T-67r6--
9.Ö712 
10.5S90 
1 1. 2249 
—6-.-5ÜC-r— 
8.3745 
9.4509 
6.4632 

—7;^93-
7.9151 
6.1150 
6.4161 
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o.5174 
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— 

0, 1130 
O.113P 
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O. 01 02 
0.0073 
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0.0035 
0.0035 
0.0035 
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-f Tî  it'.̂rri rr~f- ̂) t-v̂  O's—tt -r-viT-
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-2-
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5 
—6— 
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6 
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-IT— 
1 1 
12 
1 3 

15 
16 
IT 
-l-P-
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20 
21 

2 3 

25 

27 
2f, 
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32 
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-35-
36 
31 

40 
41 

45 
4 6 
-n-T-
4f. 

SC 
-̂rr-
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53 
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—  ̂ — 
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57 

60 
61 
62 

c4 
6 5 
f-Jy 
'ty'r-
6 a 
AO 
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7t 
7 ? 
7 i 
It* 
-f'r 
76 
7 7 

1 .00 
-1 ,C0— 
1 .GO 
1 .t U 
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1 . 50 
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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 imconfined 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. Clî  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: 

(i) 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 tkeir 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 ^ = r/r̂ , 

f = z/»n , and dimension less drawdowns, s/s^ 

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

co-ordinates and heights of the free surface nodes; 

(v) 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) = 2/C Kg ( - K)K/Q, 

and values of 1/u = r/t̂  . The value of the 

non-linear flow parameter, A = bQK/^/Tr^h^ 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: INPU T DATA FORM FOR STFREE 

COMPUTER DATA SHEET 
PROGRAM STFREE By 

Steady, free surface flow Date 

Specification Card 

NPROB IVEL IDISCR ORELA X  
(3110, F10.2) 

Problem Data Cards 

RW R O  HO TH HTO L  
(5F10.2) 

IGP NSTE P  
(2110) 

AK BK VCR 
(3F10.3) 

AGP BG P  VGP THGP BTG P  

(Omit this card if IGP = 0) 

(5F10.3) 

HW 
(FIG.2) 

FRLEN SCFAC XLMA X IRE G NMI N  
] (3F10.2 , 2110) 

NDSC NSCRE N  
(2110) 

XSCR HSCR 

(2F1C.2) 

No. of cards = NSCREN 
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FIGURE 23: COMPLETED FORM FOR 2 SAMPLE PROBLEMS 

COMPUTER DATA SHEET 
PROGRAM STFREE 

By P.̂ Huŷ q̂rn ̂ 

Steady, free surface flow Date 14/12/73 

Specification Card 

NPROB IVEL IDISCR ORELAX 

1 2  1 1  1 1 1.50 1  (3110, FIO. 2) 

Problem Data Cards 

RW RO HO TH HTOL 
(5F10.2) 

0.50 1 1000.00 1 50.00 50.00 0.20 
(5F10.2) 

IGP NSTEP 

1 1  2 (2110) 

AK BK VCR 
(3F10. .3) 10.000 20.000 1 0.0125 (3F10. .3) 

AGP BGP VGP THGP BTGP 
(5F10.3) 

1 1-00 0  2.000 0.125 0.500 0.000 1  (5F10.3) 

.(Omit this card if IGP = 0) 

HW 

1 10.00 1 (F10.2 )  

FRLEN SCFAC XLMAX IREG NMIN 

(3F10.2, 2110) 
1 0.1 0  1 1.5 0  1 150,00 I  ?  1 ?  i (3F10.2, 2110) 

NDSC NSCREN 
(2110) 

XSCR HSCR 

n.nn t;n nn 

No. of cards = NSCREN 

(2F10.2) 
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COMPUTER DATA SHEET PROGRAM STFREE By P. Huyakorn 
COMPUTER DATA SHEET PROGRAM STFREE 

Steady, free surface flow Date 14/12/73 

Specification Card 

NPROB IVEL IDISCR ORELAX 

1 1 (3110. 

Problem Data Cards 

(3110. 

RW RO HO TH HTOL 
1 NN 1000.00 1 50.00 1 50.00 0.20 

IGP NSTEP 
(2110) 0 2 (2110) 

AK BK VCR 
(3F10. 3) 1 1.000 1 2.000 1 0.125 (3F10. 3) 

AGP BGP VGP THGP BTGP 

t 1 
(Omit this card if IGP = 0) 

HW 
(F10.2) I 10.00 1 (F10.2) 

FRLEN SCFAC XLMAX IREG NMIN 

1 0.30 1 1.50 1 150.00 1 2 2 1 

NDSC NSCREN 
1 (2110) 1 7 1 I 1 1 1 (2110) 

XSCR HSCR 

70. on ^n 00 
(2F1C. 2) (2F1C. 2) 

(5F10.2) 

(5F10.3) 

(3F10.2, 2110) 

No. of cards = NSCREN 
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* PROPLIM NUMd-K ti  \  * 
i: tj;   ̂v  ii-̂c   ̂sjc 

GEMERAL INPUT DATA 

RADIUS OF Wt-XL  tf  0.50 

EXTERNAL RADIUS  #  lOOD.CO 

INITIAL SATURATfin THICKNZSS  OF AQUIFER . H  50.CO 

-OV 5-R-frE 1-A X A T i  F Â THR  H  l-r5t) 

5-OTOO-

PRESCRIBcD HCAD TCLuFANCE  « 

X—  1 

APPLY  2 STEP ITERATIVE  SCHEME 

0.20 

AQUIFER  PROPERTIES 

FORCHHEIMER COEFF.  A  10.0000 

FORCHHEIMER COEFF.  B  fl  20.0000 

CRITICAL  FLOW VELOCITY if   0.0125 

GRAVEL  PACK PR .TP ER TIES 

1.0000 COEFFICIENT A It 

-e05-FFi ei-3NT— 

CRHICAL VELOCITY  H  0.1250 

-eQE-F-f-ieî N-T-K:-«  OvSOijlJ 

THICKNESS OF PACK H 

RADIUS OF PACK # 

0.50 

I.CO 

S:nFEN NO. BASE  HEIGHT 

C.O 

DISCRETISATION  DATA 

LENGTH 

50.00 

IDENTIFICATION  OF ELEMENTS - NODE CONNECTIONS 

EL EM NO NGDEl NODE 2 N0L)E3 REPf-TITION N'iMBEP 

10 
11 
12 

-tt-

15 
16 
-1-7-
13 
19 
20 
-21 
22 
23 
24 

6 
2 
4 

—6— 
10 
11 
12 
-11— 
12 
13 
16 
-17— 
li' 
17 
le 
-2 1  -

22 
22 
23 

-1-0— 

11 
12 
10 
-li  -
12 
11 
12 
-1-3— 
16 
17 
18 

17 
13 
21 

-22— 

23 
21 
22 
-25 — 

26 
-29— 

—2-
4 
6 
11 
-12-

13 
3 
5 

11 
12 
13 
-17-
13 
19 
17 
-ts-

22 
23 
-22-

23 
26 
27 
-2̂ 

1 
1 
1 
1 
12 
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26 
27 
23 
-29-
30 
31 
32 

-33-
34 
35 
36 
-3-T-
38 
39 
AO 

43 

-4-5-
46 
4? 
48 
4 9 
50 
51 
52 
53 

55 
56 
57 

59 
60 
61 

•~tifr 

63 
64 
65 

-66-
67 
60 
6 9 

—71)-
71 
72 
73 

75 
76 
77 

79 

26 
26 
29 
-30-
32 
33 
33 

36 
37 
38 
-3V-
40 
41 
42 

44 
45 
46 
-4-7-

49 
50 
51 
52 
53 
54 
55 

57 
5e 
59 

61 
62 
63 
64-
65 
66 
7 

—8-
8 
Q 
13 

14 
19 
20 
-23-
24 
27 
28 

31 

29 
30 
32 

—-32-
35 
36 
35 
37-
37 
39 
39 
41-
41 
43 
43 
45-
45 
47 
47 

49 
51 
51 
53 
53 
55 
55 
57 

—-57-
59 
5v 
61 
6̂1-
63 
63 
65 

-6-5-
67 
67 
13 
1-4-
13 
14 
19 
2t̂ 
19" 
23 
23 
27-
27 
30 
30 
3̂3-
33 

30 
27 
30 
-33-
33 
34 
36 
-36-
3B 
35 
40 
-40-
42 
42 
44 
-44-
46 
46 
48 
-4-3-
50 
50 
52 
52 
54 
54 
56 
56 
-58-
58 
60 
60 

62 
64 
64 
-66-
66 
68 

14 
15 
14 
-t5-

20 
20 
24 
-24-
20 
28 
31 

34 

"14 
15 
16 

18 
19 
20 

22 
23 
24 

26 
27 
28 
-29-
30 
31 
•ao 

-53-
34 
35 
36 
37 
38 
39 
40 
41 
--42-
43 
44 
45 
-4-6-
47 
48 

--50-
51 
52 
53 
-54-
55 
56 
57 
~5ir 
59 
60 
61 

63 
64 
65 

67 

NODE DATA 

-N f30£— li-̂CtKiRD-

l 
-2 

3 
4 
5 

-ti 
7 
8 
9 

-l̂)— 
11 
12 
13 
-1-4— 
15 
16 
17 
18— 
19 
20 
21 
-22  — 

23 
24 
25 
-26— 
27 
28 
29 
-3tr— 
31 
32 
3 3 
34— 
35 

-0.50 
C.-50-
0.50 
0.50 
0. 50 
Oi50-
0. 50 
0. 50 
0.50 
0-.6i»-
0. 60 
0 . 60 
0. 60 
0.-6U-
0.60 
0.75 
0,75 
Ov75-
0.75 
0.75 

0-.97-
0.97 

1. 31 
1.-31 
1. 
1. 31 
l.a2 
1.«2 
1. •?2 
2.3a 
2.58 
2.5S 
3. 72 

0.0 

6.94 
10.40 
13.E7 

?0.f]l 
31.21 
41.61 
—0;0~ 
6. M 
13.B7 
20. :jl 
-Ti l v21-
41.62 
0 . 0 
6. ?4 

-i-3 î'l-

20. 31 
41. u3 
0.0 

2C..U 
4 1.63 
o.-:> 

-1 C;40 
20.31 
41.64 
0.0 

i-
41.65 
0.0 
20.81 
-41.66-
C.O 



^ 3.72 I . 
37 0.0 • Q^ 
39 7.V9 0.0 
AO 7.99 41.77 
41 11.53 -J.O 

-4? i 1V iJ ̂  1 
43 17.60 0.0 ' 
44 17.60 41.V5 
45 26.25 0.0 

-46 47 39.22 0.0 48 3«̂ . 22 42.34 49 5a.69 0.0 
-5t) .-69 6-6 — 51 87.6i? 0.0 52 87.fl8 43.13 53 131.67 0.0 54 131.67 43.77 55 197. 35 0.0 
56 197.35 44.65 
57 295. 83 0.0 
58 2«5.t3y 45.79 -5-9 441.67 — 60 443.67 ¿tr.20 
61 593.67 C.O 62 5'?3.67 45.31 -6-3 67 9v-^l C. 0 64 67°.21 4B.S2 65 307.33 0.0 66 807.53 4'-). 42 -6-7 ^-00 CTi f) 0 —CT V 0 63 1000.00 50.00 

TOP BOUNDARY NCJDF-S AND RADIAL COÔ aHNATES. 

-weei-NyMBfift ;—̂  R—et'd î>i«i:T-r 

9 . 0.50 41.61 — ^-0v60 2-
24 0.97 ya 1.31 '^l ,4? — — — - — — 
34 .2.5.3 41.66 

-M) 4 2 11.P3 -«4 44 17.60 
— — — 

To . 58.69 ;^2.66 
5? rC ^3.13 ^ 131.67 '^3.7/ 54 

-56 -1^7v-35 — — f^'^T 
l a H i ' m^i —— -—-^ iq^ 807.53 1000.00 50.00 

-trt — ——iTiVi-ZT 
66 . 807.53 49.4/. 
6 8 " " 

NODES OF PLtXlBLb Z-C3GRnl NATIES 
i-5 20 — 4̂ 1̂8 3-4 Sir 

38 40 42 44 46 43 50 

ELhHEMTS OF VARIABLE SHAPE ARE NUMBER 30 TO 79 

PRESCRIBcO NODtS AND HEAD VALUES 

NODE PRESCRIOED VALUFIS 

1 10.000 
2 IC.OOC 
4 10.40 3 
5 13. J7C 6 17.33-: 20 ; 80 5— 8 3 1.206 

67 50.ore 68 50.000 

LENGTH OF GROSS VtCTCR ^ 304 

c i: A 4cA Vi A A * ̂c « if- A >! -y A V '}= 1« 
Ji Tr« n V"l IM TM-' K-Ll 10.00 -f 

NUMBER OF ITiTRATIONS «FU'JlF.tD « 

TOLERANCE COUNTER Ffl=: H'JAD i! 0 
iBlB.SOLUTb MAXIMUM uKKOÎ  T-i Hi:AD « 
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R-CaOP.OINATb" Z-CODROINATF. Hi;AO vAi.ue 

1 
2 

6 
—7" 
0 <? 

10 
-w-

12 
13 
14 
-i-tj-
16 
17 
18 

?f) 
¿1 
27. 

25 
26 
-2-T-
2C 
29 
30 

32 
3 3 
34 

36 
37 
35 
39 
40 
41 
42 
43 

45 
46 
47 

— 

49 
50 
51 
-52-
53 
54 
55 
-«r 
57 
58 
59 

61 
62 
63 
-tr4-
65 
66 
67 

0.50 
0,J0 

0«50 
0 .SO 
0.50 

—it, -JÜ -
Ü .50 
0.50 
0.60 

—0 . 60 -
0.60 
0 .60 
0.60 

—O-itii)-
0 . •/ 5 
0.75 
0.7 5 

—0-i7-5-
0.75 
0.97 
0.97 

0.97.1.31 

1 .31 
Iv31-
1. J1 
1 .82 
1.82 

—-l-.t;2-
2.58 
2. 58 
2.58 

 ̂ 3.-7-2-
3.72 
5.43 
5.43 
7.99 
7.99 
11.33 
11.83 
17.60 

26.25 
26.25 
39.22 

— 

50.09 
5a. 69 
87. öS 

— 

131.67 
131.67 
197.35 

295.3Ö 
295.88 
443.67 

593.67 
593.67 
67".2I 

807 .53 
807.53 

0.0 
3.47 

—6  'i— 
10.40 
13 . i, 7 
17.34 
"2u.ei- -
24.7 0 
2K.60 
0.0 

— 6.-'4-
l3.ü7 
20.6 1 
2 4.70 
-2ii.t>0~ 
0 .0 
6.94 
13.<:7 

2ii. 64 
0.0 
10.40 
-20itrl— 
2S .66 
0.0 
10.40 

2 9. ;c 
0.0 
20.81 
-30r60— 
0.0 
20.El 
31.10 
—OvO 
31.72 
0 .0 
33.26 
0.0 
34.62 
0.0 
35.67 
0.0 

'3-7-iÔ-
0.0 
30.32 
0.0 

-39v60-
0.0 
40.94 
0.0 

0.0 
43.66 
0.0 

1000.00 

0.0 
46.28 
0.0 

0.0 
4B.43 
0.0 
0.0 
49,37 
0.0 

lî.oono 
10.ooon 

ot>r)'>— 
10.-K075 
1 3. .•j7r.3 
1?.34:2 
¿'u.-öt6-l — 
24.70̂ 9 
2e. 
10.0548 
10.4041— 
14. i;J63 
2 0.VU6 
24. •(6"3 

— 
in. 2051 
11.0477 
14. 75 66 

2tJ. 64 50 
3636 

12. 1:̂7 24 
21. 1-9 24--
2a.66 11 
14.1S75 
17. 47 65 

— 

17.d053 
2 5.1100 

21.62 54 
27.43̂ 5 
31.0971 
25i-t46t)— 
31.7ia7 
28.04 24 
33.2618 
30.6904 
34.6167 
33. 1203 
35. 870) 
35. 34 05 

——37-.-00 67— 
37. 3474 
38.3172 
39. 1413 
3̂.-59-->2— 
40.7599 
40. 93 57 
42.2432 

:  42.-/£9<i9— 
43.6301 
43.6572 
44. «J797  

46.2734 
46. 2311 
47.5414 
47v541-!?— 
43.434d 
43.4343 
43. <<436 

0.00OS 
o.nor-s 

-  —0̂ 00 0 5-
0 .HOC 5 
O.OOOS 
.OC05 
0.0-''C5-
0.O0 0 5 
0 .r):̂c.5 
0.0̂ 0 6 
n.oo06--
0.CC06 
o.nc('6 
0 .C';06 

0.0007 
0 .00C7 
O.OCC? 
o-.-oce-7-
0.0007 
G.GOlO 
0.0010 
fV.oOitr-
0.00 10 
o.or-13 
0.(̂ 013 

0 .OC 13 
O.OCIB 
O.OOlî 
0-.('0-l-f-
o.ro26 
C .00 26 
0.00 26 

0.G037 
0.0054 
0.0054 
0.0080 
0.00 80 
0 .C 11« 
0.0118 
0.0176 
0-;-Oir6-
0.0262 
0 ,0262 
0,03Q2 
OvO-3v2-
0.0537 
0.0587 
0 .0879 

49.3646 
3651 

50. 0000 

0.1317 
0.1317 
0.1974 

0.29 59 
0.29 59 
0 .4437 

0.5937 
0.5937 
0.6792 

0.8075 
0.30 75 
1 .0000 
-lr:i0i>00-

n. 

c.  — -

•.  V 4 

O.-'̂iM 

0.57 It 

--1r. I 3  — 
0.27 / 4 
0. tlol 
0. 

—0 i  • 

0. L 
0. 27 y4 

- -0.4 161 - -
0.5729 
0.0 
C.20il 

- - 0 .-•'̂-i61 — 
0.5772 
0.0 
0.20̂ 1 

--•̂.-̂161 
C.O 
0.4161 

— 

0.0 
0.'̂l61  I 
0.621̂  ; 
0-7 fi 
0.6 344 
0.0 
0.6652 
0 .0 
0.692 3 
0.0 
0.7174 
O.n 

—orr t̂t— 
o.n 
C.7 663 
0.0 

—t>-.-T'-2f 
0.0 
0.3137 
0.0 

—r>TI?4-tfP— 
0.0 
0 .3731 ̂ 
0.0 

— 

C .0 
0.9256 
0.0 

—Or->5t3f 
0.0 
0.963 7 
0.0 
-n-rrttj-̂ 
0.0 
0.9873 
0.0 
-l-rCüOCr-

-f RirE-SURF-Ae-3-fM)S--I TuN 

RADIUS SURFACE HEIGHT 

0.50 
0.60 
0.75 

1.31 
1.32 
2.58 
3v72-
5.43 
7.99 
11.83 

26.25 
3S.22 
5?.69 
8-7̂8t3-
131.67 
197.35 
295.38 
—44-3T/!y?-
593.67 
679.21 
807.53 
1000.00 

28.5954 
25.6022 
28.6450 
-2av7i6i-i-

30.5988 
31.0971 

33.261« 
34. 6167 
35.3701 

3?.3172 
39.59 92 
40.9 357 

43.6572 
44.9863 
46.2Ü11 

4ß.4 343 
43.U444 
49.3651 
50.COOO 

SURFACE TOLERANCE CÜUMTER M 

MAXIMUM ERROR OF SUP FACE HEIGHT 
0.0789 
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ELEM NO, KAOIAL VHL VF-RTIC VEL IDÄRCY 

8 
9 
10 
-i-l-
12 
13 
lA 

16 
17 
18 

20 
21 
22 
-23-
24 
25 
26 
-27-
28 
29 
30 
-̂ir 

32 
33 
34 
-35-
36 
37 
33 

40 
41 
42 

44 
45 
46 
47 
43 
A9 
50 
51 
-5-2-
53 
54 
55 
-btr 
57 
53 
59 

61 
62 
63 

65 
66 
67 
-ótT 
60 
70 
71 
-72-
73 
74 
Y 5 
-76-
77 
70 
79 

-C. 030 
-C.264 

-C. 171 
-C.7'33 
-0.151 
üi-204— 
-C.213 
-0.078 
- C, 0¿í6 

-C. 2 50 
-C.2V6 
-0.257 
C-i-C-V?— 
-0.063 
C. O] 2 
-C. 053 
—0-.-281  
-0.259 
-0.543 
-0.613 
—̂iùìrò  

-0. 342 
-C.390 
-C. 425 
—0-.-25Ó  
-C. 310 
-C.214 
-O.216 
—0.-03  ̂
-O, 139 
-O.134 
- C.067 
-r.038— 
-0.04? 
-G.057 
-C.028 
—e.-<'36— 
-C. C19 
-0.022 
-C. 013 
-e-.-tri-s— 
-C.OlO 
-C. 0Q'\ 
-O. Oí) 7 
-C. C05 
-C. 005 
-r.003 
-C. C 03 
-0.CÛ2 
---C.V02— 
-C.001 
-0.001 
-C.COl 

-C.COl 
-C.OOl 
-o.ooc 
---CíÓCO  
-c. cno 
-0.003 
-c.uoo 
-=--f i-OCO— 
-O.O?!̂-
-0. 04 7 
-C.Ù47 
—Ovt ÔO— 
-C.07Ó 
-O.OO"̂ 
-C.0 35 
— C. 053— 
-0.019 
-0. 342 
- C. 030 
---ÜT2t>í>— 
-C.053 
-C.214 
-0.0 3?. 

0.0 
-0.00 3 

-0.004 
-C.0 22 
-0.07 3 

-C.0Ó9 
-0.032 
-0.00 4 

-Ü.0Ó4 
-0.00 8 
-0.035 

-0.011 
-0.04? 
-O,077 

-0.Ö52 
-0.012 
-0.036 
— OvOi-4— 
-C.032 
-O .018 
-0.019 

-0.022 
-0.020 
-0.019 
0v033-
-0.016 
-0.016 
-0.014 

— .̂-e-13-
-0.010 
-0.010 
-0.007 

—Ot<-0-7-
-0.00 5 
-0.00 5 
-0.002 

-0.001 
-0.001 
-0.000 
-o.oro 
-0.000 
-0.000 
-o.ooo 
-c.ooo 

—-v.-ooo-
-c.ooo 
-o.ooo 
-0.000 

—-ü-.-t:00-
-0.000 
0.000 
c.ooo 

-u.000 
-0.000 
-0.000 

—f>.-e-
-0.0. 1̂ 
-o,0 3̂ 
-r.0 3̂ 

_ o ̂ (- - A 
-0.00 4 

-—0.0-1— 
-0.0 1̂ 
-0.0 56 
-0.002 

— -

-0.04 9 
-c.r 3? 
-0.0 33 

o 
o 
o 
o 
o 
o 
o 
o 
-0-

0 
o 
o 

-0-

0 
o 
o 
-O-
0 
O 
O 
"0-

-Tt3 T-At- OIS OH AR G e- i frTu- T HF—.Vtlrt— O v >i 7 03" 
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* S T i ^ O Y S T A T F T Y P ' l C U a V = + 

L A M B D A O . O O O Ò 

-NÌM3L--ÌNÌWÌB-ER- -R-e-Gt^R-d 1 M A ^ i -

7 
R 
9 

10 
1 1 
12 
1 3 
1 4 

-1-5-
1 6 
17 
18 

2 0 
2 1 
22 

- 2 3 -
2 4 
2 5 
2 ó 

- 2 7 -
2 3 
2 9 
3 0 

- 3 1 -
3 2 
3 3 
3 4 

3 6 
3 7 
3 3 

- 3 9 -
4 0 
4 1 
4 2 

- 4 3 -
4 4 
4 5 
4 6 

4 8 
4 9 
5 0 

- 5 1 -
5 2 
5 3 
5 4 
j j 
5 6 
5 7 
5 fi 

60 
6 1 
62 

- 6 3 -
6 4 
6 5 
6 6 

-67 -
6 a 

0 . 50 

0 . 5 0 
0 . 5 0 
0 . 5 0 

0 . 5 0 
0 . 5 0 
0 . 5 0 0.60 
0 . 6 0 
0.60 
0.60 
0.60 
0 . 7 5 
0 . 7 5 
0 . 7 5 

-0^7-75-
0 . 7 5 
0 . 9 7 
0 . 9 7 

0.97.1.31 

1 . 31 
-1-.-B1-

1 . 3 1 1. 82 
1 . 8 ? 

"lirò^r 
2 . 5B 
2 . 5 B 
2 . 5 8 

- 3 v 7 - 2 -
3 . 7 2 
5 . 4 3 
5 . 4 3 

7 . 9 9 
1 1 . >>3 
1 1 , G 3 

— — i - 7 - . 6 a — 
1 7 . 6 0 
2 6 . 2 5 
2 6 . 2 - 3 
- 3 9 v 2 2 — 
3 ^ . 2 2 
5 « . 6-3 
5 8 . 6 ^ 
f i 7 T « P — 
5 7 . e a 

1 3 1 . 6 7 
1 3 1 . 6 7 

35 
29 5.P.Ì5 
2 9 5 . bf^ 

— 

4 4 3 . 6 7 
59 3 . 6 7 
5 ^ ^ 3 . 6 7 
ó / o - 2 i 
6 7 ' > , 2 1 
r e 7 . 5 3 
b O T . 5 3 

- l f ; ' . ) 0 v 0 0 — 
1 e o o . 0 0 

0 . S 0 9 8 Ì 0 1 
- d v t 5 0 9 8 i r - ' 0 t — 0. 01 

0 . 8 0 7 0 ? ^ 0 1 
O.'Ii'óó''. 0 1 

- in-7-4-2 0 ^ 0 - 1 — 
0 . 6 ? 7 4 r : 0 1 
0 . 6 3 7 5 ' : 0 1 
0 . 5 6 7 7 E 0 1 
0 . 8 0 O 5 L - 0 1 
0 . 6C70 ' - : 0 1 
O . n S l r . 0 1 
0 . 6 9 6 0 ti 0 1 
0 . 6 3 6 5 ^ ' 0 1 

-C ; - 5ò -7 5 f r - 0 1 — 
0 . 8 D ; : 4 Ì - 0 1 
0 . B 0 2 4 E 0 1 
0 . 77 01t'; 0 1 

0 . 5 6 6 7 [ i 0 1 
0 . 8 0 7 3 6 0 1 
0 . 7 3 7 7 ' : 0 1 

0 . 5625.- : 0 1 
0 . 7 7 5 6 ! : 0 1 
0 . 7 4 0 5 h 0 1 

- - e . 6 i , -2-vr : -o t — 
0 . 5 4 1 9 L - 0 1 
0 . 7 3 6 6 t 0 1 
0 . 6 3 0 e P 0 1 

0 . 69 5'3F 0 1 
0 . 51'951: 0 1 
0 . 5 1 7 3 L 0 1 

- t i i - 6 - 3 0 2 f - - o i -
o . s o - ' a i 0 1 
0 . 57 82Ì-: 0 1 
0 . 4 7 f ^ 3 : : 0 1 

— í . ^ . - p 2 5 f h - t ) l — 
0 . 4 3 9 2 ' : 0 1 
0 . 4 7 34 0 1 
0 . 4 0 9 4 ' - 0 1 

- 0 . - 4 ? - 2 1 : t - J l -
0 . 3 7 9 3 ' : 0 1 
0 . 3 7 2 9 Ì 0 1 
0 . 3 4 = ^ 2 : 0 1 

— 0 . 32 6 o ^ r - 0 t - -
0 . 3144«- ' 01 
0 . 2 c M 0 = 0 1 
0 . 2 T i n i 0 1 

0 . 2 3 9 M r 0 1 
0 . 2010b- 0 1 
0 . 2C04 'J 0 1 

i — 
0 . L 6 0 7 c ' 0 1 
0 . 1 2 0 9 : : 0 1 
0 . 1 2 Ori - 0 1 

— 0 . 
00 

0 . 3 r - : 9 > - 0 0 
0 . 5 2 C 0 . : o n 

-0.-3t^fTTr.—f>0-
n . 3 - . 5 4 c 0 0 
0 . 2 1 3 0 - 0 0 
0 . 2 1 2 9 t 0 0 

- 0 . 0 — — — 
0 . 0 

0 . 5 0 0 r " t - r - l 

0 . 5 C 0 0 r - r > 3 
0 . 5 0 0 C r - 0 3 
0 . 5 0 0 0 ^ - ^ 5 

0 . 5 0 0 C E - ^ 3 
0 . 5 e o e : - 0 3 
0 . 5 0 0 C ' - - 0 3 
0 . 6 e o o - - 0 3 
0 . 6 C C C r - C 3 
0 . 60nr . . : - -n 3 
0 . 6 ( ' 0 C r - r > 3 
0 . 6 G O r . ; - G 3 

- t i T ó o o r ^ - ' ^ 5 -
0 . 7 5 r 0 ' : - 0 3 
0 . 7 5 0 C E - ^ 3 
0 . 7 5 0 0 F - 0 3 

0 . 7 5 0 C = - 0 3 
0 . ^ 7 5 r r - C 3 
0 , 9 7 5 0 : ' - 0 3 

- c v : ^ 7-5 0 3 -
0 . 9 7 5 C ! : - 0 3 
0 . 1 3 1 2 - - 0 2 
C . l 3 1 2 ' - : - ' ^ 2 

- f r v 1 31 • 
0 . 1 3 1 2 : - 0 2 
o . i a i ^ : - 0 2 
0 . 18 1^^5-02 

0 . 2 5 7 8 : : - 0 2 
0 . 2 5 7 c ' : - 0 2 
0 . 2 3 7 C r - 0 2 

0 . 3 7 17 . ? - ' >2 
0 , 5 4 2 6 " — 
0 . 54 2 6 ' ^ - 0 2 

0 . 1 1 8 3 : ^ - ^ 1 
0 . 1 10 3 - - 0 1 

- 0 . -
0 . 1 7 6 C " - n i 
0 . 2 6 ^ 5 r - ( . l 
C . ? 6 2 5 ' - - r ; l 

-

0 . 3 ^ ^ 2 2 : ' - ' - I 

- f t . - - 7 V-
1 

0 . 1 3 1 7 " 0 - ' 
0 . 1 3 1 ' " : 0 0 

O . l ' - V / ^ - 0 0 

- O ; 4437-'^ 
0 . 4 4 J 7 : 
0 . ^ 9 3 7 ^ 
0 . 5 9 3 7 -

O.) 
0-J 
nr. 
Oi j 

0.6 
0 . ' 0 7 3 ^ 
O . t 

"1 

0 ' » 

01 



f"; .'r.Lf'M NiJMin-R  4  2 

GHMcRAL IfJPUT 'JATA 

—R-AO i »IS-Or- WL-1 -t - -  rf  -1. 0 Ô  

'tXTcRNAL KADIUS  H  ICOO.CO 

—ttt-i  F-W AT eR--Tp-Af -f-X Tit'.ivl AL- R A01 « S-

INITIAL  SATURATUP THICK.NLSS  OF AQUIFf-R 

—tiVER-R EL-AX AT i fJN -f AC TCP,— ̂  1 ̂ 50 

PRESCRIBED HE  TOLiiRANC!-:  U  0.20 

GĴA-VEÎ-PACK—I:NDL-X—W  O — 

-50-r00-

H 50 .00 

lOIL 

APPLY  2 STiP ITERATIVE  SCHEMC 

20.00 

AQUIFER  PRPPERT! 

" FORCHHEIMER CHuFF.  A  if 

E 5 

1 .0000 

FORCHHF.IMEk COEFF. B  d . 

CRITICAL  FLOW VELOCITY  U 

2.0000 

0. 1250 

S:REFN NO. BASE  HEIGHT LENGTH 

30.00 

DISCRETISATION  DATA 

IDENTIFICATION  OF CLEMENTS - MODE CaNNtCTJONS 

ELEM NO MOD El NO or 2 NODE 3 PEPETITION N'JMBZP. 

-m-
n 
12 
10 
-li-
12 
11 
12 
-1-3-
16 
17 
13 
-t6-

17 
IS 
21 
-22-
23 
21 
22 
-25-
26 
25 
26 
-2'r-

29 
30 
32 
-32-
35 
36 
35 
-37-
37 
39 

43 
43 
-45-
45 
47 
47 

49 
51 
51 
53 

55 
55 
5f 
-57-
59 

61 

63 
63 
I i 
-14-
13 
14 
19 
-2t)-
19 
23 
23 
-27 
27 
30 
iO 

2 
3 
4 

— 

6 
7 
8 

—9-
10 
11 
12 
-1-3̂-
14 
15 
16 
-iir-
18 
19 
20 
-'¿l-
22 
23 
24 
-25-
26 
27 
28 

30 
31 
32 

34 
35 

36 

38 

40 

42 43 
44 

46 
47 
4iJ 
49 
50 
51 
52 
53 

55 

It 
59 
60 
61 
-6-2— 
63 
64 
65 

67 
63 
69 
-TO— 
71 
72 
Y J 

3 
5 
2 

—4-
6 
2 
4 

— 

10 
11 
12 
-1-t-

12 
13 
16 
-17-
18 
17 
16 
-Z-ir 
22 
22 
23 
-25-
26 
26 
29 
-30-
32 
33 
33 
-55-
36 
37 
3Ô 

40 
41 
42 
-4-i-
44 
45 
46 

4a 
49 
50 
51 
52 
53 
54 
55 
56 
57 
5ii 
59 
oO 
61 
62 
7 

8 
9 
13 
I'r 
14 
19 
20 
¿i 
24 
¿7 
28 
JifV 

4 
6 
11 
-1:2-
13 
3 
5 

11 
12 
13 
-17— 
15 
19 
17 
TS— 
19 
22 
23 
-22— 

23 
26 
27 
-26— 

30 
27 
30 
-33— 
33 
34 
36 
-36— 
33 
30 
40 
-41V~ 
42 
42 
44 
-44— 
46 
46 
43 

— 

50 
50 
52 
52 
54 
54 
56 
56 
Srt— 
5« 
60 
60 

o2 
64 

—  ̂ — 

14 
15 
14 
-15 " 
20 
20 
24 
-24— 

2.} 
31 
•il-

9 
10 
-t-1-
11 
12 
12 
-1-3-
14 
15 
16 

Ifl 

20 

22 
23 
24 

26 
27 
2B 

30 
31 
32 
-33-
34 
35 
36 
37 
3« 
39 
40 
41 

43 
44 
43 
-46-
47 
4B 
49 

51 
5? 
53 
-54-
55 
56 
57 
-58-
50 

60 
61 
-6? 
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NODE DATA 

-NOrO 

1 
-tr 
3 
4 
5 
—tr 
1 
8 
9 

-lo-
1 I 
12 
13 

15 
16 
17 
-ir8-
19 
20 
21 
-2̂2-
23 
24 
25 
-̂iy 
27 
28 
29 

31 
32 
33 
-34-
35 
36 
37 
-iĴ-
39 
40 
41 

43 
44 
45 
-4-6-
47 
48 
49 
-5̂0-
51 
52 
5 3 
54 
55 
56 
57 
58 

60 
61 
62 
-6-3-
64 

1.00 

1.00 
1.00 
1.00 
-troir-
1.00 
1.00 
1.00 

1. 30 
1. 30 
1.30 

1. 30 
1.75 
1.75 
-t-.-75-
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47.70 
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49.56 
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44 
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-43 
50 
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- ii— 
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7?.. 25 
11?.17 -
175.56 
263. 14 
394.50 

694. 

f. 5 5.2 V 
—-leOO vt 0 — 

40.41 
-40-i 4 4— 
4-).45 

/»n 
-

40 .'JÏ 
4 O . f> 5 
40.76 

4 Ì . 1 5 

41 

4 3.56 

46.31 
~4"i -. 7 0 
4rs.7 5 
49. Î I 
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1.00 
-l-;t>0-
1.00 
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2.42 
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— 
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7t,.25 
117.17 
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26 J.14 
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7 53.32 

855.29 
855.29 
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43.60 36 
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FIGURE 24; MESH GENERATED FOR SAMPLE PROBLEMS 
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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 TRCONl, 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: 

(i) a reformatted playback of input data; 

(ii) the generated discretisation data, which, 

consists of connections of elements, nodal 

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) tables 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 

iteration 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 l/w = 4Kt/rS'5 and 

values of the well function WCu) = 4/rKKoS/a, 

where s = K^ - K ) 
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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 TRCONl and 

TRC0N3, the punched cards may be added to the input data deck to rerun 

the program from time step number 10 onwards. 
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FIGURE 25: INPU T DATA FORM FOR TRFREE 

COMPUTER DATA SHEET 
PROGRAM TRFREE By 

COMPUTER DATA SHEET 
Transient, free surface flow 

Date 

Specification Card 

NPROB IVE L  IDISCR ORELA X  
(3110, F10.2) 

1 1  1 
(3110, F10.2) 

Problem Data Cards 

RW R O  HO T H  HTOL 
(5F10.2) 

1 1  ! I  1 
(5F10.2) 

QFIX RCSN G QRTO L  
2) 

1 

1 1  1 \ (.¿FlU .  2) 

AK B K  VCR S S  SY DINDEX 

IGP I  BOUND IWB C  NSTEP 
(4110) 

BGP VG P  THGP BTG P  

1 r  1  1  1  1  
(Omit this card if IGP = 0) 

NTICR ITST TFACTR TMUL DTMUL 

r i  1  1  1  J  

FRLEN SCFAC XLMAX I REG NMIN 

1 1  J  ̂  ̂  

(5F10.3) 

(2110, 3F10.2) 

(3F10.2, 2110) 

NDSC NSCRE N  
(2110) 

XSCR HSC R  

(2F10.2) 
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FIGURE 26: COMPLETED FORM FOR SAMPLE PROBLEM 

COMPUTER DATA SHEET 
PROGRAM TRFREE By P. Huyakorn 

Transient, free surface flow Date 14/12/73 

Specification Card 

0 nn .qn.oo 

NPROB IVEL IDISCR ORELAX 
(3110, F10.2) I 1 0 1 1 1 ,00 1 (3110, F10.2) 

Problem Data Cards 

RW RO HO TH HTOL 
(5F10 ! 0.50 1 1000.00 ! 50.00 50.00 1 0.20 (5F10 

QFIX RCSNG QRTOL 
(3F10. . 2 ) 1 1 no on 1 i n.ni ! (3F10. . 2 ) 

AK BK VCR SS SY DINDEX 

1 0.10E02 1 0.20E02 1 0.60E-01 1 0.1 OF.-04 1 0 90F00 1 O.OOEOO 

IGP I BOUND IWBC NSTEP 
(4110) 1 0 ! 0 0 1 2 1 (4110) 

AGP BGP VGP THGP BTGP 
(5F10. 1 ! 1 1 1 1 (5F10. 

(Omit this card if IGP = 0) 

NTICR ITST TFACTR TMUL DTMUL 
— „ „ 1 (2110, i 1 0 1 1 1 100.00 1 2.00 1 0.00 1 (2110, 

LLI 

FRLEN SCFAC XLMAX I REG NMIN 
(3F10. 

L 0 30 1 1 - SO 1 150.00 I 2 2 
(3F10. 

L V t W 

NDSC NSCREN 
(2110) 1 11 1 1 1 (2110) 

XSCR HSCR 

(2F10.2) 



* FINITE fcLEMKNT SOLUTION OF * 
« * 
«  TRANSIENT,TWO-REGIKf:, FREF. SURFACE FLOW.  * 

110. 

ijc A jj. • ̂ Îf: «  ijc • 1): • 1«: «C « <1 «Î • 

• PRGBLC-M NUMBER # 1 • 

GENERAL INPUT DATA 

RADIUS OF HELL  U  0.50 

EXTERNAL RADIUS  »  1003.00 

INITIAL HEIGHT OF WATER TABLE  U  50.00 — 

INITIAL S/TURATEO THICKNESS OF AQUIFER  H 

-OVER-RELAXATION FACTOR  # - -1.00 -7  — 

PRESCRIBED HEAD TOLERANCE  »  0.20 

PRESCRIBED WELL DISCHARGE  #  100.00 

DISCHARGE TOLERANCE RATIO  it  0.010 

50.00 

AQUIFER PROPERTIES 

FORCHHEIMER COEFF. A  10.0000 

FORCHHEIMER COEFF. 8  #  20.0000 

CRITICAL FLOW VELOCITY  #  0,0600 

SPECIFIC STORAG€  H O.lOOE-04 

SPECIFIC YIELD  if0.200E 00 

RECIPROCAL OF DELAYED INDEX  # 0.0 
GRAVEL PACK INDEX  #  0 

BOUNDARY INDEX 

HELL B.C. INDEX 

-0 

ADOPT 

SCREEN NO. 

U  1 

2 STEP FRCt SURFACE ITERATIVE-SCHEME 

BASE HEIGHT 

0.0 

LENGTH 

50.00 

DISCRETISATION DATA 

IDENTIFICATION OF ELEMENTS 

ELEM NO NOOEl 

NODE CONNECTIONS 

N0DE2 N0DE3 

-I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

-1 
3 
5 
7 
9 
2 
4 
6 
8 
10 
2 
4 
6 
8 
10 
16 
17 
18 
19 
20 
17 
18 
19 
20 
21 
26 

ÎÎ 
29 
30 
27 

16 
17 
18 
19 
20 

it 
18 
19 
20 
17 
18 
19 
20 
21 
26 
27 
28 
29 
30 
26 
27 
28 
29 
30 
35 
36 
37 
38 
39 
35 

2 
4 
6 
8 
10 
17 
18 
19 

-20 
21 
3 
5 

—  7 
9 
11 
17 

-18 
19 
20 
21 
27 
28 
29 
30 
31 
27 
28 
29 
30 
31 
36 

REPETITION NUMBER 

" I 
1 
1 
1 

- I 
2 
2 
2 
- 2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
7 
8 
9 
10 
11 
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32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
-66 
67 
68 
69 
-70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
no 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 

28 
29 
30 
35 
36 
37 
38 
36 
37 
38 
39 
43 
45 
44 -
46 
44 
46 
50 
51 
51 
52 
55 
56 
56 
59 
60 
62 
63 
63 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 -
75 
76 
77 
78 
79 
80 
61 
-82 
83 
04 
85 
86  -
87 
68 
11 
12 -
13 
14 
12 
13 -
14 
15 
21 
- 22 
23 
24 
22 
23 
24 
31 
32 
33 
32 
33 
34 
- 39 
40 
41 
40 
41 
47 
48 
48 
49 
52 
53 
53 
57 
58 
60 
61 

36 
37 
38 
43 
44 
45 
46 
43 
44 
45 
46 
50 
51 
50 -
51 
51 
52 
55 
56 
55 
56 
59 
59 
60 
62 
62 
65 
66 
65 
67 
67 
69 
69 
71 

 ̂

73 
73 
75 

—7 5 
77 
77 
79 
Y9 
81 
81 
83 
-63 
85 
85 
87 
87 
89 
89 
21 
22 
23 
24 
21 
22 
23 
24 
31 
32 
33 
34 
31 
32 
33 
39 
40 
41 
39 
40 
41 
47 
48 
49 
47 
48 
52 
53 
52 
53 
57 
58 
57 
60 
60 
63 
63 

37 
- 38 
39 
36 
37 

- 38-
39 
44 
45 

- 46 -
47 
44 
46 
-51 
52 
45 
47 
51 
52 
56 
57 
56 

—60 -
57 
60 
63 

- 63 -
64 
66 
66 

-  68  -

68 
70 
70 

-72 
72 
74 
74 

- 76 -
76 
78 
78 

— 8 0 
80 
82 
82 

-84-
84 
86 
86 

—  88  -

88 
90 
12 
13-
14 
15 
22 

- 23 
24 
25 
22 

- 23 
24 
25 
32 
33 

34 
32 
33 

-  34 
40 
41 
42 

- 40 
41 
42 
48 
49 
48 
49 
53 
54 

- 53 
54 
58 
58 
61 
61 
64 

12 
13 
14 
15 
15 
15 
15 
16 
16 
16 
16 
17 
17 
18 
18 
19 
19 
20 
20 
21 
21 
22 
-23 
24 
25 
26 
27-
28 
29 
30 
31-
32 
33 
34 
35 
36 
37 
38 
-39 -
40 
41 
42 
43 
44 
45 
46 
47 -
48 
49 
50 
51 r 
52 
53 
54 
55 -
56 
57 
58 
59-
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
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NODAL COORDINATES 

NODE  R-COORO Z-COORD 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18  -
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 -
31 
32 
33 
34 
35 
36 
37 
38 -
39 
40 
41 
42-
43 
44 
45 
46 -
47 
48 
49 
-50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 -
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 

I? 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

0.50 
0.50 
0.50 
0.50 
0, 50 
0.50 
0.50 
0. 50 
0.50 
0.50 
0.50 
0.50 
0.50 

-  0.50 
0.50 
0.80 
0.80 

- 0.80 
0. 80 
0.80 
0.80 
0.80 
0.80 
o.ao 
0.80 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.92 
1.92 
1.92 
U92 
1.92 
1.92 
1.92 
1.92 
2.94 
2.94 
2.94 
2.94 
2.94 
2.94 
2.94 
4.46 
4.46 
4.46 
4.46 
4.46 
6.73 
6.73 
6.7 3 
6.73 
10.15 
10. 15 
10. 15 
15. 2Ö 
15.2U 
15.2Ö 
22.9T 
22.97 
34.50 
34.50 
51.80 
51. 80 
77.75 
77.75 
116.67 
116.67 
175.06 
175.06 
262.64 
262.64 
394.00 
394.00 
544.00 
544.00 

-  694.00 
694.00 
756.42 
755.42 
855.05 
855.05 
1000.00 
1000,00 

0.0 
2.00 
4.00 
6.00 
8.00 
10.00 
12.00 
14.00 
16.30 
18.00 ~ 
20.00 
27.49 
34.99 
42.49 
49.99 
0.0 
4.00 
8.00 -
12.00 
16.00 
20.00 
27.50  -
35.00 
42.50 
50.00 
0.0 
4.00 
8.00 
12.00 
16.00 -
2 0.00 
30.00 
40.00 
50.00  -
0.0 
5.00 
10.00 
15.00  -
20.00 
30.00 
40.00 
50.00- -
0.0 
5.00 
10.00 
15.00 -
20.00 
3 5.00 
50.00 
- 0.0  -
10. 00 
20.00 
35.00 
50.00 
0.0 
10.00 
2 0.00 
50,00 

0.0 
20.00 
50.00 
0.0 
20.00 
50.00 
0.0 
50.00 
0.0 
50.00 
0.0 
50.00 
0.0 
50.00 
0.0 
50.00 
0.0 
50.00 
0.0 
50.00 
0.0 
50.00 
0.0 
50.00 
0.0 
50.00 
0. 0 
50.00 
0.0 
50. ÜO 
Ü.0 
50.00 
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TOP BOUNDARY NODfS AND RADIAL COORDINATES. 

NODE NUMBER R-COORDINATE SURFACE  HEIGHT 

15 0.50 49.99 
25 O.GO 50.00 
3A 1.25 50.00 

1,92 50.00 
49 2.94 50.00 
54 4.46 50,00 
58 6.73 50.00 
61  - 10.15 ---  50.00 
64 15.28 50.00 
66 22.97 50.00 
68 34.50 50.00 
fQ 50.00 
72 77.75 50.00 
74 116.67 50.00 
76 175.06 50.00 
76 262.64 50.00 
80 394.00 50.00 
82 5̂ 4.00 50.00 
84 694..C0 50.00 
86 750.42 50.00 
gg 055.05 -  50.00 
90 1000.00 50.00 

NODES OF FLEXIBLE  Z-CODRDINATES 

12 13 14 15 22 23 24 25 32 33 
4Q 42 48 49  " 53 54 58 61 

64 66 68 70 

ELEMENTS OF VARIABLE SHAPE ARE NUMBER  58  TO  121 

LENGTH OF GROSS  VECTOR  »  654 

J(< Jii  i:  ««« J!« if «« " r - • 
*  TIME  STEP NÛ MBER   ̂ 1  * 

TIME  #  0.314E 00 * 
• ŷ+  3ic  -fr  1» • >ic  lic * <C * 

ESTIMATED RiiDIUS OF INFLUENCE  »  1000.00 

CORRESPONDING NO.  OF NODES 

CORRESPONDING NO. OF ELEMENTS  »  121 

CORRESPONDING COMPONENT OF  VECTOR NDVEC  #  22 

DISCHARGE  ITERATION  NUMBER  # 

HEAD INCREMENT  # 

HEAD VALUE  #  10.7 60 

NUMBER OF ITERATIONS REQUIRED # 2 

TOLERANCE COUNTER FOR HEAD  «0 

ABSOLUTE MAXIMUM ERRCR IM HEAD  #  0.0326 

DISCHARGE  FROM AQUIFER INTO WELL  »  136.3077 

DISCHARGE  FROM WELL STORAGE  H- 98.100 

TOTAL CALCULATED DISCHARGE  H 234.408 

RESIDUAL DISCHARGE H-  134.4076 

DISCHARGE  ITERATION  NUMBER  # 2 

HEAD INCREMENT  #  -11.492 

HEAD VALUE  #  38.508 

NUMBER OF ITERATIONS RLQJIRED  i 2 

TOLERANCE COUNTER FOR HEAD  #  0 

ABSOLUTE MAXIMUM ERROR IN HEAD  #  0.0629 

DISCHARGE  FROM AQUIFER  INTO WELL  if  70.8378 

DISCHARGE  FROM HELL  STORAGE  # 28.730 

TOTAL CALCULATEO DISCHARGE  # 99.568 

RESIDUAL OISCHARCC «  0.4325 



FREE SURFACE POS ITON 

RADIUS SURFACE HEIGHT 

114. 

0.50 
0.80 
1.25 
1.9? 
2.94 
-¡#.46 
6.73 

-  10.15 
15.28 
22.97 
34.50 
51.80 
77.75 
116.67 
175.06 
262.64 
394.00 
544.00 
694.00 
758.42 
855.05 
1000.00 

49.7747 
49.7562 
49.6002 
49.8202 
49.7673 
49.95 32 
49.8456 
49.9867 
49.9958 
49.9700 
49.999? 
49.9906 
49.9996 
49.9999 
50. 0001 
49.9993 
50.0000 
50.0000 
50.0000 
49.9999 
50.0000 
50.0000 

SURFACE TOLERANCE COUNTER  n 0 

-MAXIMUM ERROR OF SURFACE HEIGHT 0.0629 

• • 
• FINAL RESULTS OF ANALYSIS • 
• • -

NODE 

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

R-CDORD Z-COORD HEAD l/U W(U) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

—10 
11 
12 
13 

—14 
15 
16 
17 

-18 
19 
20 
21 

-22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

- 39 
40 
41 
42 
43 
44 
45 
46 

- 47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

0.50 
-0.50  -
0.50 
0.50 
0.50 

-0.50 
0.50 
0.50 
0.50 

- 0.50 
0.50 
0.50 
0.50 

-  0.50 
0.50 
0.80 
0.80 

- 0.80 
0.80 
0.80 
0.80 
-0.80 
0.80 
0.80 
0.80 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1 .25 
1.25 
1.92 
1.92 
1.92 
1.92 
1 .92 
1.92 
1.92 

1 .92 
2.94 
2.94 
2.94 
2.94 
2-94 
2.94 
2 .94 
4.46 
4.46 
4.46 
4.46 
4.46 
6.7 3 
6.73 
6.73 
6.73 
10.15 
10.15 
10.15 
15.28 
15.20 
15.20 
22.97 
22.97 
34 .50 
34.50 
51 .00 
51.60 

0.0 
2.00 
4.00 
6.00 
8.00 
10.00 
12.00 
14.00 
16.00 
18.00 
20.00 
27.44 
34.89 
42.33 
49.77 
0.0 
4.00 
ĝ QO 
12.00 
16.00 
20.00 

—27.4 4 
34.88 
42. 32 
49.76 
0.0 
4.00 
8.00 
12.00 
16.00 

-  - 20.00 
29. 86 
39.73 
49.60 
0.0 
5.00 
10.00 
15.00 
20.00 
29.94 
39.88 
49.82 
0.0 
5.00 
10.00 
15.00 
2 0.00 
34. SO 
49.77 
0.0 
10.00 
20.00 
34.97 
49.95 
0.0 
10.00 
20.00 
49.85 
0.0 
20.00 
49. 99 
0.0 
20.00 
50.00 
0.0 
49.98 
0.0 
50.00 
0.0 
50.00 

38.5081 0,4490E 05 6.4495 o f r» f> 1 3d.500 I 0.4490E Q5 ' 6.4 4 95 
38.5081 0.4490E 05 6.4495 
36.5081 0.4490E 05 6.4495 
38.5081 G.4490F 05 6.449 5 
-38.5081  -: 0.4490E 05  - 6.4A95 
30.5081 0.4490E 05 6.4495 
38.5081 0.4490E 05 6.4495 
38.5081 0.4490E 05 6.4495 

-  -38.5081  - 0.4490C- 05 6.4495 
38.5081 0.4490E 05 6.4495 
38.5081 0,4490E 05 6.4495 
38 .5081 0.4490E 05 6.4495 

-42.3109  - 0.4490E 05 -  -  -4.3153 
49.7747 0.4490E 05 0.1265 
39.9252 0.17 54E 05 5.6542 
40.1303 . 0.1754F C5 5.5391 

— 40.1276 0.l754n 05 -  5.54 06 
40.1516 0.1754E 05 5.5272 
40.188 3 0. 1754E 05 5.5065 
40.1218 0.17 54E 05 5.54f9 

-- - 40.4061 0.1754E 05 5.38 4 3 
40.9639 0. 1754E 05 5.0713 
44 .0891 0.1754F 05 3. 3173 
49.7562 0.1754F 05 0.1366 
41 .3020 0.7104C 04 4.8BI5 
41 .4919 0.7184E 04 4.7 7 49 
41.5108 0.7184G 04 4.7644 
41 .5530 0.7184E 04 4.7406 
41.6084 0.7184E 04 4.7096 
41.4543  - . 0.7184F 04 -  4.7<56l 
42.1400 0.7 1 8') E 04 4.4108 
44.2039 0.7184C 04 3.20 80 
49.6002 0.7104E 04 0.2244 

-42.5122 0-3029E 04 - 4.2023 
42.7073 0.3029F 04 4.C920 
42 .7208 0.3029E 04 4.00 53 
42.8522 0. 30 29F 04 4.0115 

-  42.7725 0.3029F 04 -  4.05 62 
43.7014 0.3029E 04 3.5349 
45.7094 0.3029E 04 2.363 I 
49.8202 0.30 29F 04 0.1009 
43.6362 0,130lf 04 3.57 15 
43.8243 0.13Cir. 04 3.46 60 
43.8 362 0.1301E 04 3.4593 
44.0082 0.1301C 04 3.3628 
43.9060 -  O.I301F (Vf -  3.4201 
45.7562 0.1301E 04 2.38 17 
49.7673 0.1301C 04 0.1306 
44.6578 0.5652F 03 2.9982 
44.9520 0.56521- 03 2.0326 
45.1039 0. 5652t- 03 2.7470 
46.9660 0.5652r: 03 1.7028 
49.9S32 0.56 52F 03 0.0262 
45.6071 0-247'3F 03 2.4205 
45.9057 0.2475E 03 2.2529 
46. 158 2 0.2475r 03 2.156 1 
49.8456 0.2475F 03 0.0067 
46.6 45 8 0.1009E 03 1.0024 
47.2423 0« lOO'Jr 03 1,54 77 
49.9 067 0.1089F 0 3 0.0075 
47.593 2 0.4 0Oct 02 1.3500 
48.2005 0.4 00<-?f; 'V 
49 .9950 o.4aoiC 02 0.0 2̂3 
• 40.3712 02 O-'in/l 
49 .9700 0.2 120!; 02 0.0124 
49.0781 0 . 9 'i 31 F 01 0-517 4 
4'i. QOQV 0 . 9 4 J1 F ni o.ooon 
49 .5751 0.4 103F 01 0.2 505 
49.9986 0.41831: 01 0.000 0 
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71 
72 
73 
74 
75 
76 
77 
73 
79 
80 81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

- 77.75 
77.75 

116.67 
116.67 
17 5,06 
175.06 
262.64 
262.64 
394.00 
394.00 
544.00 
544.00 

-694.00 
694.00 
758.42 
758.42 
855.05 
855.05 1000.00 1000.00 

0.0 
50.00 
0.0 

50.00 
0.0 
50.00 
0.0 

50.00 
0.0 

50.00 
0.0 

50.00 
0.0 

50.00 
0.0 

50.00 
0.0 

50.00 
0.0 

50.00 

49.855 3 
49.9996 
49.9682 
4 9.9999 
49.9962 
50.0001 
49.9996 
49.999fi 
50.0000 
50.0000 
49.9999 
50.0000 
49.9999 
50.0000 
49.9999 
49.9999 
50.0000 
50.0000 
50.0000 
50.0000 

0.1857E 01 
0.1857r 01 
0.8 246F 00 
0.0246E 00 
0.3663r: 00 
0.'366'3e 00 
0.1627(: 00 
0.1627E 00 
0.72 30E-01 
0.7230F-01 
0.3793E-01 
0.3793E-01 
0.2330F-01 
0.2330F-01 
0.1951Ì-01 
0.1951F-01 
0. 1535E-01 
0.1535E;-01 
0.1122E-01 
0,1122E-01 

0.0812 
0.00 0 2 
0.0179 
0,.000I 0.?021 

- 0 .0001 
0.0002 
0 . 0 0 0 I 
0.0000 
O.DOOO 
0.0000 
0.00 00 
O.DOO 1 
0.0000 
0.0000 
0.0000 0.0 
0.0000 0.0 
O.DDOO 

* TIME # 0-6296 00 * 
• :«< • • 1}; ijc «Ì « V « * * If: ̂  « « • ifr # i j c » « « 5)i « • « 1»; « ijr 

DISCHARGE ITERATION NUMBER 
HEAD INCREMENT ^ -11.665 
HEAD VALUE it - 26.843 

NUMBER OF ITERATIONS REQUIRED H-

TOLERANCE COUNTER FOR HEAD # 0 
ABSOLUTE MAXIMUM ERROR IN HEAD » 0.0354 

DISCHARGE FROM AQUIFER INTO WELL # 107.1969 
DISCHARGE FROM WELL STORAGE U 29.162 
TOTAL CALCULATED DISCHARGE # 136.359 
RESIDUAL DISCHARGE # 36.3591 

DISCHARGE ITERATION NUMBER ' U 
HEAD INCREMENT_ tf __ "3.939 
HEAD VALUE # 34.569 

NUMBER OF ITERATIONS REQUIRED # 

TOLERANCE COUNTER FOR HEAD - # 0 " 
ABSOLUTE MAXIMUM ERROR IN HEAD if 0.0178 

DISCHARGE FROM AQUIFER INTO WELL # 84.4069 

DISCHARGE FROM WELL STORAGE # ' 
TOTAL CALCULATED DISCHARGE » 94.254 
RESIDUAL DISCHARGE U 5.7459 

DISCHARGE ITERATION NUMBER « 
HEAD INCREMENT « -4.993 
HEAD VALUE » 33.515 

NUMBER OF ITERATIONS REQUIRED » 

TOLERANCE COUNTER FOR HEAD # 
ABSOLUTE MAXIMUM ERROR IN HEAD 0.0165 

DISCHARGE FROM AQUIFER H T O WELL # 87.7619 
DISCHARGE FROM WELL STORAGE # 12.483 
TOTAL CALCULATED DISCHARGE » 100.245 
RESIDUAL DISCHARGE « 0.2448 



116. 
FRE E SURFAC E POSITO N  

RADIU S SURFAC E HEIGH T 

0 , 5 0 0.80 
1 . 2 5 
1 . 9 2 
2 . 9 4 

6 . 7 3 
1 0 . 15 
1 5 . 2 8 
2 2 . 9 7 
3 4 . 5 0 

- 5 1 . 8 0 
7 7 . 7 5 

1 1 6 . 6 7 
1 7 5 . 0 6 
2 6 2 . 6 4 
3 9 4 . 0 0 
5 4 4 . 0 0 
6 9 4 . 0 0 
7 5 8 . 4 2 
8 5 5 . 0 5 1000.00 

4 9 . 5 7 8 L 
4 9 . 5 4 3 2 
4 9 . 3 7 28 
4 9 . 6 1 4 2 
4 9 . 5901 
4 9 . 8 5 0 7 
4 9 . 7 0 1 7 
4 9 . 9 5 3 4 
49 .91588 
4 9 . 9 4 9 0 
4 9 . 9 9 8 5 
4 9 . 9 9 6 6 
4 9 . 9 9 9 0 
4 9 . 9 9 9 6 
5 0 . 0 0 0 2 
4 9 . 9 9 9 6 
4 9 . 9 9 9 9 
4 9 . 9 9 9 9 
4 9 . 9 9 9 9 
4 9 . 9 9 9 9 
4 9 . 9 9 9 9 
5 0 . 0 0 0 0 

SURFAC E TOLERANC E COUNTE R # 0 

MAXIMU M ERRO R OF SURFAC E H E I G H T — * ' 0 . 0 1 6 5 

• FINA L RESULT S OF ANALYS I S • 

HEA D . v s . RADIU S AND 1/ U . V S . WIU ) 

NODE R-COOR D COORD -HEA D 1/ U WiU ) -

1 
— 2 

3 
4 
5 6 
7 8 
9 

- 1 0 11 
12 
13 

- 14 
15 16 
17 

— 18 
19 20 21 

- 22 
2 3 
24 
25 26 
27 
28 
29 
30 
31 
32 
33 
34 

~ 35 
36 
37 
38 

- 39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 60 

0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 

- 0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0.80 0.80 

- 0 . 6 0 
0.80 
0.80 
0.80 

- 0 . 8 0 0.80 0.80 0.80 
1 . 2 5 
1 . 2 5 
1 . 2 5 
1 . 2 5 
1 . 2 5 
1 . 2 5 
1 . 2 5 
1 . 2 5 
1 . 2 5 
1 . 9 2 
1 . 9 2 
1 . 9 2 
1 . 9 2 
1 . 9 2 
1 . 9 2 
1 . 9 2 
1 . 9 2 
2 . 9 4 
2 . 9 4 
2 . 9 4 
2 . 9 4 
2 . 9 4 
2 . 9 4 
2 . 9 4 
4 . 4 6 
4 . 4 6 
4 . 4 6 
4 . 4 6 
4 . 4 6 
6 . 7 3 
6 . 7 3 
6 . 7 3 
6 . 7 3 

1 0 . 1 5 
1 0 . 1 5 

0 . 0 2.00 
4 . 0 0 6.00 8.00 —10.00 12.00 

1 4 . 00 16.00 
- 1 8 . 0 0 20.00 

2 7 . 3 9 
3 4 . 7 9 

- 4 2 . 18 
4 9 . 5 8 

0 . 0 
4 . 0 0 
8 . 0 0 12.00 16.00 20.00 

2 7 . 3 8 
3 4 . 7 7 
4 2 . 16 
4 9 . 5 4 

- 0 . 0 
4 . 0 0 
8 . 0 0 12.00 

1 6 . 0 0 20.00 
2 9 . 79 
3 9 . 5 8 
49 .3 / -

0 . 0 
5 . 0 0 10. 00 

1 5 . 0 0 
- 20.00 

2 9 . 6 7 
3 9 . 7 4 
4 9 . 61 

0 . 0 
5 . 0 0 10.00 

1 5 . 0 0 20.00 
3 4 . 7 9 
4 9 . 5 9 

0 . 0 
- 10.00 20.00 

3 4 , 9 2 
4 9 . 8 5 

0 . 0 10.00 20.00 
4 9 . 7 0 

0 . 0 
20^0 0 

3 3 . 5 1 4 9 
3 3 . 5 1 4 9 
3 3 . 5 1 4 9 
3 3 . 5 1 4 9 
3 3 . 5 1 4 9 
3 3 . 5 1 4 9 
3 3 . 5 1 4 9 
3 3 . 5 1 4 9 
3 3 . 5 1 4 9 
3 3 . 5 1 4 9 
3 3 . 5 1 4 9 
3 3 . 5 1 4 9 
3 4 . 7 9 3 7 
4 2 . 1 8 6 4 
4 9 . 5 7 6 1 
3 5 . 7 8 4 7 
3 6 . 1 2 1 9 
3 6 . 1 2 4 3 
3 6 . 1 7 1 0 
3 6 . 2 4 1 I 
3 6 . 1 5 3 9 
3 6 . 6 7 1 5 
3 8 . 3 64 5 
4 3 . 7 6 5 6 
4 9 . 5 4 3 2 
3 7 . 8 7 5 2 
3 8 . 1 7 2 5 
3 3 . 2 1 0 9 
3 8 . 2 9 0 5 
3 8 . 3 9 7 0 
3 P . 1 8 1 9 
3 ^ . 4 6 5 6 
4 3 . 3 8 9 4 
4 9 . 3 7 2 8 
3 9 . 6 3 0 8 
3 9 . 9 2 6 3 
3 9 . 9 6 3 2 
4 0 . 1 9 1 6 
4 0 . 1 2 4 4 
4 1 . 6 6 0 2 
4 4 . 9 8 2 3 
4 9 . 6 1 4 2 
4 1 . 2 1 4 7 
4 1 . 4 9 4 7 
41 . 5 2 9 6 
4 1 . 8 2 1 5 
41 . 7 3 0 8 
4 4 . 5 9 0 1 
4 9 . 5 9 0 1 
4 2 . 6 2 7 3 
4 3 . 0 7 3 2 
4 3 . 3 9 6 4 
4 6 . 0 3 6 7 
4 9 . 8 5 0 7 
44 . 0 1 1 2 
4 4 . 4 6 2 8 
4 4 . 8 1 6 3 
4̂ ^ . 7 0 1 7 
4 5 . 3 0 2 3 
4 6 . 2 1 6 5 

0 . 89 80E 05 
0 . 8 9 8 0 E 05 
0 . 89aOE 05 
0 . 8980E 05 
0 . 8 9 8 0 E 05 
0 . 8 9fiO£ 05 
0 . 8980F 05 
0 . 8 9 8 0 E 05 
0 . 8980E 05 
0 . 8 9 8 0 E 05 
0 . 8 9 8 0 E 05 
0 . 8 9 80r: 05 
0 . 8 9 8 0 E 05 
0 . 8980E 05 
0 . 8 9 8 0 c 05 
0 . 350GC 05 
0 . 3506E 05 
0 . 350&C 05 
0 . 3 5 08 E 05 
0 . 3 5 08 E 05 
0 . 35CSE 05 
0 . 350e c 05 
0 . 3 5QGE 05 
0 . 3 508 E 05 
0 . 350aF 05 
0 . 1437Ç 05 
0 . 1437E 05 
0 . 1437E 05 
0 . 14 37 E 05 
0 . 1437E 05 
0 . 1437F 05 
0 . 1 4 3 7 E 05 
0 . 14 37F 05 
0 . 1437E 05 
0 . 60 58E 04 
0 . 6 0 5 « E 04 
0 . 60 S3 E 04 
0 . 605a E 04 
0 . 60 53 E 04 
0 . 6 0 5 8 E 04 
0 . 6058E 04 
0 . 60 5(̂ E C4 
0 . 260;' E 04 
0 . 2 6 0 2 r 04 
0 . ,2602 E 04 
0 . 2 6 0 ? F 04 
0 . , 2602E 04 
0 , ,26C2E 04 
0 -,26C2L- 04 
0 , , I 130 F 04 
0 . l l 3 0 t 04 
0 , , 1130 E 04 
0 , , 11 30 E 04 
0 , . 1 1 3 0 F 04 
o . 4 9 5 n r 03 
0 . ,4 9 SO E 03 
0 . ,4950 n 03 
0 . 4 9 50C 03 
0 . 217BE 03 
G . 2 I 7 6 E 03 

9 . 2 5 1 8 
9 . 2 5 1 8 
9 . 2 5 1 8 
9 . 2 5 1 8 
9 . 2 5 1 8 
9 , 2 5 1 8 
9 , 2 5 1 8 
Ç . 2 5 1 R 
9 . 2 5 1 8 
9 . 2 5 1 8 
9 , 2 5 1 8 
9 . 2 5 1 8 
8 . 5 3 4 1 
4 . 3 6 5 2 
0 . 2 3 68 
7 . 9 7 8 0 
7 . 7 8 8 7 
7 . 7 « 7 4 
7 . 7 6 1 2 
7 . 7 2 1 8 
7 . 7 7 0 7 
7 . 4 P 0 3 
6 . 5 301 
3 . 4 9 8 9 
0 . 
6 . e 0 ' , 7 
6 , 6 3 7 9 
6 . 6 1 6 3 
6 . 5 7 1 6 
6 . 5 1 19 
6 . 6 3 2 6 
5 . 9 1 2 1 
3 . 7 1 0 D 
0 . 3 5 2 0 
5 . 8 1 9 5 
5 , 6 5 3 6 
5 . 6 3 2 9 
5 . 5 0 4 7 
5 . 5 4 2 A 
4.6Î 5 0 5 
2 . F 16 1 
0 . 2 1 6 5 
4 . 9 3 0 5 
4 . 7 7 3 4 
4 . 7 5 3 8 
4 . 5 s n o 
4 . 6 37 5 
3 . ^ 3 6 2 
0 . 2 3 0 0 
4 . I 377 
3 . P P 7 5 
3 . 7 0 6 1 
2 . 2 2 4 3 
0 . C 8 Î 8 
3 . 36 1 I 
3 . 1C76 
2 . ' : - 092 
0 . 167 4 
2 . 6 3 6 5 
2 . 1 2 3 4 



117. 

61 10.15 49.95 
62 15.28 0.0 63 15.28 - - 20.00 
64 15.2d 49. 99 
65 22.97 0.0 
66 22.97 49.95 
67 34.50 0.0 
68 34.50 50.00 
69 51.80 0.0 
70 51 .80 50.00 

-  -71 77.75 0.0 
72 77.75 50.00 
73 116.67 0.0 
74 116.67 50.00 75 - 175.06 -  - -  0.0 
76 175.06 50.00 
77 262.64 0.0 
78 262.64 50.00 79 394.00 0.0 
80 394.00 50.00 
81 544.00 0.0 
82 544.00 50.00 83 694.00 0.0 
84 694.00 50.00 
85 758.42 0.0 
86 758.42 50.00 
87 855.05 0.0 -
88 855.05 50.00 
89 1000.00 0.0 
90 1000.00 50.00 

49.9534 0.2170E 03 
46.5869 0.9618f 02 
47.4797 0.9618r 02 —  • 

49.9088 0.961flE 02 
47.6562 0.4256F 02 
49.9490 0 .4256E 02 
48.6342 0. ieR6E 02 
49 .9985 0.1886F 02 
49.343 3 0.e367F 01 
49.9966 0.8367E 01 
49.7625 0.3714E 01 
49.9990 0.3714F 01 
49.9430 0.1649L 01 
49.9996 0.1649E 01 
49.9923 0.7325F 00 
50.0002 0.7325F 00 
49.9992 0.3255E 00 
49.9996 0.3255E 00 
-49.9999 - 0.1446r-00 
49.9999 0.1446F 00 
49.9999 0.7506E-•01 
49,9999 0.7586E-•01 

-- 49.9999 0.4661E-01 — 
49 .9999 0.46615-•01 
49.9999 0.3903E-•01 
49.9999 0.3903E-•01 
49.9999 -0.3070E-•01 -- — 

49.9999 0.3070E-•01 
50.0000 0.2245E-01 
50.0000 0.2245E-•01 

0.0262 
1.9155 

O.C'063 
1.3354 
0.0236 
0./665 
0-0008 
0.368 6 
0.00 19 
0.1333 
0.0006 
0.0320 
0.0002 
0.004 3 
-0.0001 
0.0005 
0.0002 
0.0000 
o.oooo 
0.0001 
O.GOOO 

- 0.000 I 
0.0001 
O.OOOl 
o.oooo 
0.0000 
0.0001 
c.o 
0.0 

»  TIMP STEP NUMatR >̂ 10  • 

TIME H  0,241E 03  • 
« « C «« 4c« « ** « «  :4c ««  * « »c« * « * ̂ « «)«i« « 

ESTIMATED RADIUS OF INFLUENCE #  1000.00 

CORRESPONDING NO. OF NODES  #  90 

CORRESPONDING NO. OF ELEMENTS  121 

CORRESPONDING COMPONENT OF VECTOR NDVEC  i 22 

DISCHARGE ITERATION NUMBER  # 

HEAD INCREMENT  # _ -1.92̂ 

HEAD VALUE  n  14.8 36 

NUMBER OF ITERATIONS REQUIRED # 

TOLERANCE COUNTER FOR HEAD  » 0 

ABSOLUTE MAXIMUM ERROR IN HEAD  0 0.0632 

DISCHARGE FROM AQUIFER INTO HELL  »  98.8546 

DISCHARGE FROM WELL STORAGE if 

TOTAL CALCULATED DISCHARGE  #  98.873 

RESIDUAL DISCHARGE «  1.1266 

DISCHARGE ITERATION NUMBER  ff 

HEAD INCREMENT  »  -2.825 

HEAD VALUE  0  13.933 

NUMBER OF ITERATIONS REQUIRED 0 

TOLERANCE COUNTER FOR HEAD  ff 0 

ABSOLUTE MAXIMUM ERROR IN MEAD  0 0.1431 

DISCHARGE FROM AQUIFER ÎITO WELL  0  99.6348 

DISCHARGE FROM WELL STORAGE #  0.028 

TOTAL CALCULATED DISCHARGE  0  99.662 

RESIDUAL DISCHARGE 0  0.3376 



FREE SURFACE POSITON  

RADIUS SURFACE HEIGHT 

118. 

0.50 
0.80 
1.25 
-1.92 
2.94 
A.46 
6.73 
10.15 
15.28 
22.97 
34.50 
51.80 
77.75 
116.67 
175.06 
262.6 4 
394.00 
544.00 
694.00 
75Ü.42 
855.05 
1000.00 

40.1313 
40.0242 
40.0407 
40.3750 
40.0233 
41.3799 
42.0860 
43. 0126 
43.9414 
45.0465 
46. 2963 
47.48 41 
48.5370 
49.3396 
49.8051 
49.9728 
49.99R6 
49.9990 
49.9938 
49.9 990 
49.9995 
50. 0000 

SURFACE TOLERANCE COUNTER  It 0 

-MAXIMUM ERROR OF SURFACE HEIGHT  #  0̂1431 

* * • FINAL. RESULTS OF ANALYSIS • 

-NODE 

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

R-COORD Z-COORD HEAD —i/u- - WCU}-

1 
2 -
3 
4 
5 

— 6 
7 
8 
9 

— 10 
11 
12 
13 

-14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
-43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

0.50 
0.50 
0,50 
0.50 
0.50 
0.50 
0.50 
0,50 
0.50 
0,50 
0.50 
0.50 
0.50 
0.50 
0.50 
0,80 
0.80 
- 0.80 
0 .80 
0.80 
0,80 
0.80 
0.80 
0,80 
0,80 
1.25 
1.25 
1,25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.92 
1.92 
1. 92 
1 .92 
1.92 
1.92 
1.92 
1.92 
2.94 
2.94 
2.94 
2.94 
2.94 
2.94 
2 .94 
4.46 
4.46 
4.46 
4.46 
4 .46 
6.73 
6.73 
6.73 
6.73 
10.15 
10.15 

0.0 
—2.00 
4.00 
6.00 
8.00 

-10.00 
12.00 
14.00 
16.00 
18.00 
20.00 
25.03 
30.06 
35.10 
40.13 
0.0 
4.00 

- 8.00 
12.00 
16.00 
20.00 
25.00 
30.01 
35.02 
40.02 
0.0 
4.00 
8.00 
12.00 
16.00 
20.00 
26. 68 
33. 36 
40.04 
0.0 
5.00 
10.00 
15.00 
20.00 
Z(y,79 
33.58 
40.3r 
0.0 
5.00 
10.00 
15.00 
2 0. 00 
30.41 
40-82 
0.0 
10,00 
20.00 
30.69 
4 1.33 
0.0 
10.00 
20.00 
42.09 
0.0 
20.00 

13.9327 0.3448E 08 20.2419 
13.9327 0.3446E 03  - 20.2419 
13.9327 0.3448E 08 20.24 19 
13.9327 0.3448F 03 20.2419 
13 .9327 0.3448E 08 20.24 19 
13.9327 0.344fif̂ 08 • 20»Z4 19 
13.9327 0.344SF 08 20.2419 
14.0268 0.344Bn 08 20.1890 
16.0397 0.3448F. 08 19.0593 
18.0436 0.3448E 08 17,9347 
20.0474 0.3448E OP 16.8101 
25.0596 0.3448f: 08 13.9971 
30.0758 0.3448E 08 11,1020 
35.0991 0.34 48E 08 - 8.36 27 
40.1313 0.344;̂F 08 5,5386 
19.5971 0.1347E 08 17-0 62 8 
20.4 337 0,1347E 08 16..;«133 
20.4439 0.1347? 08 -  16.5R76 
20.5R49 0,1347E 03 16.5085 
22,3202 0.1347= 08 15.5346 
25.1301 C.1347E 08 13.9576 
28.8324 0.134?f̂ 08 11.8708 
32.6452 0.I347F 08 9.7399 
36.4397 0.1347E 08 7.6104 
40.0242 0.1347F 08 5.5987 
24.4734 0.5517?̂ 07 14.3261 
25.1600 0.55l7r 07 13.«>403 
25.2556 0.5517F 07 
25.5959 0.5517E 07 13,69 62 
27.0260 0.5 517E 07 12.8936 
28.8189 0.5517E 07 11..""7 3 
32.6908 0.55L7r 07 9.7143 
36.5994 0.5517E 07 7.5207 
40.0407 0.5517E 07 5. 589 4 

-  28.2958 -  0.2 326r; 07 12.1P09 
2S.9403 0.2326F 07 11. P I 92 
29.0594 0.2326f̂ OT 1 1.7 '"i 2 4 
30,3140 0.2326E 07 
32.0025 0.2326? 07 10,1007 
34.8978 0.2326̂ 07 8.̂ 757 
37.9Î10 0.2 326F 07 6.7 73 0 
40.3750 0.2326'Z 07 p 

—  31.5630 0,9990'' 06 —  - • - 10.347-i 
32,1562 0.9990!: 06 10.0144 
32.2700 O.qcQOF 06 9,9 SO s 
33.4842 0.9990r 06 9.2 
34.5539 0.99«̂or-06 8 . 6 6 P. 7 
37.9532 0.9990F 6. 7 M 0 
40.8233 0.9Q90E 06 5.1 SO? 
.3489 0.4 341E 06 e.7'3 38 

35.2701 0.4341P 06 8.2Î.2 3 
36.8698 0.4341C 06 7. 36Q0 

0,4341 r OS 
41.3799 0.4 341'" 06 4 . F 3 7 0 

0. r̂ oir: 06 7.3111 
37.8179 0.1 901 F 06 
30,9433 O.l'̂ OlF 06 6. 20 2 
42 .0860 o.i9oi[: 06 4. 4 1 S 

-  39.2779 -  0.8365F 05 -  --  • 6.017S 
40.7644 0.e365E 05 5.183 3 



61 
6?. 
63 
64 
65 
66 
67 
60 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

10.15 
15.20 
15.2Ü 
15.23 
22.97 
22.97 
34.50 
34 .50 
51.SU 
51.80 

- 77.75 
77.75 
116.67 
116.67 
17 5.06 
175.06 
262.64 
262.64 
394.00 
394.00 
544.00 
544.00 
694.00 
694.00 
750.42 
758 .42 
855.05 
855.05 
1000.00 
1000.00 

119. 
43.01 
0.0 
20.00 
4 3,94 
0.0 
45.05 
0.0 
46- 30 
0.0 
47.48 
0.0 
48.54 
0.0 
49.34 
0.0 
49,81 
0.0 
49.97 
0.0 -
50. 00 
0.0 
50.00 
0.0 
50.00 
0.0 
50.00 
0.0 
50.00 
0.0 
50.00 

43 .0126 
41.5314 
42.5 74 3 
43.9414 
43.5463 
45.0465 
45.3307 
46.2 96 3 
46 .8986 
47.4841 

-  48.1953 
43 .5370 
49.1569 
49.3 396 

— 49.7306 
49.8051 
49.9553 
49.9728 

-49.906 6 
49.9986 
49.9939 
49.9990 
49.9988 
49.998 8 
49.9990 
49.9990 
49.9996 

- 49.9995 
50.0000 
50.0000 

0.8365F 05 3.9?1 5 
0.3693r 05 4.7528 
0.3693F 05 4,1675 
0.3693 F 05 3.40C2 
0.16̂ 4F 05 3.6??0 
0.1634P 05 2.7000 
0.7 2 43F. 04 2.6?0 5 
0,7243F 04 2.07 86 
0.3213F. 04 1.7 40 6 
0. 32I3'- 04 K4120 
0.1426F 04 --  1.0 129 
0.1''.26 F 04 0 . P 2 I 1 
0.6333n 03 0.4732 
0.6 Í33F 03 0. 37 06 
0.28l3r- 03 0.1512 
0.2P.13F 03 0.1094 
0. 12 50 F 03 0.0251 
0. 03 0.0152 
0.5553'̂ 02 0.0019 
0.5553E 02 0.0308 
0.2913r 02 0.0006 
0.29I3F 02 0.0006 
0.1790F 02 0.0307 
0.1790E 02 0.0007 
0.1499F 02 0.0006 
0. 14 99f: 02 0.0006 
0.1 179E 02 0.0002 
0.1179F 02 O.DD03 
0.8620E 01 0.0 
0.8620E 01 0.0 

• TIMH if   0.322F. 03 • 
«Cit! +X:"i: +  <1 i: «c ̂  V̂ * li:ij, *,jt 

-DISCHARGE ITERATIOM NUMBER  # 

HEAD INCREMENT  #  -1.922 

HEAD VALUE  §  12.010 

NUMBER OF ITERATIONS REQUIRED # — 

TOLERANCE COUNTER FOR HEAD 

ABSOLUTE MAXIMUM ERROR IN HEAD  i 0.0554 

99.4254 

0.019 

DISCHARGE FROM AQUIFER INTO WELL 

DISCHARGE FROM WELL STORAGE » 

TOTAL CALCULATED DISCHARGE  #  99.444 

RESIDUAL DISCHARGE #  0.5558 

DISCHARGE ITERATION NUMBER  # 

HEAD INCREMENT  #  -2.483 

HEAD VALUE  #  11.449 

NUMBER OF ITERATIONS REQUIRED * 

TOLERANCE COUNTER FOR HEAD  If 0 

ABSOLUTE MAXIMUM ERROR IN HEAD  #  0.0411 

DISCHARGE FROM AQUIFER INTO WELL  «  100.1219 

DISCHARGE FROM HELL STORAGE U 0̂ 024 

TOTAL CALCULATED DISCHARGE  tf  100.146 

RESIDUAL DISCHARGE 0.1462 

FREE SURFACE POSITON 

RADIUS SURFACE HEIGHT 

0.50 
0.80 
1.25 
1.92 
2.94 
4.46 
6,73 
10.15 
1 5.2 8 
22.97 
34.50 
51.80 
77.75 
116.67 
17 5.06 
262.64 
394,00 
544.00 
69̂,00 
758.42 
855.05 
1000.00 

39.5186 
39,4118 
39.4423 
39.7702 
40.2160 
40.7682 
41,4775 
42.4025 
43.3403 
44. 47 39 
45.7616 
47.0092 
48.1541 
49.0Ö34 
49.6844 
49.9 4 38 
49,9971 
49. 
49.«9Pn 
49.9990 
49. <̂996 
50.00C0 
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• FINAL  RESULTS  OF  ANALYSIS t 
• - -   ̂

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

NODE 

1 
2 

- 3  -

5 
6 

—  7  -
8 
9 
10 
11 
12 
13 
14 

- 15 
16 
17 
18  -
19  -
20 
21 
22 
23  -
24 
25 
26 

-  27 
28 
29 
30 
31 
32 
33 
34 

-  35  -
36 
37 
38 

— 39  — 
40 
41 
42 
43 
44 
45 
46 
47  -
48 
49 
50 

-51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
70 
79 
80 
81 
82 
83 
64 
85 
86 
67 
88 
89 
90 

R-COORD 

0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50  -
0.80 
0.80 
0.80 
0.80  -
0.80 
0.80 
0.30 
0.80  -
0.80 
0.80 
1.25 

—  1.25 
1.25 
1.25 
1.25 
1.25  — 
4 .25 
1.25 
1.25 
1.92  -
1.92 
1.92 
1.92 
1.92 
1.92 
1.92 
1.92 
2.94  — 
2.94 
2.94 
2.94 
2.94 
2.94 
2.94 
4.46 
4.46  — 
4.46 
4.46 
4.46 
6.73 
6.73 
6.73 
6.73 
10.15 
10.15 
10.15 
15.28 
15.28 
15.28 
22.97 
22.97 
34.50 

"  34.50 
51.00 
5l.ao 
77.75 
77.75 
116.67 
116.67 
175.06 
175.06 
262.64 
262.64 
394.00 
394.00 
544.00 
544.00 
6 94.00 
694.00 
758.42 
758.42 
855.05 
855.05 
1000.00 

Z-COORD 

0.0 
2.00 

— 4.00 
6. 00 
8.00 
10.00 
12.00 
14.00 
16, 00 
18.00 
-20.00 
24. 08 
29.76 
34.64 
-39.52 
0.0 
4.00 
8.00 

-12.00 
16. 00 
20.00 
24. 85 
-29.70 
34. 56 
39.41 
0.0 

- 4.00 
8.00 
12.00 
16.00 
-20.00 
26.48 
32.96 
39.44 

HEAD 1/U 

1000.00 

5.00 
10.00 
15.00 
20.00 
26.59 
33. 18 
39.77 
— 0.0 
5.00 
10.00 
15.00 
20.00 
30. 11 
40.22 
0.0 
10.00 
20.00 
30. 38 
40.77 
0.0 
10.00 
20.00 
41.48 
0.0 
20.00 
42.40 
0.0 
20.00 
43.34 
0.0 
44.47 
0.0 
45.76 
0.0 

47.01 
0.0 
48-15 
0.0 
49.03 
0.0 
49.68 
0.0 
49.94 
0.0 
50.00 
0.0 
50.00 
0.0 
50.00 
0.0 
50.00 
0.0 
50.00 
0.0 
50.00 

11 .4492 0.4598E 08 
' 11 .4492 0.4598r 08 
1 11.4 492 0.459'3F 08 
' 11.4492 0.4598E 08 

11.4492 0.4598E 08 
11 .4492 0.459Pr 08 

" 11.9868 0.4 59SE 08 
13.9832 0.4598E 08 
15.9798 0.4598E 08 
17.9780 0.45988 08 
19.9763 -  0.4598F 08 
24.8595 0.4 59P5 08 
29.7427 0.4598E 08 
34.6277 0.4598E 08 
39.5186 - -  -  0.459eE 08 
17.6217 0.1796F 08 
16.5432 0.1796n 08 
18.5433 0.17962 08 
19.3183 0.1796E 08  -
22.1100 0.1796E 08 
24.875 3 0.1796P 08 
28.5039 0.1796E 08 
32.2285 0.1796E 08 
35.9286 0.1796E 08 
39.4118 0.1796E 08 
22.9018 0.7 3 56E 07 
23.6534 -  0.7356E 07  -
23.7953 0.7356E 07 
24.5589 0.7356E 07 
26.6211 0.7356E 07 

07  -28.4525 0.7356E 07  -
32.2620 0.7356E 07 
36.0000 0.7356E 07 
39.4423 0.7356r 07 

07  -27 .0080 0 . 3102 E 07  -
27.7238 0.3102P 07 
28.0013 0.3102E 07 
29.7120 0.3102E 07 
31.5553 0.31C2E 07 
34.4114 0.3102E 07 
37.3889 0.3102E 07 
39.7702 0-3102E 07 

-  - - 30.4937 -  0.1332E 07 
31.1613 0.t332c 07 
31.3774 0. 1332E 07 
32.8486 0.1332E 07 

-  -  -34.0479 0.1332E 07  -
37.4092 0.1332E 07 
40.2160 0. 1332E 07 
33.4433 0. 57 8i?̂ 06 
34.5184 0.57e8E 06  -
36.3233 0.5768E 06 
38.7560 0.57 85E 06 
40.7662 0.578SE 06 
36.2068 0.2534F 06 
37.1400 0.2534E 06 
38.3818 0.2 534E 06 
41.4775 0.2534E 06 
33.6169 0.I 115G 06 
40. I->26 0.11 15E 06 
42.4025 0.1115E 06 
40.9444 0.4925F 05 
42.0183 0.4925E 05 

-  43.3408 0.4925C 05 
43-0262 0.2179Ì 05 
44.4739 0.2179r 05 
4 -̂8557 0.9657E 04 
45.7616 -  0.9657P 04 
46.4769 0-42R4E 04 
47.0092 0.4284F 04 
47.3466 0.1901P 04 
48.1541 0.1901F 04 
43.9105 0.B4A4T 03 
49.0834 0.0444n 03 
4 .̂6041 0.375ir 03 
49.6̂ 544 0.3751': 03 
49.9205 0.1666F 03 
49.9438 O.IÓ66E 03 
49.9936 0.7404c 02 
49.9071 0.74 0''«r 02 

0.3884F 02 
49.9^90 0. 38 84': 02 
49 02 
49.<iOH8 0.23e^F 02 
40.9091 0. 02 
49.9090 0.IO9BF 02 
49.9096 0.i5??e 02 
40.Q095 0.1572»̂ 02 
50.0000 0.1149E 02 
50.0000 0.1149E 02 

WiU) 

21.6356 
2K6356 
21.6356 
21.6355 
21.6356 
21.6356 
21.33 39 
20.2135 
19.C929 
17.9715 
16.8500 
14.1094 
11.36R9 
8.6273 

- 5.8824 
18.1715 
17.6543 
17.6543 
17.2193 
15.6525 
14.1006 
12.0641 
9.973R 
7.8972 
5.9423 
15.2082 
14.7R35 
14.7067 
14.2781 
13. 1208 
12.0930 
9.<?550 
7.P066 
5.9252 
12.9037 
12.5019 
12.3462 
11.3B61 
10.3516 
8.7487 
7.0777 
5.7412 
10.9474 
10.5727 
10.4514 
9.6258 
8.9527 
7.0662 
5.4910 
9.2C20 
8.68S5 
7.6757 
6.3104 
5. ISl 1 
7.7411 
7.2173 
6.5204 
4.76 50 
6.3304 
5.5042 

4.?63<? 
5. or 2 2 
4.4795 
3.737 3 
3.ÌÌ 1 3̂ 
3.101 4 
2.f:S7l 
2.37P7 
1.0772 
1.6785 
1.20P5 
1.0350 
0.6114 
0.514A 
0.2222 
0.177 1 
0.0'«''6 
0.0 U 5 
0.00 36 
o.rri6 
o.Dro? 

o.r.ooT 
0.0 30 7 
O.0C0 5 
0.0r0 5 
o.ano? 
0.0002 
0.0 
0.0 

TOTAL  KUHOER OF  PUNCHED  CARDS 16 
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4. LISTINGS OF THE PROGRAMS 

4.1 LISTING OF STCONl 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c*»» 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

122. 
INTEGRATED WCLL-AOUIFER SOLUTION SYSTEM. 

DEVELOPED BY P.S. HUYAKORN. 

STCG^a, PROGRAM FOR ANALYSING STEADY, ONE-OI HENS lONAL OARCY OR TWO-REGIKE 

FLOW TOWARDS A PUMPED WELL. 

VERSION DATED OCTOBER, 1973. 

FOR FURTHER INFORMATION, CONTACT 

P.S. HUYAKORN OR C.R. DUDGEON 

WATER RESEARCH LABORATORY 

KING ST.,MANLY VALE 

SYDNEY,N.S.W. 2093,AUSTRALlA. 

LIST OF INPUT VARIABLES 

— ALL READ STATEME^ITS ARE LOCATED IN THE MAIN— 
PROGRAM AND INDICATED BY $1 OR $1,SK SIGN-

PROBLEM VARIABLES 

NPROB 
IVEL 

IDISCR 

ORELAX 

RH 
RO 
HO 
TH 
HTOL 

AK 

BK 

VCR 
IGP 

lAQTA 

IHBC 

AGP 
BGP 
VGP 
THGP 
PA 
THA 
HH 
QFIX 

NUMBER OF PROBLEMS TO BE SOLVED 
VELOCITY PRINT-OUT INDEX.FEED IN IVEL=0 IF VELOCITY PRINT-OUT 
IS NOT REQUIRED OTHERWISE FEED IN IVEL=l 
DISCRETISATION DATA PRINT-OUT INDEX 
FEED IN IDISCR=0 IF DISCRETISATION PRINT-OUT IS NOT REQUIRED 
OTHERWISE FEED IN IDISCR=l 
OVER-RELAXATION FACTOR FOR NON-LINEAR HEAD ITERATION 
SUGGESTED VALUE LIES BETWEEN 1.50 TO 1.85 
RADIUS OF WELL SCREEN 
EXTERNAL RADIUS JR RADIUS OF INFLUENCE 
HEIGHT OR DRAWDOWN 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=l./PM IF ONLY OARCY FLOW SOLUTION IS REQUIRED 
WHERE PH = COEFFICIENT OF PERMEABILITY OF AQUIFER 
NON-LINEAR HYDRAULIC COEFFICIENT OF AQUIFER 
IF ONLY OARCY FLOW SOLUTION IS REQUIRED SET BK'3. 
CRITICAL FLOW VELOCITY WHERE NON-DARCY FLOW COMMENCES 
GRAVEL PACK INDEX,IGP=l FOR GRAVEL PACKED WELL, 
IGP=0 FOR NON-GRAVEL PACKED WELL 
AQUITARD INOEX,IAQTA=I IF THERE IS AN OVERLYING AQUITARD 
1AQTA=0 IF THE MAIN AQUIFER IS CONFINED BY IMPERMEABLE STRATA 
WELL BOUNDARY CO>JDITION INDEX,IW5C = 0 IF WELL DISCHARGE 
IS PRESCRIBED, IW8C = l IF WELL DRAWDOWN OR HEAD IS PRESCRIBED 
LINEAR HYDRAULIC COEFFICIENT OF GRAVEL PACK MATERIAL 
NON-LHEAR HYORAJLIC COEFFICIENT OF GRAVEL PACK MATERIAL 
CRITICAL FLOW VELOCITY FOR GRAVEL PACK MATERIAL 
THICKNESS Or GRAVEL PACK 
COEFFICIENT OF PERMEABILITY OF OVERLYING AQUITARD 
THICKNESS OF OVERLYING AQUITARD 
HEIGHT OF WATER LEVEL IN THE WELL OR WELL DRAWDOWN 
PRESCRIBED WELL DISCHARGE 

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 IS SCFAC«2.0 
LENGTH OF FIRST SUBREGION 
SUGGESTED VALUE IS FRLcN=4.*RW 
FOP GRAVEL PACKED WELL,FRLEN MUST NOT EXCEED THICKNESS OF PACK 

LIST OF OUTPUT VARIABLES 

NN3DE 
NELEH 
X 
H 
TLESS 
HLESS 
QW 
NOD 
VEL 
VMFAN 
IDARCY 

TOTAL NUMBER OF ^ODES IN THE FINITE ELEMENT NETWORK 
TOTAL NUMSER OF ELEMENTS IN THt NETWORK 
NOD/i RADIAL DISTANCES FROM CENTRE LINE OF PUMPED WELL 
NODAL mEAO OP. DRAWTXIWN VALUES 
NODAL VALUES OF DiMENS IONLRSS RADIUS,1/U 
NODAL VALUES OF i^tLL FUNCTION FOR STEADY FLOW,W(U) 
DISCHARGE FF,OM AQUIFER INTO WELL AT DKAwDOWN SW 
NODE CONNECTIONS 3F ELEMENTS IN THE FINITE ELEMENT NETWORK 
ELEMENT VELOCITIES 
AVERAGE NOOAL VELOCITIES 
INDEX TO ISDICATt IF A PARTICULAR ELEMENT BELONGS TO OARCY 
OR NON-DARCY ZOME,IDA^CY-0 FOR ELEMENTS IN THE OARCY ZONE. 
iUARCY«l FÜR ELEMENTS IN THE NON-DARCY ZONE 



C 123. 
C 
c 
c 
c 

DIMENSION X{200,U, N0Dn.50,6) ,NBAN0{200),10(200) 
DIMENSION M(40),XLEN(40),NNE{40),JBD(2),DISPi2) 
DIMENSION XEN(6),HEi6),DtLKi6,6) 
OIHENSION VKI 1000),CKl200,I),H( 200),VEL( 150,6),VMEANi200, II 
DIMENSION SCLK{6,6),ZENi6),DSHF(6) 
DIHENSION I PROP II50 ),IDARCYi150),HDAR{200) 
DIMENSION HK(10),VOi1000) 

c 
DATA NREA0,NPRINT/l,3/ 

C 
C PRINT INITIAL HEADINGS 
C 

HRITEINPRINT,1003) 
WRITE(NPRINT,1013) 
HRITEiNPRINT,1023) 
WRIT£(NPRINT,1013) 
KRITEiNPRINT,1033) 
WRITE{NPR INT,1013) 
WRITE(NPRINT,1003) 

993 FORMAT ( »I S^XiSlH 

1003 FORMAT (5X,51H •«••««•••»•«•«^•«•••••»•»»•»•»•••»•••i;*«:»*«:«:*»»»***) 
1013 F0RMATi5X,51H • «) 
1023 FORMAT(5X,51H • F^ITE ELEMENT ANALYSIS OF ») 
1033 F0RMAT(6X,«* STEADY STATE,3SE-DIMENSIONAL,CONFINED FLOW. I 

ITS=1 
ITND=20 
READ{NREAD,101l)NPR08,IVEL,IDISCR,ORELAX $l 

1011 F0RMATi3I10,FIO.2) 
DO 9005 JPR0==1,NPR0B , 
WRITE(NPRINT,9003)JPR0 

9003 F0RMAT(///,20X,50('«M,/,20X, »••,13X,«PROBLEM NUMBER 
I I6,12X,•*«,/»20X,50(««')) 

C 
C READ AND PRINT GENERAL DATA 
C 
0001 READ iNREAD,2003) RH,RO ,HO,TH,HTOL ' %l 
2003 FORMATi 5F10,2) 
2004 WRITE {NPRINT,23) RW,RO,HO,TH,HTOL 

23 F0RMAT(//,15X,10HGENERAL INPUT DATA,//, 
I 10X,32HAQUIFER AnJD WELL CHARACTERISTICS,//, 
310X,19HRADIUS OF WELL = ,F10.3,//, 
^10X,22HRA0IUS OF INFLUENCE « ,F10.3,//, 
510X,24HHE IGHT OF WATER TAiiLE = ,F10.3,//, 
6I0X,24HTHICKNESS OF AQUIFER = ,F10.3,//, 
7I0X, 39HT0LERANCE FOR SUCCESSIVE HEAD VALUES « ,F10.3J 

C 
C READ AQUIFER AND GRAVEL PACK DATA 
C 

READ(NREAD,2013)AK,BK,VCR $1 
2013 F0RMAT(3F10.3) 

GCR'=AK*VCR+BK*VCR»*2 
PM=1./AK 
IF-IGCR.NE.O) PM=VCR/GCR 
HRITE(NPRINT,53) AK,BK,VCR,PM 

53 F0RMAT(///,20X,•AQUIFER PROPERTIES»/// 
1 lOX,'COEFFICIENT A =',F10.4// 
2 lOX,«COEFFICIENT 8 = «,F10.4// 
3 lOX,'CRITICAL VELOCITY = •,F10.4// 
h lOX, 'COEFFICIENT K = •,F10.4//I 
READ(NREAD,lll)IGP, lAQTA, IWBC $1 

111 F0RMAT(3I10) 
RGP=RW 
IF(IGP.EQ.O) GO TO 29 • 
READ(NREA0,33l)AGP,BGP.VGP,THGP 

331 F0RMAT{4F10.3) 
GRGP«AGP»VGP+BGP*VGP«»2 
PMGP-l./AGP 
IF(GR&P,NE.O) PMGP=VGP/GRGP 
WRITECNPRINT,153)AGP,BGP,VGP,PMGP 

153 F0RHAT(///,20X,'GRAVEL PACK PROPERTIES'/// 
1 lOX,'COEFFICIENT A =*,F10.4// 
2 lOX,'COEFFICIENT B » ',F10.4// 
3 lOX,'CRITICAL VELOCITY » •.FlO-4// 
^ lOX,'COEFFICIENT K =',F10.4,/) 
RGP«RW»THGP 
WRITECNPRINT, 163)THGP,RC4> 

163 FORMATUOX, ' THICKNESS OF PACK » •,F10.2// 
1 • lOX,'RADIUS OF PACK « SFIO.Z//) 

29 CONTINUE 
C 
C READ AQUITARD DATA. 
C IFIUQTA.EQ.O) GO TO 39 

READ(NREAD,7l)PA,tHA H f i K 



124. 
Tl F0RMAT{F10.̂ ,F10,2J 

6FAC=PA/THA 
WRITE(NPRINT,273)PA,THA 

273 FORMAT(///,20X,«AQUITARO PROPERTIES'.///, 
1 lOX,»HYDRAULIC CONDUCTIVITY «»,F10.5// 2 lOX,«THICKNESS «•,F10.2//) 39 CONTINUE 

C 
c 
C READ PRESCRIBED VALUE OF WELL DRAWDOWN OR DISCHARGE 

IFfIWBC.EQ.OJ GO TO 59 
READ{NREAD,20231HW 

2023 F0RMAT{F10,2» »it̂ N 
GO TO 69 

59 CONTINUE 
READ{NREAD,2023)QFIX tl cii 
TWPI=44./7. 
QFL=QFIX/(THPI*TH) 

69 CONTINUE 
C 
C GENERATE AND PRINT DISCRETIZATION PARAMETER. C 

READ(NREADt39I)NELF,SCFAC,FRLEN tl 
391 FORMATi I10,2F10.2) 

WRITEINPR INT,177 3) ORELAX 
1773 FQRMATdOX,'OVER-RELAXATION FACTOR =»,F10.4) 

CALL DCRGEN{R0,RW,NELF,SCFAC,FRLEN,NRR,NNE,H,XLEN) 
IF(IDISCR.EQ.O) GCJ TO 
WRITE (NPRINT, 33) NELF,SCFAC,FRLEN 

33 F0RMAT(2(/),15X,'DISCRETISATION DATA*,///, 
1 lOX,'NUMBER OF ELEMENTS IN FIRST SUBREGION «=»,110,///, 
2 lOX,'SCALE FACTOR FOR ELEMENT LENGTH =•,F10.3,///, 
3 lOX,"LENGTH OF FIRST SUBREGION ,FIO.3,///, 
V* SUBREGION «»lOX,'KO. OF ELEMENTS«, 15X,'LENGTH OF SUBREGION', 

C 
31 FORMAT(13) 

DO 55 1=1,NRR 
F0RMAT12I3,F8.2) .. 
WRITEiNPRINT,43) I, M( I),XLEN(II 

43 F0RMATi5X,I3,20X,I3,21X,F9.2| . , 
55 CONTINUE 
94 CONTINUE 

RI»=RW . : ; . 
NFNOD'l 
NN0DE=0 
NELEM=0 
NSEL=1 

C 
c 

DO 65 K=1,NRR 
NNOOE=NNODEi-(NNElK)-l)«H(Kl 
N£LEM=NELEMi-H(K) 

65 CONTINUE 
NN0DE»NN0DE+1 

C 
C PRINT OUT NO OF NODES AND N3 OF ELEMS 
C 

. WRITE(NPRINT,73) NNOOE,NELEM 
73 F0RMAT(3(/), 12X, 'TOTAL NUMBER OF NODES , 15,//,12X, 

1«TOTAL NUMBER OF ELEMENTS =',I5) 
DO 75 II»I,NRR 
MM«:Mlin 
NN'NNECin 
XL=XLEN(in 

c 
C GENERATE THE NODE COORDINATES 
C 

CALL CORDClIXL,MM,NN,X,RI,NFNODI 
C 
C DISCRETIZE THE REGION INTO ELEMS 
C 

CALL C0NC1{NSEL,N0D,NFN00,MM,NN) 
NFN0D«=NFN00<-lNNE(n )-i)*M( II) 

75 CONTINUE 
CALL HYPRGPi IPROP,NELEM,RGP,X,NOD) 

C 
C 
C FIND BANDWIDTH ETC,.. 

NN«3 
CALL EBFINDi NBAND,I 0,LEN,NOD, NELEH,NN,NN0DE1 
IFCIAQTA. EQ.O) GO TO 200 

C 
C FORM GROSS VECTOR,VD 
C 

ZEN(n«-1.0 
ZEN(2»«1,0 
ZEN<3)«0-0 
00 130 I-ltLEN 
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VOdî O.O 
130 CONTINUE 

00 135 IE»l,NELEM 
00 145 ĴltNN 
NJ«=N0D1 IE,J) 
XENiJJ=XiNJ,U 

145 CONTINUE 
SC«l. 
CALL ELGNDtXENiNN.OELK, IE,SC,Oi 
CALL MERBS(VO,NBANO,IO,DELK,NOO,NN,IE) 

135 CONTINUE 
200 CONTINUE 
c 
C  SET lOARCY  ' 
c 

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

99 CONTINUE 
599 CONTINUE 

IFdTS.EQ.l) GO TO 82 
DO 182 I=1,NN0DE 
H(n=HDAR(I) 

182 CONTINUE 
82 CONTINUE 
2EN(1)=-1,0 
ZEN{2)»I.O 
ZEN131=0.0 

C 
C  SET UP LOOP FOR ITERATION OH HEAD 

DO 999 III«=I TS,ITND 
C 
C  ZERO GROSS STIFFNESS MATRIX 
C 

DO 300 I=«1,LEN 
VK(n=0.0 

300 CONTINUE 
DO 305 I»1,NN0DE 
CK(Iin=0.0 

305 CONTINUE 
IFCIWBC.EQ.O) CKd, l)=-QFL 

C 
C  COMPUTE STIFFNESS MATRIX FOR EACH ELEM AND MERGE 
C 

NN=3 -
DO 350 IE = 1,NELEM 
DO 355 J=1,NN 
NJ=NOD(IE,J) 
XENi JJ»X(NJ, I) 
IF(III.EQ.l) GO TO 355 
KE(J)=H(NJ) 

355 CONTINUE 
IF(IPROP(IE).EQ.O) GO TO 755 
AKK=AK 
BKK=BK 
PKK=PM 
GO TO 365 

755 CONTINUE 
AKK=AGP 
BKK«BGP 
PKK=PMGP 

365 CONTINUE 
CALL ELGEN1CXEN,NW,SELK,AKK,BKK,HE»PKK«IDARCY,IE,OI 
CALL .«.ERBS(VK,NBAND,ID, SELK,NOO,NNf IE) 

350 CONTINUE 
C 
C  ADD LEAKAGE TERM CONTRIBUTED BY AQUITARD, 
C 

IFClAQTA.EQ.O) GO TO 86 
FTERM=BFAC/TH 
DO 106 ÎlrLEN 

106 VKin = yK{I) + VD(I)*FTERM 
86 CONTINUE 

C  SOLVE EQNS BY BANDED ELIMINATION SCHEME 
c 

NBAN«NBAND(1> 
DO 105 I=l,NBAN 
WKm»VKiI) 

105 CONTINUE 
NBD»1 
JBD(I)«NNODE 
DI.SPil)«HO 
CALL PBC(NBD,JBD,CK,DISPflOiVK» 

C 
C FI X WELL DRAWDOWN. 

IF(lwbc.EQ-O) GO TO 496 
JBDiU»l 
DISP(1I«HW 
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CALL  PBC(NBO,JBD,CK,OISP,IDfVK) 
496  CONTINUE 

NLL« 1 

CALL  SOLVDS{CK,VK,NBAND,NNODE,NLL) 

C 

C  PRINT  OUT SOLUTION  FOR FUNCTION 

C  ONLY THE DARCY AND FINAL  SOLUTIONS 

c 
IFdII.EQ.ll  GO TO 900 

IFdII.NE.Z)  GO TO 410 

GO TO 415 

410  CONTINUE 

415 CONTINUE 

NCOUNT=0 

EMAX=0. 

DO 450  I=1,NN0DE 

EPSI = CK{I,n-H(I) 

EPSIS = EPSI 

IF(ABS(EPSI).GT.EMAX)  EfAX=ABS(EPSI) 

IF( ABS(EPSI).LE.HTOL)  GO TO 460 

NCOUNT=NCOUNT+I 

H(I ) = H( n40RELAX«EPSIS 

GO TO 450 

460 CONTINUE 

H(n = CK(I,l) 

450  CONTINUE 

IF(NCOUNT.EQ.OJ  GO TO 1000 

GO TO  1999 

900  CONTINUE 

DO 950  I=1,NN0DE 

H(n = CK(I,I) 

HDAR(n=Hn) 

950 CONTINUE 

1999 CONTINUE 

C 

C  REGENERATE  IDARCY 

C 

DO 199  I=l,NELEM 

CALL SETARG(AK,BK,PM,AGPfBGP»PMGP,AKK,BKK,PKKfI PROPfI) 

CALL  VCHECK(NOD,H,X,ZEN,IDARCY,VEL,NN,AKK,&KK,PKK,VCR,I) 

199 CONTINUE 

999 CONTINUE 

1000 CONTINUE 

HRITE(NPRINT,543J 

543 F0RHATl///,20X,26{« *• }f/,20X,«*S5X,«FINAL  SOLUTI ON* , 5X, 

I •»«,/t20X,26(«#«)) 

WRITECNPRINT,413)11 I,EMAX 

413  FORMAT (////, lOX, «NO. OF ITERATIONS REQUIRED  =», 

I 15,//,10X,»ABSOLUTE  MAXIMUM ERROR IN HEAD =«,F10.3I 

IF(NCOUNT.NE-O)  GO TO 5000 

WRITE{NPRINT,433) 

433 FORMAT(//,20X,'HEAD  VERSUS RADIAL  DISTANCE»,//, 

1 lOX,'NODE',8Xt«R-COORDINATE«,8X,'HEAD  VALUE*,8X, 

2 »RHO-COORD'jSXi'TZI-COORD»,//) 

HW=HC1) 

DO 470  I=1,NN0DE 
RH0=0.5*XII,I)/TH 
TZI=(H0-H1I))/{HO-HW} 
WRITE(NPRINT, 1953)1 ,X( 1,1),HI I),RHO,TZI 

470 CONTINUE 
1953  F0RMAT(l0X,I3,4i8X,Fl0.4)) 

C 
C  EVALUATE NODAL VELOCITY FOR EACH ELEMENT 

C 

IF! IVEL.EQ.OI  GO TO 7000 

DO 3000  I=l,NELEM 

CALL SET A R G i  AK,SK,PM,AGP,BGP,PMGP,AKK,BKK,PKK,IPROP,n 

CALL  VCHECKlNCO,H,X,ZEN,IDARCY,VEL,NN,AKK,BKK,PKK,VCR,n 
3000 CONTINUE 

C 
C  AVERAGE THE VELOCITY AT EACH NODE 

C 

CALL  VAVEG1CVKEAN,VEL,N00,N 3̂DE,NELEM,NN) 

7000 CONTINUE 

c 
THPI«44.0/7.0 

QH»0.0 

DO 205  I»=l,NeAN 

QW»QW+WK(I)*H( I) 

206 CONTINUE 

QW=(-(TWPI*TH*QW) I 

WRITE  (NPRINT,2001)  QW 

2001 FORMATC///,I0X,'DISCHARGE  INTO HELL  -•,F12.4) 

BLEAK=RQ 

IFdAQTA.EQ.O)  GO TO 4505 

BLEAK-PM T̂H T̂HA/PA 

BLCAK-SQRT(BLEAK) 

4505 CONTINUE  ̂ nu TU i » 
CALL  TCURVl(H,HO,BLEAK,X,NNODE,QW,AK,BK,PM,TH,ll 
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5000 CONTINUE 

C 
C I F so RGQUIREO,USER MAY.CAUt- HIS PLOTTING SUDROUTINES C  
C C 
c AT THIS LOCATION. C 

C C 

c 
c TH E FOLLOWING PLOTS MAY BE OBTAINED -
C (1) DRAKOOWN VERSUS RADIUS CURVE,OBTAINEO BY USING VR&IABLES H, 
C XtNNOD E  
c (2) DIHENSIONLESS TYPE CURVES,OBTAINED BY USIMG VARIABLES HLESS, 
C TLESStNNOD E  
C (31 NODAL VELOCITY VERSUS RADIUS,OBTAINED BY USING VARIABLES 
C VMEAN,X,HNOD E  
C 
9005 CONTINUE 
9000 WRITE lNPRINT,9100) 
9100 FORMAT (IHLl 

STOP 
END 
SUBROUTINE DCRGENiRO,RW,NELF,SCFAC,FRLENtNRR,NNE,M,XLEN) 

C 
C GENERATE S DISCRETISATION PARAMETERS. 
C 

DIMENSION NNE(U,Mil),XLENCl) 
MAXNR=A0 
NNE{1)=3 '  
XLENil)=FRLEN 
M( n-NELF 
RLEN=RO-RW 
SUM = XLEN(1) 
DO 10 I=2,MAXNR 
XLEN(I )=XLEN(I-lî«SCFAC 
SUM=SUM«-XLEN( I) 
M(I)=NELF 
IF(NELF«GT.l) M(I)=NELF-I 
IF(I.LE.3> M(n = H(l ) 
NNEfll=NNE{l) 
IFÎSUH.GT.RLEN) GO TO 20 

10 CONTINUE 
20 CONTINUE 
XREK=RLEN+XLENl I )-SU« 
KRR=I~l 

C 
C SUBDIVID E THE REMAINING LENGTH. 
C 

ELEN=XLEN{NRR)/M(NRRl 
IFÎXREH.LE.ELEN» GO TO 30 
NRR=NRR4-1 
K(NRR)=XREM/ELEN 
XLENINRR)=XREM 
GO TO 40 

30 CONTINUE 
XREMî'XREMi-XLENiNRRl+XLENiNRR-l) 
XLEN{NRR-1)=XREM/(1.+SCFAC) 
XLEN(NRR» =XLEN{NRR-I)»SCFAC 

AO CONTINUE 
RETURN 
END 
SUBROUTINE CORDCl(XL,KM,NN,X,RI,NFNOD) 

C 
C - GENERATES NODAL COORDINATES. 
C 

DIMENSION X(200,ll 
nxL«xL/(MM*(NN-in 
NLNDD=NFNODi- (NN-1 )*MM 
DO 10 J=NFNOD,NLNQD 
X( J,U«RI •U-NFNOD) *0XL 

10 CONTINUE 
RI»X(NLN00,lî 
RETURN 

SUBROUTINE COMCKNSEL, N00,NFN0D,KM,NN) 

C DISCRETISE S THE REGION INTO 3-HODE LINE ELEMENTS. 
C 

DIMENSION NDÎNT(6I,N00(150,6) 

NDINT(l)=NFNOO 
NOINT{2) = NFNOni-2 
NDINT{3) = NFN0D-f'I 
NLST = NSrL +MM-1 
DO 10 L=NSLL,NLST 
DO 20 K=l,NM 
N0D(L,K)-=NDINT{KK(L-NSELI*(NN-I1 

20 CONTINUE 
10 CONTINUE 
NSEL«NLST+l 
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RETURN 
END 
SUBROUTINE ELGNO(XEN,NN,DELK,IE,SC,IVERT1 

C 
C  GENERATES ELEMENT MATRIX DELK FDR 3-NODE ELEMENTS. 
C 

DIMENSION XENil),DELK(6,6)tZGSP(6),WC(6),SHFi6l 
DIMENSION DSHF(6J 

NGP = 3 
ZGSP{I)=0.7745966692415 
ZGSP(2)=-ZGSP{n 
ZGSP(3)=0.0 
WC{ 1 )«=5.0/9.0 
WC(2)=WC(1) 
WCi3).--8.0/9.0 
DO 15 1=1,NN 
00 15 J=1,NN 
DELKd , J)=0.0 

15 CONTINUF. 
DO 10 1=1,NGP 
ZE=ZGSP(I} 
CALL SHFUN1(XEN,I,ZE,NN,XE,DSHF.TJ,SHF) 
XC=XE 
IF(IVERT.NE.O) XC=l.O 
DO 60 K=1,NN 
DO 50 L=1,NN 
IF(L-K)  50,40,40 

40  DELK(K,L)=DELK{K,L)+SHF(K)«SHF(L)*XC*HC(n*SC*TJ 
50 CONTINUE 
60 CONTINUE 
10 CONTINUE 
DO 70 K=1,NN 
DO 80 L=1,NN 
IF(L-K> 90,80,80 

90 DELK{K,L)=DELK(L,K) 
80 CONTINUE 
70 CONTINUE 

RETURN 
END 
SUBROUTINE ELGENI(X EN,NN,SELK,AK,BK,HE,PKK,IDARCY, I E,I VERT» 

C 
C  GENERATES ELEMENT MATRIX SELK FOR 3-NODE ELEMENTS. 
C 

DIMENSION XENi1),SELK(6,6),HEiI) 
DIMENSION ZGSP(6),WC(6),DSHFl 6> 
DIMENSION lOARCYill,SHF(6J 

c 
NGP = 3 
ZGSPIU =0.7745966692415 
ZGSP(2}=-ZGSP(IJ 
ZGSP<3J = 0.0 
WC(1} =5.0/9.0 
WC(2) = WC(1) 
WC{3) = 8-0/9.0 
DO 15 1=1,NN 
DO 15 J=1,NN 
SELKn,J)=0.0 

15 CONTINUE 
DO 10 1=1,NGP 
2E«ZGSPU) 
CALL SHFUN11XEN,I,ZE,NN,XE,DSHF,TJ,SHFI 
IF(IVERT.NE.O) XE=1. 
IF(IDARCY(IE).£Q.O)  GO TO 25 
HS=0.0 
DO 30 JJ=1,NN 
HS=HS+DSHF{JJ)*HE{JJI 

30 CONTINUE 
HS=ABS(HS/TJ J 
TEMP=0.5*AK«-SQRT(0.25»AK»«2*-BK«HSI 

C0NS=1./TEHP 
GO TO 35 

25 CONTINUE 
CONS=PKK 

35 CONTINUE 
DO 60 K=1,NN 
DO 50 L=1,NN 

40  SELMK!L)-SELK?>C,L)+(DSHF(K)*0SHF{L»*XE«HC(1)«C0NSJ/TJ 

50 CONTINUE 
60 CONTINUE 
10 CONTINUE 
DO 70 K«1,NN 
DO 80 L=1,NN 
IFCL-Kl 90,80,80 

90 SELK(K,L)«5ELK(L,K| 
80 CONTINUE 
70 CONTINUE 

RETURN 
END 
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S U B R O U T I N E S H F U N K X E N , I , Z E , N N , X E , D S H F , T J , S H F I 
C 
C GENERATES SHAPE FUNCTION MATRICES . SHF AND DSHF,FOR 3-NODE ELEMENTS. 

DIMENSION SHF(6),DSHF(6),XEM( I) 
c 

ZSQ»ZE«+2 
SHF(L)*0.5»(-ZE<-ZSQJ 
SHF(2) =0. 5»( ZE^-ZSQ) 
SHF(3)=L.0-ZSQ 
DSHF( n=-.5<^ZE 
DSHF(2)=0.5+ZE 
DSHF(3)=-2.0«ZE 
TJ«0.0 
X E » 0 . 0 
DO 10 J=«l,NN 
TJ^TJi-DSHFiJl^XENi J ) 
XE = XE-» SHF(J) «XENCJl 

10 CONTINUE 
RETURN 
END 
S U B R O U T I N E H Y P R O P ( I P R O P , N E L E H , R G P , X , N O D ) c 

C GENERATES PROPERTY INDEX FOR ALL ELEMENTS 
C 

DIMENSION IPR0P(L),N0D{150,3J,X(200,L» 
DO 10 I=l,NELEH 
NJ=N0D(I,3) 
IPROPilJ^l 
IF(X(NJ,1).LT.RGP) IPR0P(I)=0 

10 CONTINUE 
RETURN , .. . 
END 
S U B R O U T I N E E B F I N O ( N B A N D , I D , L E N , L O C , N M , N N T L L ) 

C 
C COMPUTES BANDWIDTH FOR EACH ROW OF THE GROSS MATRIX. 
C 

DIMENSION NBAND(L) , ID(1),L0C( 150,6),LV{6) 
c 

DO 20 I « 1,LL 
20 NBANDiI) « 1 

C 
C SCAN THROUGH THE LOCATION VECTOR FOR ELEH TO FIND THE POSITION 
C OF THE TERM FURTHEREST FROM THE DIAGONAL IN EACH ROW-
C 

DO 25 I»l,NM 
NF2= NN 
DO 30 J=1,NF2 
LV(J) = LOC( I, J) 

30 CONTINUE ^ 
DO 45 J = 1,NF2 
IF (LV(J).EQ-O) GO TO 45 
DO 40 K=1,NF2 
IF (LV(J).GT.LV(K)) GO TO 40 
NW,« LV(K)-LV(J)+l • 
NR « LVIJI 
IF (NW.GT.NBAND(NR) ) NBAND(NR)« NW 

AO CONTINUE 
45 CONTINUE 
25 CONTINUE 

C SET UP ID VECTOR AND COMPUTE LENGTH OF STIFFNESS VECTOR 
C ALSO CHECK THAT NBAND DOES NDT DECREASE BY MORE THAN 1 AT A TIME 
C 

LEN » NBAND(l) 
DO 50 I = 2,LL 
IF CNBANDdJ- NBAND(I-l).LT.O) NBANDd)« NBANOd-lJ-l 
LEN « LEN+NDANDCI) 

50 CONTINUE 
ID(1) «1 
DO 60 I«2,LL 

60 I D d ) » IDi I-1)+NBAND(I-1) 
RETURN 
END SUBROUTINE MERBS(V,NBAND,ID,R,LOC,N1,M11 

C MERGES ELEMENT MATRIX INTO GROSS VECTOR. 

^ DIMENSION veil, R(6,6 J,LOCI 150,6»,NBANDCli,ID(11 
C 

DO 10 I-l.Nl 
IK = LOCiMl, I) 
IFllK.EQ.O) GO TO 10 
DO 20 J«i,Nl 
JK « L0C(H1,J) 
IF (IK.GT.JK) GO TO 20 
IPOS = IO(IK)+JK"IK 
VCIPOS J V{ IPOSJ+RilfJ ) 

20 CONTINUE 
10 CONTINUE 

RETURN 
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END 
SUBROUTINE PSCiNBD, JBD, CK,0IS P, ID, VK) 

C 
C INTRODUCES PRESCRIBED BOUNDARY CONDITIONS. 

DIMENSION JBD{l),DISPiU,CK(200,n,I0il),VKIU 
DO iiOO I®=1,NB0 
NR«JBD(r) 
CK(NR,l» = UD+20*DISPin 
IDT-ID(NR) 
VK(IDTJ=l.D+20 

AGO CONTINUE 
RETURN 
END 
SUBROUTINE SOLVBSiC•V,NB,LL,NLL) 

C 
C SUBROUTINE FOR THE SOLUTION DF BANDED SYMMETRIC SYSTEM 
c 
C OF LINEAR EQUATIONS. THE COEFFICIENTS ARE STORED IN 
C VECTOR FORM IN V, THE LENGTH OF EACH ROW OF COEFFICIENTS 
C IN V IS GIVEN BY THE VECTOR N 
C 

DIMENSION V{l),NB(l),C(LL,NIL) 
DOUBLE PRECISION TEMP,TEMP2 

C 
ID=l 
DO 10 1=1,LL 
TEMP « V(ID) 
NEB = ID+NB(I)-I 

C 
C NORMALISE ROW I 
C 

DO 20 J= ID,NEB 
20 V(JJ V{JJ/TEMP 

DO 25 L = 1,NLL 
CiltL) = C(I,L]/TEHP 

25 CONTINUE 
C 
C ELIMINATION 
C 

IDl » ID+l 
IDJ = ID 
IF(IDl.GT.NEB) GO TO 35 
DO 30 J= IDl,NEB 
JI « J-IDI+I 
IDJ » IDJ • NB(JI) 
IF (V(J}) 50,30,50 

50 TEMP2 = TEHP*V(J) 
IDP = J 
DO ^0 K = IOP,NEB 
KJ = IDJ+K-J 

40 ViKJ) « V(KJ)-V(K)«TEMP2 
NJ = I+J-ID 
DO 32 L = ItNLL 
C(NJ,L1 = C(NJ,Li-Cn,LI«TEMP2 

32 CONTINUE 
30 CONTINUE 
35 CONTINUE "" "" 

ID = ID+N8(Il 
10 CONTINUE 

C 
C BACK SUBSTITUTION 
C 

ID » ID-1 
LLl « LL-l 
DO 70 IB = 1,LLI 
I = LLl-IB+I 
ID » ID-NBdl 
IS « I^I 
IN « I+NB(I)-l 
DO 80 J=IS,IN 
NJ = ID+J-I 

C 
DO 75 L» 1,NLL 
CII.L) « CCI.L) - C(J,L)»V(NJJ 

75 CONTINUE 
80 CONTINUE 
70 CONTINUE 

RETURN 
END 
SUBROUTINE S E T A R G i A K , B K , PM, AGP. BGP, PMGP, AKK, BKK,PKK , I PROP, 1) 

C IDENTIFIES THE PROPERTIES OF EACH ELEMENT. 
C 

DIMENSION IPROPil) 
IF( IPROP(n.EQ-O) GO TO 20 
AKK-AK 
BKK»8K 
PKK-PM 
GO TO 10 
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20  CONTINUE 

AKK=AGP 

BKK«BGP 

PKK P̂MGP 

10 CONTINUE 

RETURN 

END 

SUBROUTINE \ ĈHECK(NOD, H, X, ZEN . IOARCY, VEL.NN.AK,BK. PK, VCR, I) 

C 

i ELEMENT VELOCITIES  AND CHECKS IF  A PARTICULAR  ELEMENT  BELONGS 
C  TO OARCY  OR NON-DARCY  FLOW ZONE. 
c 

DIMENSION  N00(I50,3),X(200,I),ZEN(6},I0ARCY(ll,VELi150,6» 

DIMENSION XEN(6i,0SHF(6J,SHF{ 6) 

DIMENSION  H(200},HE{6) 

DO 3100  J=1,NN 

NJ=N0D(I,J} 

HE(J)=H(NJ) 

XEN(J) = X(NJ, 1> 

31.00 CONTINUE 

DO 3200  J=1,NN 

ZE=ZEN(JI 

CALL  SHFUN1{XEN,J,ZE,NN,XE,DSHF,TJ,SHFJ 

GRAD=0.0 

DO 3300  K=1,NN 

GRAD«GRAD+DSHF(K )«HE(K)/TJ 

3300  CONTINUE 

KS=ABSCGRAD» .  . 

TEHP«0.5*AK4-SQRT(0. 25*AK'»<«24-BK*HSi 

VEL(I,J)=-HS/TEMP 

IFi IDARCYd) .EQ.O)  VEL C1, J J=-HS*PK 

3200 CONTINUE 

IDARCY(I)=0 

IFCABSiVELd,3)).GT.VCR)  IDARCV(I)»l 

RETURN 

END ' 

SUBROUTINE  VAVEGl{VMEAN,VEL,NOD.NNODE,NELEH,NN) 

C 

C  COMPUTES  AVERAGE NODAL  VELOCITIES. 

C 

01 MENS I ON NOD{150,6),VHEAN(200,11,VEL(150,6),ICOUNT(200 J 

DATA  NREA0,NPRINT/I,3/ 

C 

KRITE(NPRINT,43) 

43 F0RMAT(*I',//,10X,»NODAL VELOCITY  PRINT  OUT*,///t 

n OX, • NODE».l X̂,«COMMON  ELEMENTS14X,•VELOCITY«,///) 

DO 10  J='I,NNODE 

VMEANi J, 1 )=0.0 

ICOUNT i J) =0 

10 CONTINUE 

DO 20  K=l,NELEM 

DO 30 J=1,NN 

NJ=NOD(K,J) .V. 

VMEANiNJ,1)=VMEAN(NJ,l)*VEL(K,Jl 

IC0UNT(NJ} = IC0Uf4T(NJ) + I 

30 CONTINUE 

20 CONTINUE 

DO 40 J=1,NN00E 

DIV=ICOUNTiJ) 

VMEAN(J,I1 = VHEAN(J, 1)/DIV 

WRITE(NPRINT,I3)  J,DIV,VMEANiJ , I) 

13  FORMAT(10X,I3,20X,F3.1,17X,F10.5) 

40 CONTINUE 

RETURN 

END 

SUBROUTINE 01SCHKTH,VMEAN,X, NSELCT, NFNOD, 11» 

C 

C  COMPUTES DISCHARGE  AT SELECTED VERTICAL  SECTIONS. 

C 
DIMENSION  VMEAN(200,l),X(200,l),QAVil),Q{200) 

DATA  NREAD,NPRINT/1,3/ 

HRITE(NPRINT,43) 

43 FOPMATI«I«.//»SX,«NODE  NO•,20X,«01SCHARGE«,//) 

CONST'6.2832 

NLN0D=NFN00+NSELCT-1 

QAV{II>=0.0 

DO 10  J=NFN0D,NLN0D 

QCJ)=C0NST*X(J,1)*TH«ABS(VMEAN(J,li) 

QAVdl ) = QAV( II ) + Q(J ) 

HRITECNPRINT,13)J,Q(J) 

13  FORMATC'0',10X,I3,20X,F10.4} 

10 CONTINUE 

QAVCII )=QAVl ID/NSELCT 

WRITE(NPRINT,23)II,QAV(H) 

23 FORMATi////,lOX,'MEAN  DISCHARGE FOR THE REGION NO',13,«  »•,F10.4) 

CONTINUE 

RETURN 

END 

SUBROUTINE  TCURVl(H,HO,B,X,NNOOE,QFIX,AK,BK,P«K,TH,J» 

c 



132. 

C COMPUTES TYPE CURVE FOR STEADY STATE FLOW. 
C 

DIMENSION H( l ) , X ( 2 0 0 , 1) 
T W P I = 4 ^ . / 7 . 

TMIS«PMK«TH 

PARAM=eK«QFIX«'TMIS/(TH<««2*fl*THPI) 
13 FORMAT ( l O X , I 5 , 2 0 X t F l 0 . 2 , 2 ( 1 0 X , E l 2 . 4 ) ) 

OENOH»:QFI X / ( TWPI»TMIS) 
WRITE(3 , 3 )PARAM 

3 F O R H A T ( / / / , 1 0 X , 5 0 ( * * ' 1 , / , 1 0 X , • * S 1 3 X , » S T E A D Y STATE TYPE CURVE* t 
I 12X , 10X ,50( • « • ) , / / / , 15X, •NON-LINEAR FACTOR »« ,F12-^) 

I F { J . E 0 - 2 ) GO TO 5 
W R I T E ( 3 , 2 3 ) 
GO TO 15 

5 CONTINUE 
W R I T E ( 3 , 3 3 ) 

15 CONTINUE 

23 FORMAT ( / / , 1 0 X , ' N O D E NUMBER«,15X,»R-COOROINATE*,lOX,»FUNCTION WtUl* 
I I lOXt 'ARGUMENT U« , / / ) 

33 F O R M A T i / / , 1 0 X , »NODE NUM BER',1 5X, • Z-C OORDINATE» , lOX, » FUNCT ION HiU)» 
1 ,lOX,»ARGUMENT U ' , / / } 

DO 10 I»=l,NNODE 
SORAW = HO-H( I I 
SLESS=SDRAW/OENOM 
R L E S S = X ( I , 1 ) / B 
W R I T E ( 3 , 1 3 ) I , X ( I , J ) , S L E S S , R L E S S 

10 CONTINUE 
RETURN 
END 
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4.2 LISTING OF TRCONl 
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INTEGRATED WELI.-AQUIFER SOLUTION SYSTEM. 

DEVELOPED BY P.S. HUYAKORN. 

TRCONl, PROGRAM FOR ANALYSING TRANSIENT,ONE-DIMENSIONAL,DARCY OR 

TWO-REGIME FLOW TOWARDS A PUMPED WELL. 

VERSION CATED OCTOBER,1973. 

FOR FURTHER  INFORHATION,CONTACT 

P.S. HUYAKORN OR C.R. DUDGEON 

WATER RESEARCH LABORATORY 

KING ST.,MANLY VALE 

SYDNEY,N.S.W. 2093,AUSTRAL I A. 

LIST OF INPUT VARIABLES 

PROBLEM VARIABLES 

NPROB  «= NUMBER OF PROBLEMS TO BE SOLVED 
IVEL  «  VELOCITY PRINT-OUT 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 I0ISCR=0 IF DISCRETISATION PRINT-OUT IS NOT REQUIRED 
OTHERWISE FEED IN IDISCR=l 

ORELAX  =  OVER-RELAXATION FACTOR FOR NON-LINEAR HEAD ITERATION 
SUGGESTED VALUE LIES BETWEEN 1.50 TO 1.85 

RH  =  RADIUS OF WELL SCREEN 
RO  «  EXTERNAL RADIUS DR RADIUS OF INFLUENCE 
HO  «  INITIAL HEIGHT OR DRAWDOWN OF WATER TABLE 
TH  «  THICKNESS OF AQUIFER 
HTOL  HEAD TOLERANCE FOR NON-LINEAR ITERATION ON HEAD VALUES 

C SUGGESTED VALUE IS 0.10 OR A FEW PERCENT OF HO-HW 
C  QFIX  «  PRESCRIBED WELL DISCHARGE 
C  I WAT  »  WATER TABLE AQUIFER INDEX,IWAT=1 FOR WATER TABLE AQUIFER, 
C IWAT=0 FOR CONFINED AQUIFER 
C  lAQTA  « ÂQUITARD INDEX,IAQTA=l IF THERE IS AN OVERLYING AQUITARD 
C IAQTA=0 IF THE MAIN AQUIFER IS CONFINED BY IMPERMEABLE STRATA 

IGP  «  GRAVEL PACK INDEX,IGP=1 FOR GRAVEL PACKED WELL, 
IGP=0 FOR NON-GRAVEL PACKED WELL 

IBOUND  «  EXTERNAL RADIUS BOUNDARY INDEX,IBOUND=l FOR RECHARGE 
BOUNDARY,I BOUNDED FOR BARRIER BOUNDARY 

IWBC  =  WELL DISCHARGE B3UNDARY CONDITION INDEX,IWBC=l IF WELL STORAGE 
.  IS TO BE TAKEN INTO ACCOUNT OTHERWISE IWBC=0 

RCSNG  »  RADIUS OF WELL CASING 
QRTOL  »  RATIO OF PRESCRIBED DISCHARGE TOLERANCE TO PRESCRIBED DISCHARGE 

SUGGESTED VALUE LIES BETWEEN 0.01 TO 0.02 
AK  «  FORCHHEIMER LINEAR HYDRAULIC COEFFICIENT OF AQUIFER 

FEED IN AK=l./PM IF ONLY DARCY FLOW SOLUTION IS REQUIRED 
WHERE PM = COEFFICIENT OF PERMEABILITY OF AQUIFER 

BK  «  NON-LINEAR HYDRAULIC COEFFICIENT OF AQUIFER 
IF ONLY DARCY FLOW SOLUTION IS REQUIRED SET BK=0. 

VCR  «= CRITICAL FLOW VELDCITY WHERE MON-DARCY FLOW COMMENCES 
SS  =  COEFFICIENT OF SPECIFIC STORAGE OF MAIN AQUIFER 
THGP  «= THICKNESS OF GRAVEL PACK 
AGP  »  LINEAR HYDRAULIC COEFFICIENT OF GRAVEL PACK MATERIAL 
BGP  =  NON-LINEAR HYDRAULIC COEFFICIENT OF GRAVEL PACK MATERIAL 
VGP  «  CRITICAL FLOW VELDCITY OF GRAVEL PACK MATERIAL 
SSP  =  COEFFICIENT OF SPECIFIC STORAGE OF GRAVEL PACK MATERIAL 
SY  -  COEFFICIENT OF SPECIFIC YIELD OF WATER TABLE AQUIFER 
DINDEX  «  RECIPROCAL OF DELAYED YIELD INDEX OF WATER TABLE AQUIFER 
PA  =  COEFFICIENT OF PERMEABILITY OF OVERLYING AQUITARD 
THÂ «  THICKNESS OF OVERLYING AQUITARD 

•••  DISCRETISATION PARAMETERS  ••• 

C 
c-
c 

NTICR 
TFACTR 
TMUL 
DTMUL 

NELF 

FRL EN 

SCFAC 

TOTAL NUMBER OF TIME STEPS 
VALUE OF THE FIRST TIME STEP,EXPRESSED IN DIMENSlONLESS FORM 
TIME MULTIPLIER,SUGGESTED VALUE VARIES FROM 1.50 TO 2.00 
INCREMENT OF TIME MULTIPLIER 
SUGGESTED VALUE IS 0TMUL=0, OR 0.02 
NUMBER OF 3-NODE LINE ELEMENTS IN FIRST SUBREGION 
SUGGESTED VALUE IS NELF=2 
LENGTH OF FIRST SUBREGION 
SUGGESTED VALUE IS FPLEN̂ .̂̂ RW 
FOR GRAVEL PACKFO WELL,FRLEN MUST NOT EXCEED THICKNESS OF PACK 
SCALE FACTOR TO BE USED IN COMPUTING THE LENGTHS OF REMAINING 
SUBREGIONS.SUGGESTED VALUE IS SCFAC«2.0 

LIST OF OUTPUT VARIABLES 
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c NNDDE 3 

c NELEM S 

c IT « 

c TMM « 

c TK S 

c X S 

c H e 

c TLESS B 

c 
c HLESS s 

c IQ s 

c SW s 

c QAQFR s 

c QSTRGE K 

c QCALL a 

c 
c QRDIF R 

c 
c NOD S 

c VEL S 

c VMEAN s 

c IDARCY B 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

TOTAL NUMBER OF SODES IN THE FINITE ELEMENT NETWORK 
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 ENO OF TIME STEP IT 
NODAL RADIAL DISTANCES FROM CENTRE LINE OF PUMPED WELL 
NODAL HEAD OR DRAWDOWN VALUES 
VALUES OF DIHENSIONLESS TIME AT NODAL POINTS,TLESS  CORRESPONDS 
TO THE ARGUMENT 1/U OF WELL FUNCTION WiUJ 
VALUES OF WELL FUNCTION AT NODAL POINTS 
DISCHARGE ITERATION NUMBER 
DRAWDOWN VALUE AT CURRENT TIME 
DISCHARGE FROM AQUIFER INTO HELL AT DRAWDOWN SH 
DISCHARGE FROM HELL STORAGE 
TOTAL CALCULATED DISCHARGE,QCALL=DISCHARGE FROM WELL STORAGE 
4-QAQFR 
RESIDUAL DISCHARGEtQRDIF = THE ABSOLUTE DIFFERENCE BETWEEN 
PRESCRIBED DISCHARGE AND CALCULATED DISCHARGE 
NODE CONNECTIONS OF ELEMENTS IN THE FINITE ELEMENT 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 ZONE, 
IDARCY=I FOR ELEMENTS IN THE NON-DARCY ZONE 

COKHON /AOISC/X(100,I),NOD(5O,3J,VCOREl3OOl 
COMMON /BDISC/M(50),XLEN(50),NNE{50» , JBD(2J,DISP(2> 
COMMON /AELEM/DELKi3,3),SELK(3,3),HEi3),ZEN(3) 
l,DSHF<3), XEN(3), SHF (3) 
COMMON /ASOL V/I START(IOO) ,N3A ND (100) , IDl 100 J 
COMMON /BSOL V/CK { 100, 1) ,VK{ 300) 
COMMON /CSOLV/VD(300),HTNT(100,1),GK(10O,l},CTFMPilOO,l) 
COMMON /APARA/TLESS (100),HLESS1100),TIME(60),SW(60) 
COMMON /BPARA/DSWt3),QCALC(3) ,VSl 10) ,0EL(6),GELK(6) 
COMMON /VC0M/IPR0P(50),IDARCY(50),Hi 100),VFL(50,3), VMEAN(100,1 I 
COMMON /AFLXX/FLEAK (100), QLEAK( 100 ), HCORE (900) ,HCOLD{ 100) 

D0UE4.E PRECISION ARGU,TERM,DE XP,EN,U,HWF 
DATA NREA0,NPRINT/1,3/ 

PRINT INITIAL  HEADINGS 

KRITF(NPRINT, 1773) 
1773 F0RMAT(*1*) 

WRITE(NPRINT,1003) 
WR!TE(NPRINT,1013) 
HRITC(NPRINT,1023) 
KRITEiNPR INT,1013) 
KRITE(NPRINT,1033) 
WRITECNPRINT, 1013) 
WPITE(NPR INT, 1003) 

993 FORMAT ( • 1 ' ,4X, 51H 
!••) 

1003 FORMAT ( 5X , 51H ) 
1013 FORMAT C5X,51 H * •) 
1023 FORMAT {5X,51H •  FINITE ELEMENT ANALYSIS OF WELL PROBLEMS  •) 
.1033 FORMAT (6X,«* TRANSI ENT,TWO REGIME FLOW TOWARD A SINGLE WELL »• ) 
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RrAD(NREA0,10l )NPROR,lVEL,IDr SCR,ORELAX 
101 FORMAT (31 10, FIO. 2» -

00 3555 JPRO=1,NPROB 
WRITH(NPRINT,<y00 3) JPRO 

9003 F0RMAT(///,20X,50C«'),/,20X,'«»,13X,-PROBLEM  NUMBER 

c 
C  READ AND PRINT GENERAL DATA 
C 

READ(NREAD,2003JRW,RO,HO,TH,HTOL ti 
2003 F0RMAT(5F10.2) 

WRITE(NPRINT,23)  RW,R0,H0,TH,HTOL 
23 FORMAT(///, 20X, 32HAQUIFER AND WELL CHARACTERISTICS,///, 
310X,19HRADIUS OF WELL  - ,F10.3t//, 
410X,22HRADriiS OF INFLUENCE = ,F10.3,//, 
510X,2AHHE IGHT OF WATER TABLE  = ,F10.3,//, 
6I0Xt24HTHICKNESS OF AQUIFER  « ,F10.3,//, 
710X,39HT0LERANCE FOR SUCCESSIVE HEAD VALUES = ,FIO.3,//I 
READtNREAD,51JQFIX j, 

51 FORMAT(F10.2) 
HRITEfNPRINT,277 3)QFIX 

2773 FORMATdOX, ' PRESCRI BED WELL DISCHARGE  »•,F12.3) 
0 
C  READ AQUIFER AND GRAVEL PACK DATA 
C 

REA0(NREAD,IIUIWAT,IAQTA,IGP,IB0UND,IWBC $1 
111 FORMAT(5110) 

I0UASI = 0 
IF( IKBC.EQ.O) QRT0L=0.0 
IF(IWBC.FQ.O) GO TO 309 
READ{NREAD,191)RCSNG,QRT0L $1,SK 

191 FORMAT(2F10.3) 
QRT0L = QRT0L«QFIX 
WRITE(NPRINT,193)RCSNG,QRTOL 

193 FORMAT(///,IOX,«RADIUS OF CASING  =*,F10.3,//, 
1 lOX, «DISCHARGE TDLERANCE «SFIO.S,//! 

309 CONTINUE 
READiNREAD,2013)AK,BK,VCR,SS 

2013 F0RMAT(3F10.3,EI0.2) 
GCR = AK*VCR<-BK<=VCR«*2 
PM=l./AK 
IFCVCR.GT.0.000001)  PM=VCR/GCR 
WRITE(NPRINT,53)AK,BK,VCR,PM, SS 
SS»SS*1000. 

53 FORMAT(///,20X,'AQUIFER  PROPERTIES'/// 
I lOX,«COEFFICIENT A =«,FI0.4// 
Z lOX,•COEFFICIENT B « •,F10,4// 
3 lOX,'CRITICAL VELOCITY = '.FIO.A// 
4 lOX,«COEFFICIENT K « •,FI0.4// 
5 lOX,«SPECIFIC STDRAGE  =«,E10.2) 
RGP=RW 
IF(IGP.EQ.O) GO TO 29 
READiNREAD,331)AGP,BGP,VGP,SSP,THGP $l,SK 

331  FORMAT(3F10.3,E10.2,F10.2) 
GRGP=AGP*VGP+BGP*VGP**2 
PHGP=1./AGP 
IFtVCR.GT.0.000001)  PMGP=VGP/GRGP 
HRITE(NPRINT,153)AGP,BGP,VGP,PHGP,SSP 
SSP=SSP*10.0**3 

153 FORMAT(///,20X, 'GRAVEL PACK PROPERTIES«/// 
1 lOX,'COEFFICIENT A =',F10.4// 
2 lOX,'COEFFICIENT B = '.FIO.̂ // 
3 lOX, «CRITICAL VELOCITY = «»FIO.A// 
 ̂ lOX,«COEFFICIENT K = «,FI0.4// 
5 lOX,'SPECIFIC STORAGE  =',E10.2) 
RGP«RŴ THGP 
WRITE(NPRINT,163)THGP,RGP 

163 FORMATdOX, ' THICKNESS OF PACK = *,F10.2// 
I lOX,'RADIUS OF PACK « «.FIO.E//) 

29 CONTINUE 

C  READ BDULTOM SPECIFIC YIELD DATA FOR UNCONFINED AQUIFER. 

C 
IFiIWAT.EQ.O) GO TO 96 
READ(NREAO, 171)SY,DIN0EX $1,SK 

171 F0RMAT(2EI0.2» 
SFAC=0IN()EX*SY/(6.«TH) 
WRITE(NPRINT,173) SY,DINOEX,SFAC 
OINOEX«=DINOGX/lOOO. 

173 FORMAT(///, 20X, «BOULTON DELAY YIELD DATA«,///, 
1 lOX,'SPECIFIC YIELD  ««,£70.3,//, 
2 lOX,«DELAY INDEX  ««,E20.3,//, 

3 lOX, «DELAY FACTOf<  »«,£20.3,//J 

96 CONTINUE 

C 
C  READ AND PRINT AQUITARO DATA. 

C 
lFC(IAOTA.EQ.O).ANn.(IQUASI.EQ.Oi»  GO TO 39 

RCAOiNREAD, 71)PA,THA 

71  F0RMAT(FI0.4,F10.2) 
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SA«0. 
WRITE(NPRINr,273)PA,SA,THA 

273 FORMAT(///,20X,«AQUITARO DATA«,///, 
1 lOX, 'MYORAUL IC C3N4DUCTIVI TY =*,F20.'V// 
2 lOX,'SPECIFIC STORAGE =SF20.'.// 
3 lOX,«AQUITARD THICKNESS ^'»FIO.B) 
SA=SA*1000-
BFAC»:PA/THA 

39 CONTINUE 
C 
c 
C GENERATE AND PRINT DISCRETIZATION PARAMETER. 
C 

READtNREAD, 12HNTICR,TFACTR,TKUL,DTMUL $l 
121 FORMATd 10,3F10.3) 

ITST«1 
NN00S=1 
HRITE(NPRINT,703)NTICR,TFACTR,TMUL,DTMUL 

703 F0RMAT(///,20X, «GENRRAL TIME DATA«,//, 
1 lOX,'NUMBER OF TIME INCREMENTS *=SI10,//, 

.1 lOXt'TIME FACTOR , //, 
2 lOX, «TIME MULTIPLIER =t,Fio«4,//, 
3 lOX,*INCREMENT OF MULTIPLIER «•,F10-4} 

C . 
C GENERATE ELEMENTS OF VECTOR TIME. 
C 

CALL TIGEN(NTICRtTFACTR,THUL,DTMUL,RW,PM,SS,IKBC,QFlXi 
REAO(MREAD,391)NELF,SCFAC,FRLEN $1 

391 FORMAT{IlC,2F10.2i 
CALL DCRGENlRO,RW,NELF,SCFAC,FRLEN,NRR) 
1F(IDISCR.EQ.O) GO TO 94 
WRITE(NPRINT,33JNELF,SCFAC,FRLEN 

33 FORMAT (3(/), 20X, 'DI SCRETISATION DATA«,///f 
1 JOX,»NUMBER OF ELEMENTS IN FIRST SUBREGION =«,110,///, 
2 lOX,«SCALE FACTOR FOR ELEMENT LENGTH =•,FIO.3,///, 
3 lOX, »LENGTH OF FIRST SUDREGION »• ,F 10. 3,///» 2X, 
4* SUBREGION •,10X,»N0. OF ELEMENTS',15X,«LENGTH OF SUBREGION«, 
5 //) 

C 
31 FORMAT(13» 

DO 55 1=1,NRR 
41 F0RHAT(2I3,F8.2) 

HRITF(NPRINT,43) I , Mt I ) ,XLEN(IJ 
43 F0RMAT(5X,I3,20X,I3,16X,F14.3) 
55 CONTINUE 
94 CONTINUE 

RI = RW 
NFNOO«=I 
NN0DE=0 
NELGM=0 
NSEL=l 

C 
c 

00 65 K«1,NRR 
NN0DE = NN0DE<- (NNE (KJ-1) «MC K) 
NELEM=NELEM + M(K) 

65 CONTINUE 
HNG0E«NN0DE<-1 

C 
C PRINT OUT NO OF NODES AND N3 OF ELEMS 
C 

IF( IDISCR.EQ.O) GO TO 104 
HRITE(NPRINTt73) NNODE,NELEM 

73 FORMATOi/) ,12X,«TOTAL NO. OF NODES - •,I5,//tl2X, 
1«TOTAL NO. OF ELEMENTS = 'tlS) 

104 CONTINUE 
DO 75 11=1,NRR 
M H « M ( i n 
NN=NNr:(in 
X L » X L E N n n 

c 
C GENERATE THE NODE COORDINATES 
C CALL C0RDC1(XL,MM,NN,RI,NFN30) 
C 
C DISCRETIZE THE REGION INTO ELEMS 
C 

CALL C0NC1{NSEL,NFNC0,MM,NN) 
NFN0D»NFN004-eNNE (11 )-H*M(II) 

75 CONTINUE 
CALL HYPROP(NELEMfRGP» 
IF(IDISCR.EQ.O) GO TO 114 
0X0=(X(2, 1)-X( I, I) )«*2 
ALPHA«SS*DX0«*2/12-0*PM*TIHE( 1)1 
WPITE(NPRINT,7773) ALPHA 

7773 FORMATi //,12X,'MESH STABILITY FACTOR «SE20.4) 
114 CONTINUE 

ROMAX-RO 
THPI = '*4./7. 
QFL«QFIX/(TWPI*THI 
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c 
C FORM GROSS VECTOR VD 

C 

NN«3 

CAIL EBFIND(LEN ,NELEH ,NN ,NNOOE) 

C 

Z E N ( I I = - 1 . 0 

Z E N ( 2 J = 1 . 0 

Z E N O j ^ ^ O . O 

DO 130 1=1 ,LEN 

V 0 ( I ) = 0 . 0 

130 CONTINUE 

0 0 135 IE = 1, NELEM 

0 0 145 J ^ l f N N 

N J = N O D ( I E , J ) 

X E N ( J ) = XiNJ, li 

145 CONTINUE 

sc«ss 
I F ( I P R O P i l E I . E Q . O ) SC=SSP 

CALL E L G N D ( N N t I E , S C , 0 ) 

CALL KERBD{NN , IE ) 

135 CONTINUE 

C 

C CALCULATE HEAD AT VARIOUS T IKE VALUES 

C 

TMIS=TH*PM 

D1FFUS=PM/SS 

UST'2 
DO 642 I=^1,NN0DE 

H C O L D ( I ) = HO 

F L E A K ( I ) = 0 . 0 

QLfcAK( I > = 0 . 0 

H { I ) = H O 

6 4 2 CONTINUE 

I F ( I T S T . E Q . l ) GO TO 1245 

CALL HREAOiNNODS, 1, 11 

CALL HFUHCH(NNODS, 3 , l i 

I F C I W A T . G T . O ) CALL HREADINNODS,I»21 

I F d W A T . G T . O ) CALL HPUNCH{NN0DS,3, 2> 

IST=NNODS+l 

DO 1345 I= IST ,NNODE 

1345 H ( n = HO 

GO TO 1445 

1245 CONTINUE 

DO 3545 I=1 ,NN00E 

3545 H ( r ) = H O 

1445 CONTINUE 

DO 2 4 5 I=1 ,NN0DE 

H I N T ( I , 1 J = H 0 

245 CONTINUE 

DELT=TIME(1 ) 

NDTO=NNOOE 

1THIN=NTICR 

QAQFR=2.*QRT0L 

SKOLD=0 ,0 

IST = 1 

C 

C SET IDARCY=0 

C 

DO 99 I=1 ,NELEH 

I D A R C Y ( I ) = 0 

9 9 CONTINUE 

C 

C LOOPING WITH LOOP PARAMETER I T » 1 , N T I C R 

C 

DO 7007 IT=ITST,NTICR 
K R I T E ( N P R I N T , 6 8 3 1 I T 

6 8 3 F 0 R M A T C / / / , 1 0 X , 3 5 ( » » M , / , 1 0 X , • » S 4 X , 

I »TIME STEP NUMBER = M 5 , 5X, • , / t lOX, 35 ( • ) J 

ITCUR=IT I F ( I T , G T . l ) DELT»TIMFIIT1-TIME(IT-1) 

CALrROE5T (O IFFUS ,TM ,NDTO .QF IX ,TMIS ,NST ,NN ,RO ,NELEM ,NNODE ,CUNSTJ 

THM«TM-DELT*0.5 

HBAND=NBANO(NNODE) 

TMIL»TMM/1000 . 

HRITF (NPRINT , 333)TMIL 

333 F 0 R H A T C / / / , 1 0 X , 4 1 C ^ M , / , 1 0 X , » * « , 9 X , « T I H E 

I E l 4 . 3 t 9 X , ' * ' r / . l O X . 4 l { » * ' ) , / / ) 

HRITEINPRINT , 343)R.n,NN0nR,NeLEM 

343 F O R M A T ! / , l O X , ' E S T I M A T E O RADIUS OF INFLUENCE « « . F I D - Z , 

l / / t lOX, «CC^PESPONn! NT, NO, OF NODES » S I ^ , / / ! 

210X , •CORRESPONDING NO. OF ELEMENTS « ' , 1 5 , / / ) 

C 

C COMPUTE DIMENSIONLESS TIME. 

C 

CONS«4 .0«OIFFUS«TMH 

DO 7 0 9 I=1 ,NN00E 

TLESS ( n = C O N S / X ( I , 1 

7 0 9 CONTINUE 
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c 
C  FOR UNCONFINED AQUI PER,COMPUTE BOULTON DELAYED YIELD, 

c 
IF( IWAT.EO.OIGO  TO 777 

ARGU=-DINDEX*DELT<>0 .5 

TERH=nEXP(ARGU) 

ES' ŜY'i'i 1. 0-TERHJ 

ES«eS/TH 

HRITE(NPRINT,903)ES 

ES»ES*1000. 

EN=ES/SS 
903 FORMAT(///,«  EFFECTIVE SPECIFIC YIELD  , EI4.4, 5)C. •/FT. • ) 
777  CONTINUE 

C 
C  INITIALISE  HEAD VALUES. 
C 

IF(IT.EQ.l)  GO TO 165 
677 CONTINUE 

DO 155  I=I,NNODE 
HINT{I,1)=H(I) 

155 CONTINUE 
165 CONTINUE 

LEN=NBAND(I) 
NBANDJNNODEI=l 
DO 169  I=2tNN0DE 
LEN=LEN+NBAND(I) 

169  CONTINUE 

CALL  VECMULiNNODE.LEN) 

C 
C  FOR UNCONFINED AQUIFER, ADD BOULTON DELAYED YIELD 
C 

IF(IHAT.EQ.O)  GO TO 278 
DO 178  I=ltNNODE 
GKil, n=GK(1, 1)*(1.+EN) 

178 CONTINUE 

IFdT.EQ.l)  GO TO 278 
FTERM=0.5«DELT*SFAC/SS 
DO 1170  I=liNNODE 

1176  CK(r,1)=QLEAK(I) 

CALL  VHUL(NNODE.LEN) 
DO 1278  I=1,NN00E 

1276 GK(I, l)=GKi I, l)+CTEMPi I, D F̂TERM 
278 CONTINUE 

C 

C  STORE FIRST  ELEMENT  OF MATRIX  GK FOR DISCHARGE  COMPUTATION. 

C 
GP=GK(1,1) 
IFIIHBC.EQ.O)  GK( 1, 1)=GK(I.IJ-DELT*QFL*0.5 

C 
C  SET UP LOOP FOR HELL DISCHARGE  ITERATION. 

C 

NQITER=5 
DO 998  IQ=1,NQITER 
IFdKBC.EQ.O)  GO TO 98 

C 
C  ADJUST VALUE OF WELL DRAWDOWN. 
C 

HRITECNPRINT,50031 
5003 FORMATi/, 5X, 30C-  MI 

CALL  SWM0D{!Q,IT,RCSNG,DELT,TIME,QFIX,QAQFR,QCALC, 

1SH,DSW,SW0LD) 

WRITE(NPRINT,8 33)IQ,0SW(IQ),SW(ITI 
833 FORHATi///, lOX, 'DISCHARGE ITERATION NUMBER  «»,110,//, 

1 10X,«0RAH00HN INCREMENT  -»»FIO.S,//, 

2 lOX,«DRAWDOWN VALUE  =«,F10.3,//» 

98 CONTINUE 
C 

C  SET UP LOOP FOR ITERATION ON HEAD 

C 
NITER=10 
IF(BK.LE.O.O)  NITER = 1 

DO 999 II I'IST,NITER 

C 

C  ZERO GROSS STIFFNESS MATRIX 

C 

DO 300  I»1,LEN 

VK{1)=0.0 

300 CONTINUE 

DO 305  I»1,NN0DE 

CK(I,1I=GK<I ,IJ 

305 CONTINUE 

C 

C  COMPUTE STIFFNESS MATRIX FOR EACH ELEM AND MERGE 

C 

NN-3 

00 350  IE»1,NELEM 

DO 355 J'lfNN 

NJ=NOi)t IE,J} 

XEN( JJ=X{NJ, II 

IFCIII.EQ.n  GO TO 355 
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HE(J)=H{NJ) 
355 CONTINUE 

IF(IPROPfIEÍ.EQ.O» GO TO 755 
AKK=AK 
RKK«BK 
PKK=PH 
GO TO 365 

755 CONTINUE 
AKK=AGP 
BKK=BGP 
PKK=PMGP 

365 CONTINUE 
CALL CLGENLINN.AKK, BKK, PKK, IE , Oí 
CALL HEP.B3(NN, IE) 

350 CONTINUE 
DO 530 1=1,LEN 
VK(1 )=VK( n<=oELT*o. 5+vom 

530 CONTINUE 
C 
C  ADD LEAKAGE TERMS CONTRIBUTED BY AQUITARD. 
C 

IFÍIAQTA»EQ.O) GO TO 86 
FTERM=0.5*0ELT*BFAC/{SS«TH) 
DO 106 1=1,LEN 
VKÍI n<-VD{I )*FTERM 

106 CONTINUE 
86 CONTINUE 

C 
C  FOR UNCONFINED AQUIFER, ADO BOULTON DELAYED YIELD. 
C 

IF{IWAT.EQ.O) GO TO 196 
DO 606 1=1,LEN 
VK(I)=VK( I)i-VD(I)*EN 

606 CONTINUE 
196 CONTINUE 

IF{ (RO.EQ.ROMAXl.AND.dBOUND.EQ.Oi )G0 TO 296 
NB0=1 
JBD(1)=NN0DE 
DISP{l>=HO 
CALL PBC(NBD) 

296 CONTINUE 
C 
C  FIX THE HELL DRAWDOWN, 
C 

NLEN=NBAND(1) 
DO 378 I=1,NLEN 
VS(I1=VK(I) 

378 CONTINUE 
IF(IWBC.EQ.O) GO TO 496 
JBDil)=l 
DISP(li=SW(IT)+HO 
CALL PBC(NBD) 

496 CONTINUE 
C 
C  SOLVE EQNS BY BANDED ELIMINATION SCHEME 

C 
NLL= I 
CALL SOLVBS(NNODE,NLL) 

C 
C  PRINT OUT SOLUTION FOR FUNCTION 
C  ONLY THE DARCY AND FINAL SOLUTIONS 
c 

IF(III.EQ.i) GO TO 900 
415 CONTINUE 

EMAX=0.0 
NC0UNT=0 
DO 450 I=l,NNOOE 
EPSi«=cKci,n-H(n 
EPSIS=EPSI 
IFtABS( EPSn.GT.EMAX) EMAX=AB SíEPSH 
IFÍABSÍEPSI).LE.HTOL)  GO 13 460 
NCOUNT«NCOUNT+1 
IFt(lST.E0.2).AND.(III.EQ.2)) GO TO 460 
H(n = Hi ntORELAX*EPSIS 
GO TO 450 

460 CONTINUE 
Hin = CK(I,lJ 

450 CONTINUE 
IF(NCOUNT.EQ.O) GD TO 1000 
G«3 TO 1999 

900 CONTINUE 
DO 950 I=1,NN00E 
HtI»=CK{I,l) 
HL'ESSn )«CHO-H(ni/CUNST 

950 CONTINUE 
1999 CONTINUE 

IFÍNITER.EQ.IÍ GO TO 999 
C 
C  REGENERATE IDARCY 
C 
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D O 1 9 9 1 « 1 , M E L E M 
C A L L S E T A R G i A K , 8 K , P M , A G P t B G P , P M G P , A K K , B K K , P K K , 1 ) 
C A L L V C H r C K i N N i A K K , B K K , P K K , V C R , 1 ) 

1 9 9 C O N T I N U E 
I F ( l O A R C Y d J . E Q . O ) G O T O 1 0 0 0 

9 9 9 C O N T I N U E 
1 0 0 0 C O N T I N U E 

W R I T E t N P R I N T , / . 1 3 U I I t E M A X 
4 1 3 F 0 R M A T { / / , 1 0 X , ' N O . O F I T E R A T I O N S R E Q U I R E D F O R F I N A L S O L U T I O N 

I , / / , l O X , ' M A X I H U H A B S O L U T E E R R O R I N H E A D = ' , F 1 0 . 3 ) 
t 

C H E C K F O R A C C U R A C Y O F D I S C H A R G E R A T I O . 

1 F ( I W B C . E Q . O ) G O T O 2 1 0 2 
D W O = ^ D S W ( I Q ) 
C A L L A Q D I S ( G P , N L E N , Q A Q F R , Q C A L C , Q R 0 I F , D E L T , T H , R C S N G , D S W , I Q , Q F I X | 

15 

9 9 0 
1102 

4 7 0 
T L E S S ( n = T L E S S i n * T M / T M M 

P R I N T F I N A L D I S C H A R G E V A L U E S . 

Q C A L L = ^ Q C A L C ( I Q ) 
Q S T R G L ' = Q C A L L ~ Q A Q F R 
W R I T E ( N P R I N T , 1 2 0 3 ) Q A Q F R , Q S T R G E , Q C A L L , Q R D I F 

1 2 0 3 F 0 R H A T ( / / / , 1 0 X , ' D I S C H A R G E F R O M A Q U I F E R I N T O W E L L « • , F 1 2 . 4 , / / , 
I l O X , « D I S C H A R G E F R O ^ I W E L L S T O R A G E = ' t F 1 4 . 3 , / / , 
1 l O X , « T O T A L C A L C U L A T E D D I S C H A R G E = ' , F 1 4 . 3 , / / , 
2 1 0 X , ' R E S I D U A L D I S C H A R G E _ = * , F 1 0 . 4 ) 

I F ( Q R D I F . L E . Q R T O L ) G O T O 1 1 0 2 
C O N T I N U E 
C O N T I N U E 
S W O L O ^ S W d T ) 

2 1 0 2 C O N T I N U E 
0 0 4 7 0 I ^ l j N N O D E 
H L E S S ( I ) = { H a - H ( I ) ) / C U N S T 
I F { ( I T C U R . G T . I T ) . A N D . { I Q . E Q . l l 1 
C O N T I N U E 
C A L L R O U T ( N N O D E ) 

2 0 1 0 C O N T I N U E 
N D A N D ( N N O D E ) = M B A N O 
I F ( I T . G T . I T M I N ) G O T O 5 7 7 
I F d T C U R . G T . I T ) G O T O 7 0 0 0 
T M I L « = T M / 1 0 0 0 . 
W R I T E I N P R I N T , 3 3 3 ) T H I L 
I T C U R = I T + 1 
G O T O 6 7 7 

5 7 7 C O N T I N U E 
T M I L = T M / 1 0 0 0 . 
H R I T E < N P R I N T , 3 3 3 ) T M I L 

: O B T A I S H E A D V A L U E S A T T H E E M D O F T I M E I N T E R V A L B Y E X T R A P O L A T I O N . 

D O 4 7 7 I » 1 , N N 0 D E 
T L E S S ( I I = T L E S S ( I ) * T M / T M M 
H ( n = 2 . 0 « H ( I ) - H I N T ( 1 , 1 ) 
H L E S S ( I ) = 1 H 0 - H ( I ) ) / C U N S T 

4 7 7 C O N T I N U E 
I F d W B C . E Q . O ) G O T O 7 0 0 9 
S H T E M P ' S H O L D 
S K O L D = H ( I ) - H 0 
Q F R s Q A Q F R 
D H T E M P = S W C L D - S W T E M P 
Q A Q F R = Q F R * S W n L O / S W T E M P 
A C S N G = 2 2 . * R C S N G « * 2 / 7 . 
T R K = A B S ( A C S N G * 0 W T E M P « 2 . / D E L T ) 
Q C A L L = Q A Q F R » - T R M * 1 0 . ^ * 3 
Q R D 1 F = A B S { Q F I X - Q C A L L ) 
S W ( I T ) = S W 0 L D 
W R I T E ( N P R I N T , 1 2 0 3 ) Q A Q F R , Q C A L L i Q R D I F 
Q W S T R » O C A L L - Q A Q F R 
I F ( A B S ( Q W S T R ) . L T . Q R T O L ) I W B C = 0 

7 0 0 9 C O N T I N U E 
C A L L R O U T i N N O D E ) 

: E V A L U A T E N O D A L V E L O C I T I E S 

I F ( I V E L . E Q . O ) G O T O 7 0 0 0 
D O 3 0 0 0 I » = 1 , N E L E M 
C A L L S E T A R G i A K , B K , P H , A G P , B G P » P M G P , A K K , 6 K K , P K K , n 
C A L L V C H F C K { N N , A K K , 3 K K , P K K , V C R , n 

3 0 0 0 C O N T I N U E 
N N « = 3 
C A L L V A V E G l I N N O D E f N E L E M t N N i 

- 7 0 0 0 C O N T I N U E 

F O R H A T E R T A B L E A Q U I F E R , C O M P U T E F I R S T P O R T I O N O F B O U L T O N ' S I N T E G R A L . 

I F ( I W A T . E Q . O ) G O T O 7 0 0 7 
I F ( I T . E Q . N T I C R ) G O T O 7 0 0 7 
C A L L B S I H P ( N N i i n £ , T H , O I N O E X f S Y , D E L T f i T t l T H I N I 
D O 8 0 0 7 I « l , N N O O E 
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K C O L O { n « H ( n 
8007 CONTINUE 
7007 CONTINUE 

C 
C PUNCH OUT SOLUTION AT FINAL TIME. 
C 

CALL HPUNCHiNNODE,2»n 
IF{IMAT.GT.O ) CALL HPUNCHINNODE,2,2J 

5000 CONTINUE 
3555 CONTINUE 

STOP 
END 
SUBROUTINE ELGEN11NN,AK,BK,PKK,IE»IVERTI 

0 
C GENERATES ELEMENT MATRIX SELK FOR 3-NODE ELEMENTS. 
c 

DIMENSION ZGSPOi, WC(3) 
COMMON /AELEH/DELK(3,3),SELK(3.3J,HE(3),ZEN(3i 
1,DSHF(3),XEN(3),SHF{3) 

^ COMMON /VCDM/IPR0P(50),IDARCY(50),H1100),VEL(50,3I, VHEAN( 100,1) 

KGP=»3 
ZGSPIl)=0.7745966692415 
ZGSP(2)=-ZGSP{1) 
ZGSPi3)=0.0 
HCCll=5.0/9.0 
WC(2)=WC{1) 
HC(3)=8.0/9.0 
DO 15 1=1,NN 
00 15 J=1,NN 
S E L K d , J)=0.0 

15 CONTINUE 
DO 10 1=1,NGP 
ZE=ZGSPiI) 
CALL SHFUN1(I,ZE,NN,XE,TJ) 
XC=XE 
IF{ WERT.NE.Ol XC=1.0 
IF(IOARCY(IE).EQ.O) GO TO 25 
IF(IVFRT.NE.O) GO TO 55 
HS=0.0 
DO 30 JJ=1,NN 
HS=HS+DSHF(JJ)«HE(JJ> 

30 CONTINUE 
HS«ABS(HS/TJ) 
TEMP=0.5*AK+SQRTiO-25*AK+*2+BK«HSI 
C0NS«1./TEMP 
GO TO 35 

55 CONTINUE 
CONS«0.0 
DO 65 JJ=1,NN 

65 CONS=CONS+HE(JJ)*SHF(JJ) 
GO TO 35 

25 CONTINUE 
CONS=PKK 

35 CONTINUE 
DO 60 K=1,NN 
DO 50 L«=1,NN 
IF(L-KI 50,40,40 

40 SELK(K,L)=SELK(K,L)+(0SHFÌK)*DSHFÌL1*XC»WCCIÌ»C0NS)/TJ 
50 CONTINUE 
60 CONTINUE 
10 CONTINUE 

DO 70 K=1,NN 
DO 80 L=1,NN 
IF(L-K) 90,80,80 

90 SELK(K,L)=SELK(L»K) 
80 CONTINUE 
70 CONTINUE 

RETURN 
END 
SUBROUTINE SHFUNU I,ZE,NN,XE,TJ) 

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

COMMON /AELEM/DELKi 3,3),SELK(3,3),HE(3J,ZEN{31 
l,DSHF(3l,XEN(3),SHF(3) 

C 
2SQ»ZE*«2 
SHF(n=0.5*(-ZE + ZSQ> 
SHF(21»0.5»( ZE+ZSQi 
SHFI3) = 1.0-ZSQ 
DSHFi l>»-.5«-ZE 
DSHF(?)«0.5+^ZE 
DSHF(3I«-2.0«ZE 
TJ«0.0 
XÉ-0.0 
DO 10 J=«1,NN 
TJ«TJ*05HF(JI*XEN(J) 
XE-XE*SHF(J)*XEN(JI 

10 CONTINUE 
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RETURN 
END 
SUBROUTINE CORDC I (XL,MM,NN,NFNOD) 

C 
C  GENERATES NODAL COORDINATES. 
C 

COMMON /ADISC/X(100,1),NOD(50,3)tVCOREt300) 
DXL«XL/(HM«tNN-lJ) 
NLNOD-NFNOD«- (NN- 1J «MM 
00 10 J=NFNQO,NLNOD 
X(J,1)»RI•(J-NFNOO)«OXL " 

10 CONTINUE 
RI=X(NLNOD,l) 
RETURN 
END 
SUBROUTINE CONCl(NSEL,NFNOD,MH,NN) 

C 

C  DISCRETISES THE REGION INTO 3-NODE LINE ELEMENTS. 

DIMENSION NDINTO) 

COMMON /ADISC/X( 100,l),N0D{50,3),VC0RE(300) 
C 

NDINTtl)=NFN00 
NDINT{2)=NFN00+2 
NDINT( 3}=NFN00-H 
NLST=NSEL+HM-l 
00 10 L=NSEL,NLST 
DO 20 K=1,NN 
N0D(L,K) = N0INT(K)4-(L-NSEL)«(NN-1) 

20 CONTINUE 
10 CONTINUE 
NSEL=NLST+1 
RETURN 
END 
SUBROUTINE MERBD(N,H) 

C 
C  MERGES ELEMENT MATRIX DELK INTO GROSS VECTOR VD. 
C 

COMMON /ADISC/X(100,1),NOD{50,3),VCORE(300) 
COMMON /AELEM/DELK(3,3),SELK(3,3),HE(3),ZEN(3) 
l,DSHF(3),XEN(3),SHFi3) 
COMMON /ASOLV/ISTARTdOO) ,NBAND{100),ID(100) 
COMMON /CS0LV/VD(300) iHINTdOO, 1) ,GKI100,1) ,CTEMP(100,1I 
DO 10 I«1,N 
IK=NOD(M,I) 
IFdK.EQ.O)  GO TO 10 
DO 20 J=1,N 
JK̂-NOD<H, J) 
IF(IK.GT.JK)  GO TO 20 
IP0S=1D{IK) + JK-IK 
VDlIPOS)=VD(IP0S)+0ELK(1,J) 

20 CONTINUE 
10 CONTINUE 

RETURN 
END 
SUBROUTINE MERB3(N,H) 

C 
C  MERGES ELEMENT MATRIX SELK INTO GROSS VECTOR VK. 
C 

COMMON /ADISC/X(100,1),NOD(50,3),VCORE{300) 
COMMON /AELEM/DELK{3,3),SELK(3,3),HE(3),ZEN(3) 
l,DSHF(3),XEN(3),SHF(3) 
COMMON /ASOLV/1 START{100) .NBANDdOO) ,10<100) 
COMMON /BSnLV/CK( 100, I) ,VK( 300) 
DO 10 I«l,N 
IK=NOD(M,I) 
IFdK.EQ.O)  GO TO 10 
DO 20 J=1,N 
JK«NOD(M,J) 
IFdK.GT.JK)  GO TO 20 
IPOS=IDiI K)4-JK-IK 
VK( IPnS) = VK( IPOS)»SELKd,J) 

20 CONTINUE 
10 CONTINUE 
RETURN 
END 
SUBROUTINE EBFINDi L EN, NM, NN,L L» 

C 

C  COMPUTES BANDWIDTH FOR EACH ROM OF THE GROSS MATRIX. 

C DIMENSION LV(3) 
COMMON /AOISC/X(100,I),N00{50,3),VCDREi300) 
COMMON /ASOtV/ISTARTdOO) ,NBAND(100) ,IDdOO) 
DO 20 I=--l,LL 
NBANDd)»! 
ISTARTd)«! 

20 CONTINUE 
C 
C  SCAN THROUGH THE LOCATION VFCTOR FOR EACH MEMBER TO FIND 
C  THE POSITION OF THE TERM FURTHEREST  FROM THE DIAGONAL IN EACH ROW 
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NF2«3 

00 25  I»l,NH 

DO 30 J=l,NF2 

LV( J) = NOD(I, J ) 

30 CONTINUE 

DO 45 J='l,NF2 

IF(LV(J).EQ.OIGO  TQ 45 

DO 40 K=1,NF2 

ircLViJ).GT.LV(K))  GO TO 40 ' 

NW==LV(K)-LV( J)+l 

NR=LV(J) 

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

40 CONTINUE 

45 CONTINUE 
C  SEARCH FOR THE FURTHEREST OFF-LEFT  TERM 

C 
DO 55 J«=l,NF2 

IFiLViJi.EQ.O)  GO TO 55 
DO 65 K=l,NF2 

IFCLViJJ.LT.LVtK))  GO TO 65 
NW==LV(K) 
NR=LV'(JJ 
IFiNW.LT.ISTART(NR) ) I START(NR)=NH 

65 CONTINUE 
55 CONTINUE 
25 CONTINUE 

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

LEN=NBAND(1) 
DO 50 1=2,LL 

IF(NBAND( n-NBAND(I-l).LT.O)  NBANDC I)=NBANOC I-I)-l 
LEN=LEN<-NBAND{ I) 

50 CONTINUE 
ID(1)«1 
DO 60  1=2,LL 

60  IDiIl=ID(I-l)*NBAND(I-lJ 
RETURN 
END 

SUBROUTINE S0LVBS{LL,NLL1 

C 
C  SUBROUTINE  FOR THE SOLUTIOM OF BANDED SYMMETRIC EQUATIONS. 
C 

COMMON /ASOLV/ISTARTdOO) ,N( IGOJ, IDUM( 1001 

COMMON /BSOLV/C(100,1),V(300) 

DOUBLE PRECISION TEMP,TEMP2 

1D=1 

DO 10 1*1,LL 

TEMP=V(IO) 

NEB=ID+N(I)-l 

C 

C  NORMALISE  ROW I 

C 

DO 20 J=ID,NEB 

20 ViJ)=V(J)/TEMP 

DO 25 L=1,NLL 

C(I,L)=C(ItLI/TEMP 

25 CONTINUE 

C 

C  ELIMINATION 

C 

101»ID+1 

IDJ'ID 

IFdDl.GT.NEB)  GO TO 35 

00  30 J = ID1,NEB 

JI=J-IDl+I 

lOJ'I DJ+N(JI ) 

IF<V( J) )50,30, 50 

50 TEMP2«TEMP*V(J) 

rDP=J 

DO 40 K=I DP,NEB 

KJ«IDJ*K-J 

40 V(KJ)=VIKJ)-V<K)»TEMP2 

NJ«=I+J-I0 

00 32 L=lfNLL 

C(NJ,L)=C(NJ,L)-C(I,L)»TEMP2 

32 CONTINUE 

30 CONTINUE 

35 CONTINUE 

IO*ID+N(I) 

'  10 CONTINUE 

c 
C  BACK SUBSTITUTION 

C 

ID-IO-1 

LLl«LL-l 

00 70  IB-ULLl 

I-LLl-lB l̂ 
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ID«1[)-N( I ) 

IS«I+1 

IN=I+N( U-l 

DO 80  J=IS,IN 

NJ=-I0<J-1 

DO 75  L«1,NI.L 

CdtL l=C{ I,L )-C{ J,L )=fV{NJ) 

75 CONTINUE 

80  CONTINUE 

70 CONTINUE 

RETURN 

END 

SUBROUTINE  PBC(NBD) 

C 

C  INTRODUCES PRESCRIBED  EOUNDARY  CONDITIONS. 

c 
COMMON  /ASOLV/ISTART(100),NBANO(lOO)tIDllOOJ 
COMMON /BSOLV/CK(I.OO,n fVK(300) 

COMMON /BDISC/M(50} ,XLEN(50),MNE{50),JBD(2) ,DISP(2) 

DO 400  1=1,N3D 

NR=JBD{I) 

CK(NR, n= I.D<-20*DISP( I ) 

IDT=ID(NRJ 

VK(IDTJ=l.D+20 

AOO CONTINUE 

RETURN 

END 

SUBROUTINE  HYPROP(NELEH,RGP) 

C 

C  GENERATES  PROPERTY  INDEX FOR ALL  ELEMENTS 

C 

COMMON /ADISC/X( 100 ,1) t NOD( 50 , 3 )» VCOREl 300) 

COMMON /VC0M/IPR0P{50), IDARCYC50),H(100),VEL(50,3), VHEANi100,1) 

DO 10  I=l,NELEM 

NJ=N0D(I,3) 

IPROP{I)=l 

IF(X(NJ,1).LT.RGP)  IPROPII)=0 

10 CONTINUE 

RETURN 

END 

SUBROUTINE  SETARGiAK,BK,PM,AGP,BGP,PMGP,AKK,BKK,PKK,I) 

C 

C  IDENTIFIES THE PR3PERTIES OF EACH ELEMENT. 

C 

COMMON /VCOM/IPROP(50),IDARCY(50),H(100),VEL{50,31, VMEAN{100,1) 

1F(IPROP(I).EQ.O)  GO TO 20 

AKK ÂK 

BKK*BK 

PKK=PM 

GO TO  10 

20 CONTINUE 

AKK«=AGP 

BKK=BGP 

PKK=PMGP 

10 CONTINUE 

RETURN 

END ' 

SUBROUTINE v'CHECKl NN, AK,BK,PK , VCR, 11 

C 

C  COMPUTES ELEMENT VELOCITIES  AND CHECKS IF A PARTICULAR  ELEMENT  BELONGS 

C  TO DARCY  OR NON-DARCY  FLOW ZONE. 

C 

COMMON /ADISC/X( 100 , I ), NOD( 50 , 3) , VCORE { 300) 

COMMON /AELEM/DELKt 3,3),SELK( 3,3),HE(3) , 2EN( 3) 

l,DSHF(3),XEN(3),SHF{3)  ̂ ,, 

COMMON /VCOM/IPROP(50),1DARCY(50),H{100)tVEL{50,3), VMEANiIDO,11 

DO 3100 J=1,NN 

NJ=NOO(I,J) 

HE(J)=H{NJ) 

XENiJ)=X(NJ,1) 

3100 CONTINUE 

DO 3200  J«1,NN 

ZE«ZEN(J» 

CALL SHFUNU J,ZE,NN,XE,TJI 

GRAD=0.0 

DO 3300  K»l,NN 
GRAD=GRA0+DSHF(K)«HE(K)/TJ 

3300 CONTINUE 
HS«ABS(GRAD) 

TEMP=0.5«AK+SQRT(0.25»AK»*2*BK«HS) 

VELCI,J)=~HS/TEMP 

IF( IDARCYdl .E0.0 5 VEL ( I, J)  HŜ PK 

3200 CONTINUE 

IDARCY(I)«O 

IF(A3S<VEL(I,3)).GT.VCR)  IDARCYCIJ«! 

RETURN 

SUBROUTINE  roest(DIFFUS.th.NDTO.QFIX.this,NSUNN.RO.NELEH,NNOOE, 

1CONST) 
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C  ESTIMATES RADIUS OF INFLUENCE AT TIME TH. 
C 

COMMO»̂ /ADISC/X( 100 , U , NOD( 50, 3), VCORE( 300) 
FPI=ep./7. 
C0NST=QFIX/{FPI*THIS) 
00 10 I'̂NST, NDTO 
U«X{ I , U**2/(4.0«DIFFUS*TM) 
WW=W{U) 
SDRAW=CONST*WW 
IF(SDPAW.GT.0,005) GO TO 10 
NNOOE=I 
GO TO 20 

10 CONTINUE 
NNODE=NOTO 
NELEM=(NN0DE~1)/(NN-li 
GO TO 30 

20 CONTINUE 
NELEM=(NNODE-1)/(NN-1)+1 
IFtNELEM.LT.3)NEL£M=3 
NN0DE = NELEM*(NN-1)<-1 

30 CONTINUE 
R0=X(NN00Et1) 
IF(NNDDE.GT.NDTO) NNODE=NDTO 
RETURN 
END 
FUNCTION W(U) 

C 
C  COMPUTES THE IS WELL FUNCTION. 
C 

WC«-0.5772-ALOGIU) 
W=WC 
TERM=l 
J=1 
DO 10 1=1,30 
TERM=(TERM«U)/I 
IF(J.EQ.O) GO TO 20 
H=W+TERM/I 
J=0 
GO TO 30 

20 CONTINUE 
H=W-TERM/I 
J = l 

30 CONTINUE 
EPSI=ABS((H-WC)/W) 
IF(EPSI.LE.O,Ol) GO TO 40 
HC«H 

10 CONTINUE 
AO CONTINUE 
RETURN 
END 
SUBROUTINE ELGNDiNN,IE,SC,I VERT) 

C 
C  GENERATES ELEMENT MATRIX DELK FOR 3-NODE ELEMENTS, 
C 

DIMENSION WC<3),ZGSP(3) 
COMMON /AELEM/DELK(3,3),SELK( 3,3),HE(3),ZEN(3) 
l,DSHF(3),XEN(3),SHF(3) 
COMMON /VC0M/IPR0P(50),IDARCY150),H(100),VELÌ50,3),VMEAN(1D0,1) 

SV=SC 
NGP = 3 
ZGSPd )=0.7745966692415 
2GSP{2J=-IGSP(1) 
ZGSP(3)=0.0 
HC(1)=5.0/9.0 
WC(2)=WC(l) 
HC(3)=8.0/9.0 
DO 15 1=1,NN 
DO 15 J«1,NN 
DELKtI,J)=0.0 

15 CONTINUE 
DO IO I-1,NGP 
ZE=ZGSP(I) 
CALL SHFUNK I,ZE,NN,XE,TJ) 
XC«XE 
IFCIVERT.NE.O) XC»1.0 
IF<IVERT.EQ.O) GO TO 25 
IF( IPARCYdE ).EQ.O) GO TQ 25 
SV=0.0 
DO 65 JJ=1,NN 

65 SV=SV+HE(JJ)»SHF(JJ) 
25 CONTINUE 
DO 60 K=l,NN 
DO 50 L»l,NN 

40 OELKÌKIL)-DELK(K ,L ) •SHF (K)*SHF{L)«XĈWCU)*SC*TJ 
50 CONTINUE 
60 CONTINUE 
IO CONTINUE 
DO 70 K=l,NN 
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DO 80  L»1,NN 

IF(t-K)  90,30,00 

90  DFLK(K,L»=0GLK(L,KI 

eO  CONTINUE 

70 CONTÌNUE 

RETURN 

END 

SUBROUTINE VECMUK NNODE »LEN ) 

C 

C  PERFORMS  VECTOR«HATRIX  MULTIPLICATION. 

C  VKO  =  VK«D 

C 

COMMON /ASOLV/ISTART(ICQ),NBANO(1 GO),ID(100) 

COMMON  /CS0LV/^{300J,D(100,1),VKD(100,1),CTEMP{100.1) 

DO  10  1 = 1,NNODE 

is=iD(n 

IL=1D(I )<-NBAND{I)-l 

L = 1 

VKD(I,L)=0.0 

DO  20 J=IS, IL 

K=I+J-IS 

VKDd ,L)=VKD(I,L) + VK(J)»D{K,L) 

20  CONTINUE 

IF(I.EQ.l)  GO  TO  40 

11=1-1 

IST=ISTART(I) 

DO 30  J=IST,II 

K=U-J + l 

IP=ID{J)+K 

30 VKOd ,LJ=VKD(I ,L)<-VK(IP)*D(J,L) 

40  CONTINUE 

10  CONTINUE 

RETURN 

END 

SUBROUTINE  VKUL(NNODE,LEN) 

C 

C  PREFORM VECTOR+MATRIX  MULTIPLICATION. 

C  CTEMP=VD«CK 

c 
COMMON /ASOLV/ISTARTIIOO) ,N8A ND (100 ) ,ID {100 ) 

COMP.ON /BSOLV/CKdOO, 1) ,VK( 30 0) 

COMMON /CSOLV/VD(30 0),HINT(lD0,li,GK(100,11,CTEMP(100,1I 

DO  10  1=1,NNODE 

IS«ID(I) 

IL«ID<I )4^N8AND(I)-1 

L»l 

CTEMPdtl )=0.0 

DO 20  J = IS,IL  . 

K* 1̂+J-IS 

CTEMPd ,l>=CTEMPd, 1I+VD(JI*CK(K, 1) 

20  CONTINUE 

IFd.EQ.l )  GO TO  40 

11=1-1 

lST«ISTARTdl 

DO 30  J=IST,II 

K=Il-J^l 

IP«IO{J)+K 

30 CTFMPt I,n=CTEMP{I, 1)4̂ VD{ IP)*CK(J,l) 

40  CONTINUE 

10  CONTINUE 

RETURN 

END 
SUBROUTINE TIGEN(NT ICR,TFACTR,TMUL,DTMUL,RW, PM,SS, I HBC,QFIX) 

C 

C  GENERATES  DISCRETE  TIME  VECTOR,TIME. 

C 
COMMON /APARA /TLESSd0O),HLESSd00),TIME(60),SW{60) 

SWST=0.8 

CUN=22.«RW**2/(7.»QFIX«TFACTR) 

TIMFd)=TFACTR 

DO  10  I=2,NTICR 

T1ME( l)=TIMEd-l)*TMUL 

TMUL' T̂MUL+OTMUL 

10  CONTINUE 

RR»RW+1.99 

C0NST=RR**2*SS/t4.0*PMl 

IFdWPC.NE.O}CONST=lOOO.«CUN^SHST 

DO  20  1=1, NT ICR 

TIME(I)=TIMEtI)*CONST 

20  CONTINUE 

RETURN 

END 

SUBROUTINE  MPUNCHiNNODE,LfINDEXJ 

c 
C  PUNCHES  OUT  HEAD VALUES  AT FINAL  TIME. 

C 
COMMON /WORKA/VWORK(900) t. i  v/MCAwfinn  il 

COMMON /VCnVIPROP (50),IDARCYi50),H(100),VFL(50,3),VMFAN̂ 

COMMON /AFLXX/FLEAK(100),OLEAK(100),HCORE(900  ).HCOLD(100) 

NPOINT-NNODE 
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DO 15 I«l,NPOINT 
IF( INDEX.EQ.11 VHORK(I)«H(n 
IF{ INOEX.EQ. 2)VW0RK (n»a£AK{ I i 

15 CONTINUE 

NCAR0=NP0INT/6 
NCARDT=NCARD«-2 
WRITE{3,23>NCARDT 

.23 FORMAT (///, lOX, • TOTAL Nl̂ÎBEîl OF PUNCHED CARDS  -•.110) 
WRITE{L,3JNM0DE 

3 FORMATIIIOJ 
IST̂l 
00 10 J=l,NCARD 
IEND'1ST4-5 

WRITE (L,13)(VW0RK{ I Ì, I»IST, lEND) 
13 F0RMAT(6E13. 5) 

IST=IEND<̂1 
10 CONTINUE 
NREM=NP0I NT-NCARD»=6 
IENO=IST<-NREH-l 
WRITE IL,13) (VWORK( 1), 1« 1ST, lEND) 
RETURN 
END 
SUBROUTINE HREADiNNODE,L,INDEX) 

C 
C  READS IN HEAD VALUES AT INITIAL TIME. 
C 

COMMON /WORKA/VWORK(900) 
COKMÔJ /VCOM/IPPnP(50),IOARCY(50),H(100),VEL(50,3), VMEANdOO,!) 
COMMON /AFLXX/FLEAK(100),QLEAK( 100 ), HCORE {900) , HCOL Di 100) 
READ(L,3)NN0DE 
NPOINT=NNODE 

3 FORMAT{II0) 
HCARD=NP0INT/6 
NCARDT=NCARD+1 
IST=1 
DO 10 JîljNCARD 
IEN0=IST + 5 
READ(L, 13 )(VW0RK(I) ,I=»IST, lESDI 

13 FORMAT(6E13. 5) 
IST=IEND«-l 

10 CONTINUE 
NREM=NP0INT-NCARD*6 
IEND=IST4̂NREM-1 
READ(L,13){VWORK(I),1«I ST,lEND) 
DO 15 I=1,NP0INT 
IF(INDEX.EQ.l) H(n=VWORKCn 
IF( INDEX.EQ.2)QLEAK<n=VW0RKC I) 

15 CONTINUE 
RETURN 
END 

SUBROUTINE DCRGEN[RO,RW,NELF, SCFAC.FRLEN,NRR) 
C 
C  GENERATES DISCRETISATION PARAMETERS. 
C 

COMMON /BDISC/M{50) ,XLEN(50),NNE{50),JB0(2),DISP(2) 
HAXNR=40 
NNE(1)=3 
XLENd )=FRLEN 
H(1I=N£LF 
RLEN=RO-RW 
SUM=XLENtl) 
00 10 I«2,MAXNR 
XLENCI)=XLEN<I-1)*SCFAC 
SUM=SUMîXLEN( I) 
M(n=NELF 
IF(NELF.GT.l) M(I) = NELF-I 
IFCI.IE.3) M(I)=M(1) 
NNc(n=NNE(l) 
IF(SUM.GT.RLEN) GO TO 20 

10 CONTINUE 
20 CONTINUE 
XREH-RLEN+XLEN( I )-SUM 
NRR=I-l 

C 
C  SUBDIVIDE THE REMAINING LENGTH. 
C 

ELEN=XLENÌNRR)/MÌNRRI 
IF(XREM.GT.ELEN) GO TO 30 
M{NRR)=M(NRR)+l 
XLENiNRR)=XLEN(NRR)+XREH 
GO TO 40 

30 CONTINUE 
NRR=NRR+l 
HiNRR)=XREM/{SCFAC*ELEN)+l 
XLEN(NRR>=XPEM 

 ̂ CONTINUE 
RETURN 

SUBROUTINE SWMODIIQ,IT,RCSNG,DLTA,QFIX,QAQFR,SWOLD) 
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C  ADJUSTS THE VALUE OF WELL DRAWDOWN. 

COHHON  /'-PARA/TLf;SS1100l,HLF;SS(100),TIME(60l,S«(601 

ACSNG=22.0*RCSNG**2/7»0 
IF{ IQ.NE. 11 GO TO 1.5 
QRATIO'̂QAQFP./QFIX 
IF(ABS(QRATIO).GF.O.O) GO TO 10 
TMM=TIME( IT1-0.5<=DL TA 
FACTR=0,5<'DELT/ACSNG 
QDEL=QFIX-QAQFR*0.95*TIME{IT)/TMM 
IF(ABS(QRATI0).GF..0.5) QOEL»QF I X-QAQFR 
DSW(IQ)=FACTR»Q0EL 
DSW(IQ)=-DSW{IQ) 
GO TO 20 

10 CONTINUE 
TOLD=TrME{IT-2) 

ARGL1 = (TIHE( IT)-0.5*DLTA)/T0LD 
ARGL?.= TIHE( IT-U/TOLD 
TL0G=AL0G(ARGL1)/AL0G(ARGL2) 
DSW(IQ)={SW( IT-l)-SW(IT-2))*( U-TLOG) 
DSW{IQ1=-DSW(IQ) 
IF(DSW{IQl.GT.O.) 0SW(IQ)=0.0 
GO TO 20 

15 CONTINUE 
IFiIQ.GT.2) GO TO 25 
OSW( IQ)=DSW( IQ-1 )*C!FIX/QCALC( IQ-11 
GO TO 20 

25 CONTINUE 
DDSW=DSHi IQ-11-DSW{IQ-2} 
TERM1=QPIX-QCALC(IQ-1) 
TERM2=QCALC(lO-l)-QCALC(IQ-2) 
DQR=TERM1/TERM2 
DSW( IC)) = DSW( IQ-1)+0DSW»DQR 

20 CONTINUE 
SW(IT)=D5W(IQ)+SW0LD 
RETURN 
END 
SUBROUTINE AQDIS ( GP,NLEN, QAQF R, QRDIF, DELT,TH, RCSNG, DSW, IQ,QFIXI 

c 
C  COMPUTES TOTAL DISCHARGE INTO THE HELL. 
C 

COMMON /VC0H/IPR0P(50),IDARCY(50),H(100),VEL150,3), VMEANi100,1) 
COMMON /BPARA/DUM(3 1,QCALCi3),VS{ 10) , QEL ( 6 ) , GELKi 6) 
SUM=0.0 
DO 10 I=1,NLEN 
SUM=SUM+VS(I)+H( I) 

10 CONTINUE 
SUM=SUM-GP 
TWPI=44./7. 
SUM=-SUM*TWPI»TH*2./DELT 
QAQFR=SUM 
ACSNG=0.5*TWPI»RCSNG**2 
TRH=ABS{ACSNG*DSW*2./DELT) 
QCALX=QAQFR4-TRM*I0.**3 
QRDIF=ABS(OFIX-QCALX) 
QCALC(IQ)=QCALX 
RETURN 
END 
SUBROUTINE ROUTtNNODEJ 

C 

C  PRINTS OUT HAED VALUES AT FINAL TIME. 

C 
COMMON /ADISC/X( 100,1),NOD(50»3),VCORE{300) 
COMMON /VCOM/IPROP(SO),IDARCY(50),H( 100),VEL(50,3), VMEAN(100,1) 
COMMON /APARA/TLESS(100),HLESS{ 100) , TIME (60), SW(601 
DATA NREAD,NPRINT/1,3/ 
HRITE(NPRINT,53) 

53 FORMAT(///) 
WRITE{NPRINT,3) 
WRITEINPRINT,13) 
MRITE(NPRINT,23) 
WR1TE(NPRINT, 13) 
HRITEiNPRINT, 3) 

3 FORMAT(5X,50(**' )) 

23 F0RHAT(5X,'*'.UX,'FINAL RESULTS OF ANALYSI S*, 12X, • »» ) 

HRITE(NPRINT,33) 

DO 10 I=l,NMODE MRITE(NPRINT,43)I,X{I,l),H(n.TLE5Si n,HLESS(I) 

11 F0PMln///,20X,'HEAD .VS. RADIUS AND ^̂  ̂• ¡̂J. W( U) • ,///. 
I lOX, • NODES 1 ox, «R-COGRn', lOX, 'HEAD' , I'tX, • l/U', 19X, 

43̂ FORMAT(ioX, I3,6X,F10.2,8X.F10.4,7X,E11.A,10X,F10.'VI 

RETURN 

SUBROUTINE BSIMP (NNOOE,TH,DHOEX,SY,OELT,IT,ITMINi 
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C  EVALUATES BO'JLTON« S CONVOLUf IONAL INTEGRAL BY SIMPSON'S 1/3 RULE. 
c 

DIMENSION FN(3J 
COMMON /APARA/TLESS(100),HL?SS(100),TIME(60),SW(60) 
COMMON /CS0LV/VD(30 0),HINTi100, U,GK(1 CO,1),CTtMP(I 00,II 
COMMON /VC0M/IPR0P{50) ,I0ARCY(50) ,H().00),VEH50,3),VMFAN(1D0, 1 ) 
COMMON /AFLXX/TLEAK(100 ),QLEAK(100),HCOR£(900),HCOL0(100) 

c 
DOUBLE PRECISION UEXP,ARGU,FN,QCUNT 

c 
WRITE(3,3 ) 

3 FORMAT{///,20X,«LEAKAGE NODAL FLUX',///ilOX,«NODE NO.», 
1 20X,»FLUX VALUE',//) 
ITM«IT-1 
IFUTH.EO.O)  GO TO 5 
TM=TIME(ITMJ 

TOLD-(TIME{IT)<-TIHE(ITM))«0.5 
GO TO 15 

5 TM=0.0 
TOLD-0.5*TIHE( IT) 

15 TKH-{TIME(IT)+TIHE( IT + 1))*0.5 
C 

DO 20 11=1,3 
TC=TM<-DELT*( II-I)*0.5 
ARGU=-(THM-TC)*nINDEX 
FN( II ) = DEXP( ARGU) 

20 CONTINUE 

ARGU=--DINDEX*(TMH-T0LD) 
NN0D1=NN0DE-1 
QLEAK(NN0DE)=0.0 
DO 30 I=1,NN0DI 
TF( IT.GT. ITMIN) GO TO 40 
T1=2.*FN( 1)«(HINT( I , 1)-HC0LD( I ) ) ^̂  ̂
T2=4.*FN(2)*(H( I )-HCnLD{I ) ) 
T3»=2.*FN( 3)*(H(I )-HINT( I, I) ) \ 
OQ  «=Tl + T2+T3 // ' WATE R REFERfMCE  ' 
GO TO 50 !l , ippApY 

AO CONTINUE LIBRAE /  
DQ  = (Hi I)-HINT( I, 1) J*{FN( 2)+FN(3) ) 

50 CONTINUE 
DQ=-DQ 
QCUNT=QLEAK(I)*DEXP{ARGU) 
IF(DQ.LT.O.O) DQ=0.0 
QLEAKi I ) = QCUNT+DQ 
WRITE<3,I3)I,QLEAKCI) 

13 FORMAT{ L0X,I 5,20X,E13.3) 
30 CONTINUE 
WRITE(3,I3)  NNODE,QLEAK(NNODE) 
RETURN 
END 
SUBROUTINE VAVEGl(NNODE,NELEM,NN) 

C 
C  CCWPUTES AVERAGE NODAL VELOCITIES. 
C 

DIMENSION ICOUNT(IOO) 
COMMON /VCOM/IPROP{50),IDARCY(50),H(100),VELt50,3), VMEAN( 100,1) 
COMMON /ADISC/X( 100 , 1) , NOD(50 ,3),VCORE{ 300) 
DATA »JREAD,NPRINT/1 ,3/ 

C 
WRITE(NPRINT,43) 

A3 FORHATC 1',//,l0X,'NODAL VELOCITY PRINT OUT',///, 
I lOX,'NODE',IAX,'COMMON  ELEMENTS',lAX,'VELOCITY',///) 
DO 10 J=l,NNODE 
VMEAN{J,1 )=0.0 
ICOUNT(J)=0 

10 CONTINUE 
DO 20 K»̂1,NELEM 
DO 30 J=1,NN 
NJ=NOD(K,J) 
VKEAN(NJ, l) = VMEAN{NJ, l)*VEL(K,JI 
IC0UNT(NJ) = IC0UNT(NJ)4-1 

30 CONTINUE 
20 CONTINUE 
DO AO J-1,NNODE 
OIV=ICOUNT<J) 
VMEAN( J, 1 )«VMEAN( J, 1)/DIV 
WP.ITFiNPRiNT, 13) J,DIV,VMEAN( J, I) 

13 FORMATl•0',L0X,I3,20X,F3.1,20X,F10.5) 
AO CONTINUE 
RETURN 
END 
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c 
C  INTEGRATED  WGLL-AQUIPGR  SOLUTION  SYSTEM. 

c 
C  DEVELOPED  BY  P.S.  HUYAKORN, 

C 

C  STCDN3,PROGRAM  FOR  SOLVI ĴG  STEADY , TWO-D IMENSIONAL.DARCY  OR  TWO-REGIME 

c 
C  FLOW USING TRIANGULAR  ELEMENTS. 

C 

C  VERSION  DATED  OCTOBER,1973. 

C 

C  FOR  FURTHER INFORMAT I ON,CONTACT 

C 

C P .S.  HUYAKORN  OR C.R.  DUDGEON 

C 

C WATER  RESEARCH  LABORATORY 

C 

C KING ST.,MANLY  VALE 

C 

C SYDNEY,N.S.W.  2093,ALSTRALI A. 

C 

C ALL  READ  STATEMENTS  ARE  LOCATED  IN  THE MAIN 
C 

c PROGRAM  AND  INDICATED  BY  $1  OR tl,SK  SIGN 

C 

C  LIST  OF  INPUT  VARIABLES 

C 

C*̂ **  PROBLEM  VARIABLES 

C 

C  NPROB NUMBER  OF  PROBLEMS  TO  BE  SOLVED 

C  IVEL  »=  VELOCITY  PRINT-OJT  INDEX 

C FEED  IN  IVEL=0  IF  VELOCITY  PRINT-OUT  IS  NOT  REQUIRED  OTHERWISE 

C FEED  IN  IVEL=I 

C  IDISCR  =  DISCRETISATION  DATA  PRINT-OUT  INDEX 

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

C OTHERWISE  FEED  IN  IDISCR=I 

C  ORELAX  =  OVER-RELAXATION  FACTOR  FOR NON-LINEAR  HEAD  ITERATION 

C  ̂ SUGGESTED  VALUE LIES  BETWEEN  1.50  AND  1.85 

C R H c   RADIUS OF  WELL  SCREEN 

C  RG =  EXTERNAL  RADIUS  3R  RADIUS  OF  INFLUENCE 

C H O «  INITIAL  HEIGHT  OR  DRAWDOWN OF  WATER TABLE  AT EXTERNAL  RADIUS 

C T H «  THICKNESS  OF  AQUIFER 

C  HTOL  =  HEAD TOLERANCE  F'Ĵ  NON-LINEAR  ITERATION  ON HEAD  VALUES 

C SUGGESTED  VALUE  IS  0,10  OR  A FEW PERCENT  OF  HO-HW 

C  IGP  «=  GRAVEL  PACK  INDEX,1GP=I  FOR  GRAVEL  PACKED  WELL, 

C IGP=0  FOR NON-GRAVEL  PACKED  WELL 

C lAQT A  «  AQUITARD  INDEX,IAaTA=l  IF  THERE  IS  AN OVERLYING  AQUITARD 

C IAQTA=0  IF  THE  MAIN  AQUIFER  IS  CONFINED  BY  IMPERMEABLE  STRATA 

C A K «  FORCHHcIMER  LINEAR  HYDRAULIC  COEFFICIENT  OF  AQUIFER 

C FEED  IN  AK  = l./P̂   IF  ONLY  DARCY  FLOW SOLUTION  IS  REQUIRED 

C WHERE  PM  = COEFFICIENT  OF  PERMEABILITY  OF  AQUIFER 

C B K «  NON-LINEAR  HYDRAULIC  COEFFICIENT  OF  AQUIFER 

C IF  ONLY  DARCY  FL3W  SOLUTION  IS  REQUIRED  SET  BK=0. 

C VC R  =  CRITICAL  FLOW VELOCITY  WHERE NON-DARCY  FLOW  COMMENCES 

C AG P  =  LINEAR  HYDRAULIC  COEFFICIENT  OF  GRAVEL  PACK  MATERIAL 

C BG P  =  NON-LINEAR  HYDRAULIC  COEFFICIENT  OF  GRAVEL  PACK  MATERIAL 

C VG P  =  CRITICAL  FLOW VEL3CITY  OF  GRAVEL  PACK  MATERIAL 

C THG P  »  THICKNESS  OF GRAVEL  PACK 

C  BTGP  =  HEIGHT  OF  BASE  OF  GRAVEL  PACK  ABOVE  BASE  OF  AQUIFER 

C P A =  COEFFICIENT  OF PERMEABILITY  OF OVERLYING  AQUITARD 

C TH A  =  THICKNESS  OF  OVERLYING  AQUITARD 

C  HW «  HEIGHT  OF  WATER LEVEL  IN  THE  WELL  OR WELL  DRAWDOWN 

C 

C***  DISCRETISATION  PARAMETERS 

C 

C  FBLEN  =  LENGTH OF FIRST  SUBREGION 

C SUGGESTED  VALUE  IS  FRLEN=RW  . 

C FOR  GRAVEL  PACKED WELL,FRLEN  MUST SOT  EXCEED THICKNESS  OF  PACK 

C  SCFAC  =  SCALE  FACTOR  TO  BE  USfD  IN COMPUTING  THE  LENGTHS  OF  REMAINING 

C SUBREGIONS.SUGGESTED  V&LUE  IS  SCFAC-l.SO 

C XLMA X  =  PRESCRIBED  M̂ X̂IMUM  BLOCK  LEfJGTH  TO AVOID  ILL-CONDITIONED 

C ELEMENTS.MAXIMUM  VALUE  OF  XLMAX  SHOULD  VOT  EXCEED  25.*TH 

C  IREG -1  «  NUMBER  OF REPEATED  REGULAR  BLOCKS  WITH THE  SAME  NUMBER  OF  NODES 

C ON  THE LEFT  AND RIGHT  VERTICAL  LINES 

C SUGGESTED  VALUE  IS  IREG=2 

C NMI N  «  MINIMUM  NUMBER  OF  NODES  ¿LONG  A VERTICAL  LINE 

C T O MINIMISE  THE  TOTAL  NUMBER  OF  NODES,SUGGEST  NMIN«2 

C IPENT R  «  PENETRATION  INDEX  TO INDIC\TE  VJHETHER  THE  WELL  PARTIALLY  OR 

C FULLY  PENETRATES  THE  AQUlFtk 

C IPENTR-1  IF  THE  WELL PARTIALLY  PENETRATES  THE AQUIFER  AND 

C BOTTOM ENTRY  TH'OUGH SCRFEN  IS  TO BE  TAKEN  INTO  ACCOUNT. 

C ' OTHERWISE  1PENTR=0 

C  NDSC  -  TOTAL  NUMBER  OF  NODES  ON WELL  SCREENISI 

C NOSC  IS  TO  BE  C'ltiATER  THAN  OR EQUAL  TO  2 

C  NSCREN  «  NUMBER  OF  SCREFNED  INTERVALS 

C  XSCRd)  Z-COORDINATE  OF  BASE  OF  SCREEN I  ABOVE  DATUM 

C  HSCft(I)  «  LENGTH  OF  WELL  SCREEN  NUMBER I  c 
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C 
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L I S T OF 

C 

c NNOOE 

c X 

c M 

c TLESS 

c HLESS 

c QSUM 

c NELEM 

c HOD 

c VEL 

c VCOMPl 

c VC0MP2 

c IDARCY 

c 
c 
c 
c 
c 
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TOTAL NUMBER OF N3DE;S lU THE FINITC ELEMENT NETWORK 

RADIAL AfJU VERTICAL NOOAL COORDINATES 

NODAL HEAD OR DRAWOOVi'M VALUES 

NOOAL VALUES OF UIMENSiONLESS R A D I U S , 1 / U 

NODAL VALUES OF WELL FUNCTION FOR STEADY FLOW,W(U ) 

CALCULATED DISCHA^^Gc FROM AQUIFER INTO WELL 

TOTAL NUMBER OF ELEMENTS IN THE NETWORK 

NODE CONNECTIONS OF ELEMENTS IN THE F INITE ELEMENT NETWORK 

ABSOLUTE ELEMENT VELOCITIES 

RADIAL COMPONENT 3F ELEMENT VELOCITY 

VERTICAL COMPONENT OF ELEMENT VELOCITY 

INDEX TO INDICATE IF A PARTICULAR ELEMENT BELONGS TO DARCY 

OR NON-DARCY ZÔ J E, IDA^ CY=0 FOR ELEMENTS IN THE DARCY ZONE, 

IDARCY=1 FOR ELEMENTS IN THE NON-DARCY ZONE 

COMMON / W S C R E N / X S C R ( 5 ) , H S C R ( 5 ) 

COMMON / A 0 I S C / X { 3 0 0 , 2 ) , N 0 D ( 5 0 0 , 3 ) , N R E P { 5 0 0 ) 

COMMON /BDI SC/ RVEC ( 50 > , N'D VEC( 50 ) , J BD ( 50 ) , DISP (50 } 

COMMON /A S O L V / I S T A R T ( 3 0 0 ) , N 3 A N D I 3 0 0 ) , ID ( 300 ) 
COMMON / B S 0 L V / C K ( 3 0 0 , U , V K { 2 0 0 0 ) 

COMMON / C S O L V / V 0 ( 2 0 c 0 ) , H I N T { 3 0 0 , 1 ) , I P R 0 P ( 5 0 0 ) , D ( 3 , 3 ) 

COMMON / A D P A R A / T L E S S ( 3 0 0 ) , H L E S S { 3 0 0 ) , G K { 3 0 0 , 1 ) , V D T 3 P { 2 0 0 I 

COMMON / A E L E K / E L K ( 3 , 3 , I 5 0 ) , E K ( 3 , 3 ) 

COMMON /BELEM/B{ 1 5 0 , 3 ) , C { 1 5 0 , 3 ) , A R E A ( 1 5 0 ) 

COMMON / V C O M / O R X ( 5 0 0 ) , V F L ( 5 0 0 ) , H ( 5 0 0 ) , I O A R C Y 1 5 0 0 J 

COMMON / B G C A L / V K Q ( 6 0 0 ) ,QWB{40 ) 

DATA N R E A D » N P R I N T / 1 , 3 / 

C 

C 

C • » 

C • BLOCK 1 • 

C • • 

C 

C PRINT I N I T I A L HEADINGS 

C 

H R I T E ( N P R I N T , 9 9 3 ) 

W R I T E { N P R I N T , 1 0 1 3 ) 

W R I T E ( N P R I N T , 1 0 2 3 ) 

W R I T E ( N P R I N T , 1013J 

W R I T E ( N P R I N T , I 0 3 3 ) 

W R I T E ( N P R I N T , I 0 1 3 ) 

W R I T E ( N P R I N T , 1 0 0 3 ) . 

9 9 3 FORMAT ( 1H1,'•^X, 5LH 

1003 FORMAT ( 5 X , 5 1 H 

1013 F O R M A T ( 5 X , 5 1 H * 

1023 F 0 R M A T ( 5 X , 5 1 H • FIMITE ELEMENT SOLUTION OF • ) 

1033 F O R M A T ( 5 X , 5 1 H • STEADY STATE,TWO-DIMENSlONAL CONFINED FLOW • ) 

C 

C READ AND PRINT GENERAL DATA 

C 
READINREAD, l O l D N P R O B . I VEL , ID ISCR ,ORELAX 

1011 F0RMAT(3I 10, F 1 0 . 2 ) 

0 0 4 8 0 0 J P R 0 = 1 , N P R 0 B 

WRITE I N P R I N T , 9 0 0 3 ) J PRO 

9 0 0 3 F O R M A T ( / / / , 2 0 X , 5 0 C » ' ) , / , 2 0 X , " ^ ' , 1 3 X , ' P R O B L E M NUMBER 

I I 6 , 1 2 X , ' * ' , / , 2 0 X , 5 0 C < " ) ) 

R E A 0 1 N R E A D , 2 0 0 3 ) R W , R 0 , H 0 , T H , H T 0 L 

2003 F O R M A T ( 5 F 1 0 . 2 ) 

W R I T E { N P R I N T , 2 1 9 3 ) O R E L AX 

a 9 3 F 0 R M A T ( / / , 2 0 X , 'GENERAL INPUT D A T A ' , / / , 

I lOX , 'OVER-RELAXATION FACTOR « ' » F l O . Z l 

READ(NREA0 ,1 i n i G P , lAQTA * * 

111 FORMAT(2110 ) 

W R I T E ( N P R I N T , 1 9 3 ) I G P , I ACTA 

193 F O R M A T i / , I C X , ' G R A V E L PACK INDEX « M 5 , / / , 

I l O X , ' A Q U I T A R D INDEX » S 1 5 ) 

R E A 0 ( N R E A D , 2 0 L 3 ) AK ,BK ,VCR 

2013 F 0 R M A T ( 3 F 1 0 . 3 ) 

P M K = 1 . / A K 

1 F( VCR. G T . 0 . 0 0 0 0 1 ) PMK« 1. / (AK + BK» VCR) 

RGP=RH W R I T E { N P R I N T , 2 3 ) A K , B K , R W , R O , H O , T H , H T O L , , , 

2 3 FORMAT ( 2 ( / ) , inx , 32H AQUIFER AND Ŝ ÊLL CHARACTER 1ST ICS , / / / t 

l l O X , 19HPERM. CONSTANT A = , F I 0 , 3 , / / , 

2 1 0 X , 1 9 H P F R M . CONSTANT 3 , F 1 0 . 3 , / / , 

3 1 0 X , 19HRA0IUS OF WELL = , F 1 0 . 3 , / / , 

^ 1 0 X , 2 2 H R A D I U S OF INFLUtNCE =» , F 1 0 . 3 , / / , 

5 l O X , ? 4 H H F i G H T OF WATER TABLE « , F 1 0 . 3 , / / t 

6 l O X , 2 4 H T H I C K N r S S UF AQUIFER = , F 1 0 . 3 , / / , 

7 10X , 39HT0LERANCE FOR SUCCESSIVE HEAD VALUES , F 1 0 . 3 i 

IF ( I G P . E Q . O ) GO TO 29 ^ 

REAn(NRi :AD,331 )AGP, 3CP , VGP, THGP ,B TGP 

331 r-ORMAT ( ' i F l O , 3 ) 

CRGP'^AGPOVGP+OGP^VGP^^a 

PMGP'=l . /AGP 

I F i ORGP .N F . 0 I PMGP-VGP/GRGP 

H R I T E ( N P R I N T , 1 5 3 ) A G P , B G P , V G P , PMGP 
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RGP"= RW + THGP 
153 FORMAT (///,?. OX, «GR A Vfl. PACK PROPERTIES«/// 

1 10X,*C0CrFICIENT A =',F10.4// 
2 lOX, •COGFf-IC lENT B « •,F10.4// 
3 lOX,'CRITICAL VGLOCITY  ̂«.Fio.W/ 
 ̂ 10X,'C0FrFICir:NT K « •,F10.4//» 
WRITE(NPRINT,163)THGP»RCP 

163 FORMAT(lOX,*THICKNESS OF PACK = «.FlO.a// 
1 lOX.'RAOiUS OF PACK « SHIO.Z//) 

29 CONTINUE 
C 
C  READ AQUITARO DATA. 
C 

IFdAQTA.EQ.OJ GO TO 39 
REA0(NREADt71iPA,THA $l,SK 

71 FORMAT(FI0.4,F10.2) 
BFAC=PA/THA 
WRiTEiNPRINT,273)PA,THA 

273 FORHATi///,20X,«AQUITARO PR3PERTIES»,///, 
1 iOX,'HYDRAULIC CONDUCTIVITY  =»,F10.5// 
2 lOX,'THICKNESS  =',F10.2//) 

39 CONTINUE 
ReAD{NREAD,2023)HW $1 

2023 FORMATiF10,2) 
C 

C  * * 
C  *  BLOCK 2  * 
C  * * 
C  jsĉjic*««*«« 

c 
C  READ AND PRINT DISCRETIZATI3N PARAMETERS. 
C 

REAOiNREAD,901)FRLEN, SCFAC.XLHAX, IREGtNMIN " $l 
901 FORMAT{3F10.2,2110) 

READ(NREAO,SOl)IPENTRtNDSCtMSCREN $l 
801 FORMAT(3110) 

C 
C  READ WELL SCREEN DATA. 
C 

SCLEN=0. 
WRITE(NPRINT,553) 

553 FORMATi/, lOX,'SCREEN NO.«,lOX,'8ASE HEIGHT«,14X,•LENGTH«,//I 
DO 702 I-1,NSCREN i-NSCREN* 
READ(NRrAD,60lJXSCR{I) tHSCRd ) $1 

601 FORMAT(2F10.2) 

WR1TE(NPR1NT,563)1,XSCR(I),HSCR{I} " 
563 FORHATdOX, I6,1̂ X̂,F U.2,10X»F10.2) 
702 SCLEN=SCLEN<-HSCR{ i ) 

WRITEiNPRlNT, 139)1PENTR,NDSC /• 
NOSC-» NDSC- NSC REM  1 

139 FORMATi/,lOX,'PENETRATION IMDEX  =«,I5,//, 
I lOX,«TOTAL NUMBER OF NODES ON WELL SCREENiSI  ,15) 

C 
C  GENERATE AND PRINT DISCRETIZATION DATA. 
C 

CALL GXNOD(IPENTR,NDSC, SCLÊI,FRLEN,SCFAC, 
IXLMAX,IREG,NMIN,RW,Ra,TH,NNDD£,NELEM,LVEC,IDISCRJ 

C 
C  GENERATE IPROP. 
C 

CALL AQPROP(NELEM,RGP,BTGPfTHtlGPI 
C 
C  It:*«*« lit« 

c  • • 
C  *  BLOCK 3  • 
C  • « 
C 
C 
C  PRESCRIBE HEAD VALUES AT BDU>iDARIES AND FIND BANDWIDTHS. 

C 
HWORAW=HW-HO 
HODRAW=0.0 
NDW=NDVFC{1) 
NDRO=NOVECfLVEC)-NDVEC(LVEC-l) 
CALL BMDFIX(HW,HO,NNOOE,NDD,NDW,NDRO,NBW,RW,NSCREN} 
WRITE(NPRINT,203) 

203 FORMAT I////, IGX,'PRFSCRISED NODES AND VALUES*•//, 
I lOX,'NODES',6X,'PRESCRIBeD VALUES*,//) 
DO 200 1=1,NBD 
WRITE (NPR 1NT,213}JBD(H .DISPCI) 

213 FORMAT {8X,I5,8X,F10.3) 
200 CONTINUE 

IFi lAQTA.EQ.O) GO TO 166 
CALL VDPB(LVEC) 
DO 176 I=l,rJNODE 
HINT(I, 1)=0.0 

176 CONTINUE 
166 CONTINUE 

C 
C  FIND BANDWIDTHS ETC. 
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C 
CALL EBFIN3(LPN,NELEM,3,NN0DEI 
Wf<ITe{NPRINT,2-il)L£:N 

233 FORMAT(//////,10X,25HLENGTH OF GROSS VECTOR » ,18.//) 
DO 130 1=1,LEN 
VD{n = 0.0 

130 CONTINUE 
NT'=0 
NN=«3 

00 135 IE=l,NELEM 
CALL ELGND3(NT,SC,I 61 
CALL MERBD{NN,IE) 

135 CONTINUE 
c 
C SET IDARCY 
C 

DO 99 1=1jNELEM 
l0ARCYin=0 

99 CONTINUE 
NBSTOR=NBW 
IFi XSCRiU.GT.O. } NBW=0 
NBP=NBW+l 
IF(NBP.EQ«li GO TO 94 
DO 117 1=1,NBW 
CK(Itn=HW-HO 

117 CONTINUE 
94 CONTINUE 

C 
c 
C SET UP LOOP FOR ITERATION ON H 
C 

HRITE(NPRINT, 1583)HVi 
1503 FORMAT! • I ' ,///,10X, • + , /, 

1 lOX, •« WATER LEVEL IN THE V.'ELL =», F7. 2 ,3 X, • »• , /, 
2 IQX, • ) 

VC0UNT=0 
NCOUNT=NNODE 
IF(BK.LT.0.000001} NC0UNT=0 
DO ^99 111=1,10 

C C J}:* 
C • * 
C * BLOCK 4 * 
C • » 

C 
C ZERO GROSS STIFFNESS MATRIX AND LOAD MATRIX 
C 

DO 300 1=1,LEN 
YK(n=0.0 

300 CONTINUE 
DO 305 I=NBP,NNOO£ 
CK{I,1)=0.0 

305 CONTINUE 
COMPUTE STIFFNESS MATRIX FDR EACH ELEMENT AND MERGE 
FOR 111=1 ONLY PERFORM SOLUTION FOR DARCY CASE 

DO 350 I=1,NELEH 
IF(IPROPil).EQ.O) GO TO 755 
AKK=AK 
BKK=BK 
PKK̂ PMK 
GO TO 365 

755 CONTINUE 
AKK=AGP 
BKKxBGP 
PKK=PMGP 

365 CONTINUE 
NT = NREPin 
CALL ELGNCT( I,III,AKK,BKK,NT,VC0UNT,PKK) 
CALL MERB3(NN,I) 

350 CONTINUE 
C 
C ADD LEAKAGE TERM CONTRIBUTED BY AQUITARD. 
C 

IF(lAQTA.EQ.Ol GO TO 86 
BFL«BFAC 
CALL GVMOD(LVEC,8FL,01 

B6 CONTINUE 
1 =NOVEC(l)«-l 
LNN«ID(I)-l 
DO 122 I=1,LNN 
VKQ{I)=VKin 

122 CONTINUE 
c 
c • » 
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C DLOC K 5 •  
C •  •  '  
c 
c 
C SOLV E EQUATIONS BY EMPLOYING CANOED ELIMINATION SCHEME. 
C 

NLl«l 
CALL QFLUX{NBW,NNOOE) 
CALL SYMSOL(NNODE,NLL,NPW) 

C 
C PRIN T OUT SOLUTION FOR FUNCTION 
C ONL Y THE OARCY AND FINAL SOLUTIONS 
C 

IF(III.EQ.l) GO TO 900 
NC0UNT=0 
EMAX=0.0 
00 450 I=1,NN0DE 
EPSI=CK(I,1)-H(I) 
IF(ABS(EPSn .GT.F.MAX) EMAX=AB S( EPS I) 
IF(ABSCEPSI) .LE.HTOL) GO TO 460 
NCOUNT-NCOUNT+l .  , 
H(I1=H(I)+ORELAX*EPSI 
GO TO 450 

460 CONTINUE 
H(I î ĈKil ,1) 

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

900 CONTINUE 
DO 950 I=I,NNODE 
H(I )=CK(I ,U 
RH0=0.5*X(I, n/TH 
TZI=X( I,2)/TH 
SDLESS={HO-H(I1)/(HO-HW) 

950 CONTINUE 
IF(NCOUNT.EQ.O) GO TO 1000 

1999 CONTINUE 
C 
C REGENERAT E IOARCY 
C "  " "  

DO 199 I'̂ l.NELEM CAL L HVPROP ( AK, HK, PMK̂ VCR̂, AOP, 8GP̂ PMGP̂VGP̂ 
Jl = N00lI,n ~  A L PML , VCL) .  . 

J2=N00(I,2l ̂  
J3=N00{I,3} 
NT»NREPiI) 
CALL VCHeC3(I,AL,BL,J1,J2,J3,NT.PML,VCLrHRRX.HRRYJ 

199 CONTINUE :  
999 CONTINUE 
1000 CONTINUE 

IF(NCOUNT.NE.O) GO TO 5000 
KRITEiNPRINT,413)III,EMAX 

413 FORMAT {//, lOX, 'NO. OF ITERATIONS REQUIRED =«,I5,//, 
1 lOX,»MAXIMU M ERROR IN HEAD =«,F10.3) 
HRITE(NPRINT,433) 

433 FORMATCO« f20X, «FINAL S OLUT I ON* t///, 
1 5X , •fiOOE* , 10X,«R-C00R0« , lOX,« Z-COORD* ,10X,«HEAD* , 
2 10X,«RHO-COORD',10X,'TZI-COORD«,10X,«DRAWDOW N RATIO',/J 
DO 470 I=1,NN0DE 
RH0=0.5«X(I , I)/TH 
TZI'X{I,2)/TH 
SDLESS=(H0-H(I))/{H0-HW) 
WRITElNPRINT,953)It X(I, 1),X(I,2),H(I 1,RHO,TZI,SOLESS 

953 FORMAT(5X,13,2(6X,F 10.2 ) i8X,F10.4}) 
470 CONTINUE 

C 
c 
c *  •  
C *  BLOCK 6 •  
C »  *  

c 
C EVALUAT E VELOCITY AND GPADIEST USING FINAL HEADS 
C 
799 CONTINUE 

VCOUNT»! 
C 
C COMPUT E AND PRINT ELEMENT VELOCITIES 
C IF(IVEL.EQ.OJ GO TO 7000 

WRlTEiNPRINT,1203) 
1203 FORMAT (•!• ,///,20X, /  

I ZOX,» » ELEMEN T VELOCITIES «=' /  

310X,TLEM N3.',10X!*RA0IAL VE L', lOX,' VE RT I C VEL S 13 X, • I OARC Y • ,///1 
DO 3000 I»ltNELEM 
Jl«NOO(I,n 
J2»NOD(I,2) 
J3=N0D( 1, 3) 
NT = NREP(I ) 

CALL HYPR0P(I,AK; BK̂PMK.̂VCR,AGP̂8£iP̂PMGP̂ VCP, 
AL, 0L, PML̂VCL) 

CALL VCHt-C3(l,AL,BL,Jl.J2,J3,Nr,PML,VCL,HRn«.Hf{RYI 
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VC0MP1«-VEL(I)*HRRX 
VC0MP2=~VHl.( 1)'MiRRY 
WRITF(NPRINT ,1!03)I , VCOMP I, VC0HP2 , IDARCYi I J 

1103 FORMAT (lOXtI5,2( l0X,Fl0-3i,10X, 15) 
300 0 CONTINUE 
7000  CONTINUE 
C 

NBH«NBSTOR 
CALL  QCALC(N8W,QSUM1 
BLEAK=RO 
IF(lAQTA.EQ.Ol  GO TO 4505 
BLEAK=PMK*TH*THA/PA 
BLE-AK = SQRT(8LEAK) 

4505 CONTINUE 
J = 1 
CALL  TCURV3{H0,BLEAK,NN0DE,QSUM,AK,BK,PMK,TH,J1 

5000 CONTINUE 

 ̂ _ „ C 

C I F  SO REQUIRED, USER HAY CALL HIS PLOTTING SUBROUTINES C  
C c  
C AT THIS LOCATION, C 

C ̂  c  

c ̂  ̂  

C  THE FOLLOWING PLOTS  MAY BE OBTAINEO:-
C (I )  DISCRETISATIO.Vi  P ÂT TE RN, 0 BTA I NE D BY USING VARIABLES  NOD,X, 
C NELEM,NNODE 
C C2 )  CONTOURS OF HYDRAULIC HEADS,OBTAINED BY USING  VARIABLES 
C H,X,NNODE,NnO.NELEM 
C (3)  DIMENSIQNL ESS TYPE CURVES .OBTAINED  BY USING VARIABLES  HLESS, 
C TLESS.NNQDE 
C (4)  VELOCITY FIELD,OBTAINED  BY USING VARIABLES  VEL,X,NOD,VCOMP1, 
C VC0MP2 
C <5 1 LOCATION OF NON-DAICY FLOW ZONE ,OBTAI NED BY USING VARIABLES 
C IDARCY,NELEM 
C 

4800 CONTINUE 
STOP 
END 
SUBROUTINE  GXNOD{IPENTR,NDSC,SCLEN,FRLEN, 
ISCFAC , XLMAX, IREG,NMIN,RV̂,RO,TH,NNOOE,NELEM,LVEC,IDISCR) 

C 
C  GENERATES  AND PRINTS ALL DISCRETIZATION  DATA. 
C 

COMMON /ADISC/X(300, 2),NOD( 500,3) ,NREP{ 500) 
COMMON /BDISC/RVECl 50),NDVEC( 50), XLENdOO) 

COMMON /AcLEM/NTRAN (3,90) ,NHl 13,90),NH2Î3,90) ,NDBl(3,90), , 
1NDB2(3,90),NDWB{9) 
DATA  NREAD,NPRINT/I,3/ 
NESC=NDSC 
IF(IPENTR.NE.O)  NESC=NDSC-l 
XEL=SCLEN/(NESC-I) 
ÏHCSNG=TH-SCLEN+.Ol 
NCSNG«THCSNG/XEL 
XREM=THCSN6-XEL<̂ NCSNG 
IFIXREH.GE.XEL)  NCSNG=NCSNG+1 ,  ' 
NDWB( l)=NCSNG<-NDSC 
TH»=SCLEN<-XEL*NCSNG 
CALL  DCRGN3{R0,RW,SCFAC,FRLEN,NRR,XLMAXl 
IFnPENTR.NE.O)  GO TO 50 
NRST'l 
NFR=NOWB(I) 
NSTFR=1 
GO TO  55 

50 CONTINUE 
XEL=2.0*SCLFN/{NESC-1) 
THCSNG=TH-SCLEN4-,01 
NCSN&=THCSNG/XEL 
XREM=THCSNG-XFL*NCSNG 
XeL»0.5+XEL 
IFIXREM.GE.XEL)  NCSNG»NCSNG«-1 
NDWBl I)=NCSNG*NOSC 
NRST=4 
NHALF=N0SC/2 
NFR-NDWB{I)-NHALF 
NSTFR=NDWB( 1) •NFR+NHALF+2 

^̂ CALL̂ NCLFN(NFR, IREG,NRR,KMIN,NSTFR,NRST,IPENTR) 
IF(IDISCR.EQ.O)  GO TO 94 
KRITEINPRINT, 33)  NDW0(1),NP.R 

33 FORMAT (• 1 •,20X,'DI SCRETIZATI3N DATAS///t .  ... 
• lOxl'NUMBfR  Cf îOOES AT WELL BOUNDARY  «SllO,///. 

2 lOX,'TOTAL  NUMBÊl OF REGIONS  =«,I10) 
94 CONTINUE 

C  DISCRETIZE ENTIRE REGION INTO FINITE  ELEMENTS. 

C 

KCPEP«I 
NTSCL«l 
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IFiNRST.EQ.l) GO TO 655 
CALL OCKFSK IPCNTR, ND5C »KCREP ,NTSEL) 

655 CONTINUE 
DO 65 I=NRST,NRR 
Nl-NHUl, I) 
NrNDl«MUtiU I, n 
NFN02=NDB2(I,I) 
NPAT-NTRAN(I,I) -

C 
C PRINT OUT ELEMENT DATA 
C 

NELEMxNTSEL-l 
IF(lOISCR.EQ.O) GO TO 104 
WRITE(NPRINT,83) 

83 F0R«AT{///,10X,46H IDENTIFICATION OF ELEMENTS - NODE CONNECTIONS,/ 
f^^'10X,5HNOOEl,10X,5HNODE2,10X,5HNOO£3,lOX,l7HR£P£TI 

ZTIUN NUHBERt//) 
00 80 I«l,NELEH 
KRITE(NPRINT,93) I, ( NOD( I, K), K«l,3 > ,NREP{ I » 

93 format (I0X,I5,3(10X,I5) ,12X,I5> 
80 CONTINUE 

104 CONTINUE 
^ C 
C GENERATE NODAL COORDINATES. 
C 

NS«l 
RI = RW 
IF(NRST.EQ.l) GO TO 755 
CALL CORFSTtIPENTR,NDSC,SCFAC,RI,TH,SCLEN,RW,NS) 

755 CONTINUE 
ZI=0.0 
HM=I 
DO 75 I=NRST,NRR 
NN>:NHI(1,I) 
DXG=XLEN(I) 
CALL COORDC(NS»MM,NN,DXG,TH,RI,ZI) 

75 CONTINUE 
CALL COOROC(NS,MM,NN,DXG,TH,RI,ZI) 

c 
C 

NNOiE = NS-1 
IFdUISCR.EQ.O) GO TO 114 
WRITE(NPRINT,103) 

103 FORMAT(IH1,10X,10H NODE DATA,y/,10X,27H NODE R-COORD Z-COORD 
It//) - . • 

C 
DO 85 I=1,NN00E ' 
WRITE(NPRINT,113)I, (X(I,K),K»I,2) 

113 F0RMAT(10X,I4,2F11..2) 
85 CONTINUE 

114 CONTINUE 
C 
C GENERATE TOP BOUNDARY COORDINATE VECTOR. 
C 

NDT0=NS-1 
CALL TOPVECiTH,LVEC,NDTO) 

C 

C PRINT OUT BOUNDARY COORDINATE VECTORS. 

KRITE{NPRINT,223) 
223 FORMAT(///,20X,•TOP BOUNDARY NODES AND RADIAL COORDINATES.*,///, 

1 lOX.'NODE NUMBER'j,20X, »R-COORDINATE* ,//) 
DO 335 I»1,LVEC -
WRITE(NPRINT,333)NDVECiI),RVECiI) 

335 CONTINUE 
333 FORMAT(10X,I7,25X,F10.21 

RETURN 
END 
SUBROUTINE 0CRGN3(RO,RW,SCFACiFRLEN,NRR,XLMAX) 

C 
C GENERATES DISCRETIZATION PARAMETERS:- NRR,XLEN 
C 

COMMON /BDISC/RVECi50),NOVEC(50),XLEN{l001 
HAXNR«=89 
XLEN(I)«FRLEN 
RLEN«RO-RW 
SUM=«XLEN( n 
DO 10 I»2tHAXNR 
XLENd )=.XLFN(I-1J»SCFAC 
IFlXLENd ),GT.XLHAX) XLENd)» XLMAX 
SUM*XLENl I)+-SUM 
IF(SUM.GT.RLEN) GO TO 20 

• 10 CONTINUE 
20 CONTINUE 

XREM=RLEN«-XLEN{n-SUH 
NRR-I 
DEN0M»l.i-SCFAC+SCFAC**2 
XLENt I-2)«CXREM+XLEN( I-ll+XLEN{ 1-2) )/DENOM 
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XLEN(I-l)«XLEN(I-2»«SCFAC 
XLENt I )--'XLEN{I-ll»SCFAC 
RETURN 
END 
SUBROUTINE NCRG12N(NFR, I RKG, NRR, NHI N, NSTFR, NRST, I PENTRi 

C 
r ^M^'^'^ilP DISCRETIZATION PARAMETERS:- NTRAN ,NHl ,NH2 ,NDB1, N0B2 
C ONLY FOR REGIONS 2 TO NRR,REGION 1 IS SPECIALLY TREATED, 

COMMON /A£LEM/NTRAN(3,901,NHI{3,90),NH2{3,90J,NDBU 3,90), 
INDB213,90),NDWB(9) 
NC=NFR 
NC0UNT»0 
DO 10 I=NRST,NRR 
IRGG=IREG 
IF((I.EQ.NRST) .AND.(IPENTR.VE.O)) 1RGG=0 
IF(I.EQ,l) IRGG=2 
NCOUNT=NCOUNT+l 
IFtNCOUNT .LT.IRGGJ GO TO 20 
NCOUNT=0 
NHALF = NC/2 
NREM=NC-2*NHALF 
IF(NREM-GT.O) GO TO 15 
NC1=NC-1 
IFINCI.LT.NMIN) GO TO 20 
NTRANil,IJ=2 
NC=NC1 
NH2(1,II=NC 
NHK 1, I ) = NC<-1 
GO TO 10 

15 CONTINUE 
NCl=NHALF+l 
IF(NCl.LT.NMIN) GO TO 20 
NTRAN( 1,1 ) = 1 
NC=NC1 
NH2(1,I)=NC 
NHU1,I) = 2*NH2(1,I)-1 
GO TO 10 • 

?.0 CONTINUE 
NH2(1,I)=NC 
NTRAN(1,I)=0 
NHl(l,I)=NH2(1,I) 

10 CONTINUE 
C 
C GENERATE NDB1,N0B2 
c 

J=NRST 
NDBK 1, J)=NSTFR 
NDB2(1,J)=NSTFR+NHl(l,J) 
J=J + l 
DO 50 I=J,NRR 
NDBKl, I)=NDB1{1,I-1)+NH1I1,I-11 

50 CONTINUE 
NR1=NRR-1 
DO 60 I = J,NR1 
NDB2(1,I)=N0B1(1,I+1) 

60 CONTINUE 
NDB2{ l,NRR) = NOBl(l,NRR)*NHltl ,NRR) 
RETURN 
END 
SUBROUTINE DCRFST (I PENT R, NDSC , KCRE P, NTSEL ) 

C 
C GENERATES DISCRETIZATION DATA FOR COMPOSITE REGIONS. 
C 

COMMON /ADISC/X(300,2)tN0D(500,3),NREP{500) 
COMMON /AELEM/NTRAN(3,90),NHI(3,90),NH2(3,90),NDB1( 3,90), 
INDB213,90),NDW3(9) 
KCREP'l 
NSEL'L 
IF(IPENTR.EQ.O) GO TO 60 
NUPEN=NDWB(1)-NDSC +1 
N1«»NUPEN 
N2=2 
N3«N1 
NFNDl=l 
NFND2=Nl+l 
NFND3 = NDWBU)+2 
NTSEL=1 
CALL^CBLOCKiKCREP,N1,N2,N3,NFN01,NFND2,NFND3, NTSEL, NCPAT) 
Nl*NDWB(l )-NUPEN 
NPAT=l 
NFNDI = NFN02<-1 
NFND2=NFNDUNDHn{ n-l 
CALL BBL0CK(KCREP,N1,NFN01,NFND2,NPAT,NTSEL) 
NCPAT=3 
N2=Nl/2«^l 
Nl«NDWB(l)-N2 
N3«N1 
NFNDl^NDWBil)+2 . 
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NFN02=NFN01fNl 
Nr-ND3=NFNn2 + N2 
CALL CDL0CK(KCREP,Nl,N2,N3,NFNDl,NFND2,NFN03,NTSeL,NCPAT) 
GO i n AOO 

60 CONTINUC-
NTSEL=l 
NUPEN=NOSC 
NCPAT=-3 
Nl^NDWBil) 
N2=NUPEN/2«-l 
N3=Nl-N2+l 
IF(N2.EQ.NUPEN) N3=Nl 
HFNDl=l 
NFN02=NFND1+N1 
NFND3=NFN02+N2 
CALL CBL0CK(KCREP,Nl,N2,N3,»4FNDI,NFND2,NFND3,NTSEL,NCPAT) 

400 CONTINUE 
RETURN 
END 
SUBROUTINE CORFST(IPENTR.NOSC,SCFAC,RI , TH,SCLEN,RW, NS) 

c 
C GENERATES NODAL COORDINATES FOR FIRST COMPOSITE REGION. 
C 

COMMON /ADISC/X1300,2>,NOD(500,3) ,NREP{500) 
COMMON /BDISC/RVEC{50),NDVEC{ 50 ) ,XLEN(100) 
COMMON /AELEM/NTRANi3,90> ,NHU 3 ,90 ) , NH2 ( 3 , 90) , N D B I i 3 , 9 0 ) , 

1NDB2(3»90),NDW3(9) 
NS = I 
I F { I PFNTR .EQ .O ) GO TO 60 
PENLEN=SCLEN 
XLl=RW 
XL2=XLEN{1) 
NUPEN = NOWB( 1 )-NDSC4-1 
Nl=NUPEN 
N2=2 
N3»NI 
TH1=TH-PENLEN 
T H 2 = T H l / ( N l - l ) 
R I=0 .0 
NPAT=3 
CALL COOROl (NS ,N I ,N2 ,N3 ,XL l , XL2 iTH l , TH2 ,R I ,NPAT l 
RI = RH . . • 
NS=NS-l . 
MM=l - • 
NN=NDSC-l 
DXG^XLENd) 
2 I " X ( N S , 2 ) 
TH1*=PENLEN 
CALL C00R0C(NS,HM,NN,DXG,TH1,RI ,ZIJ 

C 
XLl=XLEN(2) 
XL2 = XLEN{3) 
Nl=NDHB(I)-NDSC/2 
N2=NDSC/2 
N3=Nl 
THl=TH 
TH2=PENLEN 
CALL C 0 0 R D l { N S , N I , N 2 , N 3 , X L I , X L 2 , T H I , T H 2 , R I , N P A T i 
GO TO AOO 

. 60 CONTINUE 
NPAT=-3 
RI=RH 
THI^TH 
TH2=SCLEN 
Nl=NDW6ill 
N2=N0SC/2+l 
N3=NI~N2«-l 
X L l = X L E N i 1 ) / ( I . + S C F A C ) 
XL2=SCFAC«XLI 
CALL C 0 0 R D l ( N S , N I , N 2 , N 3 , X L l , X L 2 , T H I , T H 2 , R I , N P A T ) 

400 CONTINUE 
RETURN 
END 
SUBROUTINE UBLOCKiNFNDI.NFN02,NFND3,NPAT,NTSEL,KCREP) 

C 
C GENERATES ELEMENT CONNECTIVITIES IN GRADED UNIT BLOCK. 
C 

COMMON /ADISC/X(300 ,2 ) fNOD(500 ,3 ) ,NREP( 500) 
K=0 
I F iNPAT ,NE .3» K» l 
IC0UNT=0 
NST=NTSEL 
NLST«NST+2 
DO 10 J1«NST,NLST 
NREP( J D ' K C R E P 
KCREP^KCREPi^l 
IC0UNT=IC0UNT<1 
I F ( IC()UNT.eQ.2) GO TO 20 
i r { I C 0 U N T . E G . 3 ) GO TO 30 
N0D(JL ,U-NFND1 
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NOD(Jl,2)^NFND2 
N0D(J1,3) =NFNDI<-1 
GO TO 10 

20 CONTINUE 
HOD{J 1, 1) =NFN0l4-K 
NO0(Jlr2)=NFN02 
N00(J1,3)=NFND3^K 
GO TO 10 

30 CONTINUE 
NOD(Jl,1)=NFND2 
N0D(JI,2}=NFND3 
NOOiJl ,3) =NFND3i-l 

10 CONTINUE 
NTSEL=»^NLST + 1 
RETURN 
END 
SUBROUTINE BBLOCKt KCREP ,N1, NFNDI, NFND2,NPAT,NTSEL) 

c 
C GENERATES ELEMENT CONNECTIVITIES IN BASIC BLOCKS. 

DIMENSION N0(3,3) 
COMMON /ADISC/X(300,2),N0D(500,3>,NREPi5001 
ND{1,1)=NFND1 
ND(1,2)=NFND2 
ND( lt3)=NFNDl-H 
ND(2, l) = ND( 1, 3) 
ND(2,2)=N0(l,2) 
NDI2,3) = N0{ l , 2 K l 
IFiNPAT.EQ.l) GO TD 200 
IF(NPAT.EQ,0) GO TO 265 
NTEMP=Nl.-2 
DO 90 JJ=1,2 
NST=NTSEL 
NLST=NST+NTEMP 
DO 40 J1 = KST,NLST 
NREPiJl)=KCREP 
K C R E P = K C R E P H 
DO 50 K= I, 3 
NOD( J1,K) =ND( JJ,K)4-i Jl-NST) 

50 CONTINUE 
40 CONTINUE 

NTEMP=NTEMP-l 
NTSEL=NLST+1 

90 CONTINUE 
GO TO 4 00 

200 CONTINUE 
N0i3,l)=N0(2tl) 
ND{3,2i=ND(2,2)+l 
N0(3,3) = N0(3, IX^I 
NTEMP={N1-1)/2-1 
Ll'Z 
L2«l 
DO 250 JJ = 1,3 
L3=2 
IF(JJ.EQ.2) L3=l 
NST=NTSEL 
NLST=NST+NTEMP 
DO 260 Jl=NST,NLST 
NREPiJ1)=KCREP 
DO 270 K=l,3 
IF(K.CQ.l) LL=L1 
IFiK.EQ.2) LL=L2 
IF(K.EQ.3) LL=L3 
NODC J1,K) =ND{ JJ, K) + i J l - N S T H U L 

270 CONTINUE 
260 CONTINUE 

KCREP = KCREP<-I 
NTSEL=NLST4-1 

250 CONTINUE 
GO TO 400 

265 CONTINUE 
NTEMP=Nl-2 
DO 190 JJ = 1,2 
NST=NTScL 
NLST^NSTi^NTEMP 
DO 140 Jl=NST,NLST 
NREPIJlJ=KCREP 
DO 150 K=l,3 
NOD{Jl,K)=ND(JJ»K)*(Jl-NSTI 

150 CONTINUE 
140 CONTINUE 

KCREP=KCREPfI 
NTSEL = NLST4-1 

190 CONTINUE 
400 CONTINUE 

RETURN 

SUBROUTING CBL0CK(KCREP,NltN2,N3,NFNDl,NFN02,NFND3, NTSEL, NCPATJ 

C GENERATES ELEMENT COf^NECTIVIT IES IN COMPOSITE BLOCKS, 
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 ̂ COMMON /ADISC/X(300»2].NOD(500.3),NREP(500I 

C  BLOCKl :- CONNECTS VERTICAL LINE I TO LINE 2. 

NDF=Nl-N3 
NPAT=0 
IFCNDF.NE.O) NPAT=I 
NF2=NFND2 
1F(NPAT.F;Q.I) GO TO 20 
NFl=:NFNDH-iNl-N2) 
IF(NCPAT.NE.3) NFl=NFNDl 
NN2=N2 
NN1=N2 
GO TO 30 

20 CONTINUE 

NFInNFNDI •{Nl-2«N2+-l) 
IF(NCPAT.NE.3) NFI=NFN01 
NN2=N2 
NN1=2*N2-I 

30 CONTINUE 
CALL BBL0CK{KCREP,NNl,NFl,NF2,NPATtNTSEL) 

C  BLOCK 2  CONNECTS VERTICAL LINE 2 TO LINE 3. 
c 

NSI=NFl 
NS2=«NF2 
NPAT̂:© 
NNl=NN2 
NF1=NF2 
NF2=NFND3+N3-N2 
IF(NCPAT.NE.3) NF2=NFN03 
CALL BBL0CK(KCREP,NN1,NF1,NF2,NPAT,NTSEL) 

V» 
C  BLOCK 3  UNIT BLOCK. 
C 

IF(NCPAT.NE.3J GO TO 60 
NF1«NSI-I 
NF3=NF2-1 
NF2=NS2 
GO TO 70 

60 CONTINUE 
NFl=NFN0lfNl-l-(N3-N2) 
NF2=NFND2+N2-1 
NF3=NFND3<-N2-l 
NSI»NF1 

70 CONTINUE 
CALL UDL0CK(NFliNF2tNF3,NCPAT,NTSEL,KCREP) 

C 
C  BLOCK 4  CONNECT LINE I TO LINE 3. 
C 

NFl=NFNOl 
NF2=NFND3 
IF(NCPAT.NF.3) NF1=NS1+1 
IF(NCPAT.NE.3I NF2»NF3+l 
NN1=N3-N2 
IF(NNl.EQ.I) GO TO 85 
NPAT=0 
CALL BBL0CKiKCREP,NNl,NFl,NF2fNPAT,NTSEL) 

85 CONTINUE 
RETURN 
END 
SUBROUTINE COOROCCNS, MM ,NN, DXG, TH, RI , ZD 

C 
C  GENERATES NODAL COORDINATES. 
C 

COMMON /ADISC/X(300,2),N0D(500,3J ,NREP(500» 
COMMON /ASCLV/XX{5,90},XY(5t90) 
DY=TH/(NN-1) 
DO 20 L=»ItNN 

20 XXi l,L)=RI 
DO 50 K=I,MM 

50 XY(K,1)=ZI 
DO 60 J=2,NN 
JMl«J-l 
DO 70 K=«I,MM 
Xy(K, J»=XY(K, JMl)4-0Y 

70 CONTINUE 
60 CONTINUE 
DO 80 J--«1,MM 
DO 90 K=l,NN 
L«NN«(J-l)+K+NS-l 
X(Li I) = XX(J,KI 
X(L»2)=XY(J,K} 

90 CONTINUE 
80 CONTINUE 
NFN-NS*iMM*NNi-l 
NS-NFN+1 
RI«X<NtN, U<-DXG 
RETURN 
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END 
SUBROUTINE COOROUNS, Nl ,N2, N3 , XLl, XL2, THI,TH2 , RI ,NP AT) 

c 
C GNERATffS NODAL COORDINATES FOR COMPOSITE BLOCK. 
c 

COHKON /ADISC/X(300,2),N00{500,3)tNREP(500i 
JJ«0 
KM» I 
IF(NPAT.NE.3) GO TO 20 
NN=N1 
DXG=XLl 
21«0. 
TH«THl 
CALL COORDCi NS,MH,NN,DXG,TH,RI,zn 

15 CONTINUE 
ZI-TH1-TH2 
NN=N2 
TH='TH2 
DXG=XL2 
CALL C00R0C(NS,MM,NN,DXG,TH,RI,2I) 
GO TO 25 

20 CONTINUE 
NN=NI-N34-N2 
DXG=0. 
ZI=0« 
TH=TH2 
CALL C00RDC(NS,HH,NN,DXG,TH,RI,ZI) 
ZI»TH+(THI-TH2)/(N3-N2J • 
NN'̂ NL-NN 
DXG=XL1 
TH=THI-ZI 
CALL COORDC(NS,MH,NN,DXG»TH,RI,Zn 
DXG=XL2 
TH=TH2 
NN=N2 
ZI=0.0 
CALL COORDC( K'S,.MH,NN,DXG,TH,RI ,ZI ) 

25 CONTINUE 
RETURN 
END 
SUBROUTINE TOPVEC(TK,LVEC,NDTO) 

C 
C COMPUTES RADIAL COORDINATES FOR NODES ON TOP BOUNDARY. 
C 

COMMON /A0ISC/X{300, 2},NOO(500,3),NREPC 500) 
COMMON /B0ISC/RVEC{50),NDVE:( 50J,XLEN(100) 
J=0 
DO 10 I=I,NDT0 
ZDIF=ABS(TH-X( 1,2) ) 
IF(ZDIF,GT.0.001) GO TO 10 
J=»J<-1 
NDVEC{J):--I 
RVEC(JI=X(I, 1) 

10 CONTINUE 
LVEC=J 
RETURN 
END 
SUBROUTINE BMDFIX(HW,HO,NNODE,NBD,NDH,NDRO,NBH,RW,NSCREN) 

C 
C LOCATES NODES WHERE HEAD VALUES ARE PRESCRIBED. 
C 

COMMON /A0ISC/X(300,2),NQn(500,3J,NREPt500) 
COMMON /BDI SC/RVEC( SO.NDVLCt 50), JBD ( 50) , DI SP{50) 
COMMON /WSCREN/XSCR(5),HSCR(5J 
K=0 
NFND«l 
DO 30 I«1,NSCREN 
XST̂ XSCRi n - o . o i 
XEND=XST + HSCR(I ) <-0.02 
DO 0̂ J=1,NN0DE 
L=NFND+J-l 
IF(L.EQ.l) GO TO 222 
IF(X(L,1).GT.RW) GO TO 30 

222 CONTINUE 
IF((X(L,2).LT.XST).OR.(X(L,2).GT.XEND)) GO TO 70 

22 K=K<-1 
JBO{K)«L 
DISPiK)=HW 
GO TO '.O 

70 IFiXlL,2).GT.XENDi GO TO 30 
40 CONTINUE 

NFNO=L+I 
30 CONTINUE 

J=K 
NBW'̂ J 
NST'NNODE-NDRO+l 
00 25 I='NST,NNOOE 
JBDIJ)"I 
DISfMJ)»HO 
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25 CONTINUE 
N80«J 
RETURN 
END 
SUBROUTINE CONSTT ( M, AK, BK, ACONST, J I, J2, J3, NT Ì 

C • 
C  COMPUTES NOM-LINEAR COEFFICIENT FOR TRIANGULAR ELEMENTS. 
0 

COMMON /BELEM/Bi150,3>,C(I50,3),AREA(150) 
COMMON /VCOM/ORXl500),VEL(500),H{500),IDARCYt500l 
HX=BiNT,l )*H{JI)+3{NT,2)«H( J,?J+B(NT, 3)*H( J3) 
HY=C(NT,l)=!=Hi JI)+C{NT,2 )*H( J2)<-C(NT,3)'i'H(J3) 
HS= ABS( SQRT(IHX*'!=2+HY*'t2) ) 
TEMPIO.5*AK<-SQRT (0. 25*AK**2i-BK«HS ) 
VEL(M)=HS/TEMP 
ACONST=AREA(NT)*ORX(M)/TEMP 

500 CONTINUE 
RETURN 
END 

SUBROUTINE ELGENCiH , III,AK,BK,NT, VCOUNT,PHKi 
c 
C  GENERATES ELEMENT MATRIX,EK,FOR TRIANGULAR ELEMENTS. 
C 

COMMON /AEL6M/£LK(3,3,150),EK(3,3l 
COMMON /ADISC/X(300,2),N0D{500T3),NREPi500) 
COMMON /BELEM/B(150t3),C{150,3),̂REA{150) 
COMMON /VCOM/ORX(500),VEL{5 00),H(500 J, I DARCYi 500) 
J1=N00(M,1) 
J2=N0D{M,2) 
J3=N0D(M,3) 
IF(III.NE.1)  GO TO 10 
0RX(M) = (X(J1,1)<̂X(J2, l)+X(J3, l))/3. 

10 CONTINUE 
IF(NREPIM).EQ.NTI  GO TO 50 
NT=NREP(M) 
IF(III.NE.l)  GO TO 50 
XJ=X( J2, I )-X( Jl, I) 
XM=X(J3,1)-X(J1,1) 
• YJ=XiJ2.2)-X(J1,2) 
YM=X( J3, 2)-X{Jl, 2) 
AREA(NT) = 0.5')'(XJ«YM-XM«:YJ| 
AFUN=2.«AREAiNT) 
BiNT,l)=(YJ-YM)/AFUN 
BiNT,2)= ÌYM)/AFUN -
B(NT,3)=  i-YJ)/AFUN 
C(NTt n = ( XM-XJl/AFUN . . 
C{NT,2>=  {-XM)/AFUN 
C(NT,3)=  (XJ)/AFUN 
DO 100 1*1,3 
DO 100 J=l,3 
IF(J-n 105,110,110 

110 ELKd, J,NT) = B{NT,I)*B(NT,J)îC(NT,I)«C(NT,Jl 
GO TO 100 

105 ELKiI,J,NTJ=ELK(J,I,NT) 
100 CONTINUE 
50 CONTINUE 
IF(IDARCYIM).EQ.O) GO TO 70 
IF( III.EQ.l)  GO TO 70 

500 CONTINUE 
CALL CONSTTiM,AK,BK,ACONST,J1,J2,J3|NTJ 
GO TO 80 • 

70 CONTINUE 
PX=PMK 
ACONST = PX*ORX(M)*AREA{NT) 

80 CONTINUE 
c 
C CALCULATE STIFFNESS MATRIX 
C  NORMAL STIFFNESS MATRIX MODIFIED BY THE FACTOR  OACONSTO 
c 

DO 200 1=1,3 
DO 200 J«I,3 
EKiI,J)=ACONST*ELK(I,J,NTJ 

200 CONTINUE 
RETURN 
END 
SUBROUTINE AQPROP(NELEM,RGP,BTGP, TH, IGP» 

C 
C  GENERATES ELEMENT PROPERTIES INDEX,I PROP. 

COMMON /AOISC/X{ 300,2 ),NOD(500,3),NREP( 500) 
COMMON /CSOLV/VD(2000),HINT(300,1),IPR0P(500»,0(3,31 

DO 10 I=l,NELEM 
Jl=NOO(I,l) 
J2«N00(I,2) 
J3=NOD(I,3) 
ORX«(X( Jl ,l)+X(J2, 1)«̂X< J3, n ) /3. 
ORY«(X(Jl ,2)«̂X(J2,2}»X( JJ,2)) /3. 
IPR0P(I)=1 
IFCIGP.tQ.OJ GO TO 10 « 
IFnORX.LT.RGP).AîD,(ORY.GT.BTGP)) IPROPdJ-O 
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c 

10 CONTINUE 
RETURN 
END 
SUBROUTINE ELGND3(NT,SC,M) 

C GENERATES ELEMENT MATRIX,0,FOR TRIANGULAR ELEMENTS. C 
COMMON /ADISC/X(300,2},NÜD(500,31 rNREP(500) 
COMMON /CSÜLV/VÜ(20C0),HINTI300,1),IPROPÍ500)»0(3,3) 
COMMON /AELEM/ELK(3,3,150),FK(3,3) 
COMMON /BELEM/B( 150,3»,CI150,3).AREAÍ150) 
COMMON /VCOM/ORX(500),VEL(500 I,H(500 J, I DARCYt 500) 
Jl=NOD{Mt1) 
J2=N0D(M,2) 
J3»N0D(M,3) 
0RXÍM):=(X(Jl,l)+X(J2, U+X(J3, l>)/3. 
IF(NREP{H).EQ.NT1 GO TO 50 
NT'=NREP(K) 
XJ=X(J2, l )-X(J l ,U 
XH=X(J3,1)-X(Jl,l) 
YJ=X(J2,2)-X(J1,2} 
YM=X( J3,2)-X{Jl,2) 
AREA(NT)=0.5*tXJ*YM-XM*YJ) 
AFUN=2.«AREA{NT) 
B(NT,l)=iYJ-YM)/AFUN 
B(NT,2)= ÍYM)/AFUN 
B(NT,3)= (-YJ)/AFUN 
C(NT,I)=iXH-XJ)/AFUN 
C(NT,2)= i-XM]/AFUN 
CtNTtSl̂ « (XJJ/AFUN 
DO 100 1=1,3 
DO 100 J= 1, 3 
IF ( J - I ) 105,110,110 

110 ELKd , J,NTJ=B(NT,I}»BÍNT, J)4-C{NT, n<^C{NT,J) 
GO TO 100 

105 eLK(I,J,NT)=ELK{J,I,NT) 
100 CONTINUE 

C 
C FORM ELEMENT MATRIX:- 0 
C 

D( If 1)=0. 5*DRX{M)*AREA(NT)*SC/3. 
D(2,2)=D(1,1) 
D(3,3)=0(l,l) 
D<1,2) = D( 1, 11=̂ 0.5 > 
D(2,1)=D(1,2) 
DCl,3) = 0C 1,2) 
D(3f1)=0(1,3) 
D{2,3)=D( 1,2) 
D{3,2) = D( 2,3) 

50 CONTINUE 
RETURN 
END 
SUBROUTINE ELGNCT(M,111,AK,BK,NT,VCOUNT,PMK) 

C 
C GENERATES ELEMENT MATRIX,EK,FOR TRIANGULAR ELEMENTS. 
C 

COMMON /ADISC/X(300,2),N0DÍ500,3) tNREP( 500) 
COMMON /AELEM/ELK(3,3,150),EK(3,3) 
COMMON /BELEM/B(150,3),Cl150, 3),AREA(150) 
COMMON /VCOM/ORX(5OO),VELl50O),HÍ5OO),IOARCYl5OO) 
IF{IDARCY(M).EQ.O) GO TO 70 
IFCIIl.EQ.l) GO TO 70 

500 CONTINUE 
Jl=NOD{M,l) 
J2=N0DIM,2) 
J3=NOO(M,3) 
CALL CONSTT( M, AK, BK,ACDNST, J1, J2, J3,NT) 
60 TO 80 

70 CONTINUE 
PX̂ PMK 
ACONST»PX«ORX(M)«AREA(NT) 

80 CONTINUE 
C 
C CALCULATE STIFFNESS MATRIX 
C NORMAL STIFFNESS MATRIX MODIFIED BY THE FACTOR OACONSTO 
C 

DO 200 1-1,3 
DO 200 J«1,3 
EK(I,J)»ACONST»EL<(I,J,NT) 

200 CONTINUE 
RETURN 
END 
SUBROUTINE MERB3(N, M) 

C 
C MERGES ELEMENT MATRIX EK INTO GROSS VECTOR VK. 
C 

COMMON /AOISC/X(300,2),Nnn(500,3),NREP(500) 
COMMON /AEL[M/ELK(3,3, 150),RK{3,3) 
COMMON /ASOLV/ISTART(300),NBANf)(300),ID(300) 
COMMON /ÜS0LV/CKÍ30ÜT1),VK(2Ü00) 



166. 
DO 10 1=1,N 
IK»NOD(M, I ) 
I F ( I K . L Q . O ) 
DO 20 J=»l,N 
JK»NOD(K, J) 
I F i I K o G T . J K ) 

GO TO 10 

GO TO 20 
IP0S»=I0(I K)<-JK-IK 
VK( IPnS)=VK( IPOSX-EK i l , J) 

20 CONTINUE 
10 CONTINUE 

RETURN 
END 
SUBROUTINE MERBD(N,MJ 

MERGES ELEMENT MATRIX 0 INT3 GROSS VECTOR VD. 

COKKOM / A D I S C / X ( 3 0 0 , 2 ) , N G 0 ( 5 0 0 , 3 ) , N R E P i 5 0 0 ) 
COMMON / A E L E M / E L K ( 3 , 3 , 1 5 0 ) , E K ( 3 , 3 ) 
COMMON /ASOLV/ISTART(300) ,N3AND(300J ,10 (300 } 
COMMON / C S O L V / V D { 2 0 0 0 J , H I N T ( 3 0 0 , 1 ) , I P R 0 P { 5 0 0 ) , 0 ( 3 , 3 ) 
00 10 1=1,N 
IK=NOD(H,1) 
I F ( I K . E Q . O ) GO TO 10 
00 20 J=1,N 
JK=NOD(M,J) 
IF ( I K . G T . JK) GO TO 20 
IPOS=IO( lK» i - JK- IK 
VD( IPOS) = VD(IPOS) + D ( I , J ) 

20 CONTINUE 
10 CONTINUE 

RETURN 
END 
SUBROUTINE QMUL(NBW,QSUM) 

COMPUTES NODAL FLUXES AT HELL BOUNDARY. 

COMMON /BQCAL/VKQI600J,CWB(',0) 
COMMON /ASOLV/ ISTARTf300) ,NBAND(300J,10(300) 
COMMON /BDISC/RVEC(50).NDVECi 50 ) , JBD(50 ) , 01 SP(50) 
COMMON /VCOM/ORX(500) ,VEL(500) ,H(500) , IDARCYi500) 
DATA NREA0,NPRINT/1,3/ 
DO 10 L=»1,NBH 
I = J B D ( L ) 
IS = 1 0 ( 1 ) 
IL = ID{ U + N B A N D ( I ) - l 
QWBiL)=0 .0 
DO 20 J = IS , IL 
K = 1 + J - I S 
QHB(LJ=QWB(L)+VKQ{J)*H(K) 

20 CONTINUE 
I F ( I . E O . l ) GO TO 15 
1 1 = 1 - 1 
1ST» I S T A R T ( I ) 
DO 30 J= I S T , I I 
K « I I - J + 1 
I P « I D ( J ) + K 
QWB{L)=QWB(L)+VKQ(IP)*H(J) 

30 CONTINUE 
. 15 CONTINUE 

QSUM=QSUM*QWB(L) 
QWTEMP=-2.*3.1416*QV45(L) 
WRITE(NPRINT,4403)1,QHTEMP 

4403 FORMAT( / , lOX ,15 ,15X ,F12 .4 ) 
ID CONTINUE 

RETURN 
END 

SUBROUTINE QCALC (NBW, QSUM I 

: COMPUTES TOTAL DISCHARGE INTO THE WELL.. 
COMMON /AS0LV/ ISTART{300) ,NDAN0{300) , IDC 3001 
COMMON /BDISC/RVEC(50),NDVEC(50), JBD(50) ,01SP(50) 
COMMON /VCOM/ORX (500) ,VEL(500 ) ,H {500) , IDARCY(500) 
COMMON /BQCAL/VKQ(6C0),QWB(40) 
DATA NRFAC,NPRINT/1,3/ 

4103 F0RMATUHU/ / t20X,29HN0DAL FLUXES AT WELL BOUNDARY,// / , 
1 10X,4HNODE, 16X, 14HDISCHARGE FLUX, / ) 

QSUM»0.0 
CALL OMUL(NBW,QSUM) 
QSUM=ABS( 2 . * 3 . 1416»QSUM J 
WRITE (NPf<INT,4203)QSUM 

4203 F O R M A T i / / / / , lOX, 'TOTAL DISCHARGE INTO THE WELL " • , F 1 0 . 4 1 
RETURN 
END 
SUBROUTINE EBF IN3{L EN, NM, NN,LL) 

SUBROUTINE TO OEN.R.TE THE 

ORIGINAL MATRIX, LEN IS THE LENGTH 
MATRIX. NBANO CHNTAINS THE 
TERM ON THE DIAGONALS OF THE 
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C THE VECTOR 
C 

DIMENSION LV(3) 
COMMON /A50L V/ISTART(300) ,NRAND{300),ID(3001 
COMMON /AOISC/X(300,2),NOD(500,3),Nf<EPi500) 
00 20 1 = 1,LI. 
NBANDil)»! 
ISTART(n = I 

20 CONTINUE 
C 
C SCAN THROUGH THE LOCATION VECTOR FOR EACH MEMBER TO FIND 
C THE POSITION OF THE TERM FURTHEREST FROM THE DIAGONAL IN EACH ROW 

NF2 = 3 
DO 25 l»l,NM 
DO 30 J=1,NF2 
LV{J)=NODiI,Ji 

30 CONTINUE 
DO 45 J>=l,NF2 
IF(LV(Jl.EQ.OlGO TO 45 
DO 40 K=1,NF2 
IFiLViJ).GT.LVIKJ) GO TO 40 
NW=LV{K)-LV(J)+l 
NR=LV{J) 
IF(NW.GT.NBANOiNR)) NBAN01MR)=NW 

40 CONTINUE 
45 CONTINUE 

C SEARCH FOR THE FURTHEREST OFF-LEFT TERM 
C 

DO 55 J=l,NF2 , 
IF(LV(J}.EQ.O) GO TO 55 
DO 65 K=I,NF2 
IF(LV{ J).LT.LV(Kn GO TO 65 
NH=LV{K) 
NR=LV(J) 
IF(NW.LT.ISTARTINR)) I START(NR)=NW 

65 CONTINUE 
55 CONTINUE 
25 CONTINUE 

C 
C SET-UP ID VECTOR AND COMPUTE LENGTH OF STIFFNESS VECTOR 
C ALSO CHECK THAT N8AND DOES NOT DECREASE BY MORE THAN I AT A TIME 
C 

LEN*NBANO(l) 
DO 50 I»2,LL 
IF(NBAND( n-NBANDl I-l).LT.O) NBANDi I )=NBANDi I-l J-l 
LEN = LEN<-NBAND(n 

50 CONTINUE 
ID(l)=l 
00 60 I>=2,LL 

60 ID( 1)« I0( I-I)+NBAN0(I-1) 
RETURN 
END 
SUBROUTINE QFLUXCNBM,NNOOE» 

C 
C MODIFIES MATRIX CK BY ADDING THE FLUX TERMS FOR NODES ON WELL BOUNDARY, 
C 

COMMON /AS0LV/1START(300)»NBAMDi300J,ID(300) 
COMMON /BSOLV/CK(300,1),VK(2000) 
DATA NREA0,HPRINT/1,3/ 
IF(NBM.r:Q.O) GO TO 20 
NBP=NBM<-1 
DO 10 I=NBP,NNODE 
IST=ISTART(I) 
IF(1ST.GT.NBM) GO TO 10 
I1»I-1 
DO 30 J«IST,NBM 
K=Il-J+l 
IP«IDCJ)+K 
CK(I,l)=CK(I,l)-VK(IP)*CK(J,l) 

30 CONTINUE 
10 CONTINUE 
20 CONTINUE 

RETURN 
END -
SUBROUTINE SYMSOL( LL,NLLtNBM) 

C 
C AN IN CORE BAND SOLVER. 
C USE IN CONJUNCTION WITH TOPOLOGICAL SUBROUTINE FOR LARGE BANDWIDTH. 
C DIMENSION VTEKP190) , 

COMMON /B0ISC/RVEC(50),H0VECi 50), JBD(50)tDISP {50) 
COMMON /A50LV/ISTART(300),N(300),IDUM(300) 
COMMON /8S0LV/C( 300,1),V( 2000) 
DOUBLE PRECISIO^I TEMP 
J00UN=N3M+1 
NBP-JBOUN 
ID»1 
IF(NBM.CQ.O) GO TO 150 
DO 100 I»1,NBM 
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10«IDfN(I) 
100 CONTINUE 
150 CONTINUE 

DO 10 1=NBP,LL 
TC-MP=\/(IO) 

n-i 
I01 = IDi-l 
IFl KEQ.JBOt JBOUN) I GO TO 16 

c 
C  NORMALISE ROW I 
c 

KK*0 
V(ID)=1.0 
IF( 101.GT.NEB) GO TO 29 
00 20 Ĵ I01,NEB 
KK = KKi-l 
VTEHP(KK)=V(J) 

20 ViJ)=V(J)/TEMP 
29 CONTINUE 

DO 25 L=1,NLL 
C(I ,L)=C{ I,L)/TEMP 

25 CONTINUE 
GO TO 

16 CONTINUE 
IF( IDl.GT.NEB) GO TO 39 
KK=0 
DO 120 J=IDl,NEB 
KK=KK+l 
VTEMP(KK»=V(J) 

120 V(JJ=0.0 
39 CONTINUE 
DO 125 L=ltNLL 

125 C(I,L)=DISP(JBOUN) 
JBOUN= JB0UN<-1 

C 
C  ELIMINATION 
C 
46 CONTINUE 

IDJ*ID 
IFdDl.GT.NEB).  GO TO 35 
KK«0 
DO 30 J=IDI,NEB 
JI=J-ID1+I 
IDJ=I0J4̂ N(jn 
KK=KK + 1 
IF( VTEMP(KKJ I 50,30,50 

50 CONTINUE 
IFiJBOUN.EQ.l) GO TO 240 
JBH1=JB0UN-1 
1F( I.EQ.JBD( JBMDl GO TO 140 

240 IDP=J 
DO 40 K«=IOP,NEB 
KJ=IDJ«̂K-J 

40 V(KJ)=V(KJ}-V(K)*VTEMP{KKi 
140 CONTINUE 

NJ=I+J-ID 
DO 32 L=1,NLL 
C(NJ,L»=C(NJ,L}-CII,L)*VTEMP(KKI 

, 32 CONTINUE 
30 CONTINUE 
35 CONTINUE 

ID=ID+N(n 
10 CONTINUE 

C 
C  BACK SUBSTITUTION 
C 

ID=ID-1 
LLMI«LL-1 
LL1=LL-NBP 
DO 70 IB'liLLl 
I»LLMl-IB+l 
ID=ID-N(Ii 
IS = H-1 
IN=I+N(I)-1 
DO 80 J=IS,IN 
NJ=IO+J-I 
DO 75 L = 1,NLL 
C(I,L )=C( I,L)-C(J,L)»V(NJI 

75 CONTINUE 
80 CONTINUE 
70 CONTINUE 

RETURN 
END 
SUBROUTINE VCHEC3(M,AK, BK,JI,J2,J 3,NT,PKK,VCR,GRRX, GRRY) 

C 
C  COMPUTES ELEMENT VELOCITIES AND CHECK IF A PARTICULAR ELEMENT BELONGS TO 

C  DARCY OR NON-OARCY FLOW ZONE, 

C 
COMMON /BELGM/B(150,3),C(150,31,AREA(150) 
COMMON /VC0M/0RX{500),VCL(500 J,H( 500),IDARCV( 500) 
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HX»=B(NT,H*H{J1U3{NT,2)*H(J2)^D(NT,3)>^H(J3) 
HY=C(NT,l)«H(Jl)+C(NT,2)*H(J2)+CiNT,3).^HU3) 
US« AQS( SQRTiHX<'»2+HY««2) ) 
GRRX=HX/HS 
GP.RY^HY/HS 
IFiIDARCY(H).EQ.O) GO TO 20 
TEMP==0.5*AK + SQRT(0. 25'i=AKn= + 2fBK'fHSJ 
VEL(M)=HS/T5MP 
IFIABSfVELiMJ).LE.VCR) IDARCY(K)=0 
GO TO 30 

20 CONTINUE 
VEL(MJ=PHK*HS 
IF(ABS{ VEL(M n.GT.VCR) IOARCY{M) = l 

30 CONTINUE 
RETURN 
END 
SUBROUTINE VDFB(LVEC) 

C 
C GENERATES VECTOR VOTOP. 
C 

DIMENSION 0(2,2) 
COMMON /ADISC/X(300,2),N'aD(500,3) ,NREP(500) 
COMMON /BDISC/RVfcC(50),NDVEC{ 50),J BO(50),01 SP ( 50) 
COMMON /ASOLV/ISTART( 3 00) ,NBANO( 300), ID (300) 
COMMON /ADPARA/TLESS(300),HLESSi300),GK(300,ll,VDT0P{200» 
NELTOP=LVEC-l 
NN=2 
ID{1)=1 
00 10 I=2,LVEC 

10 ID(I)=ID(I-l)+2 
LENT=2*L\/EC-1 
DO 108 1 = 1,LENT 
VDTOP(I)=0.0 

108 CONTINUE 
DO 208 IE=1,NELT0P 
IN=NDVEC(IE) 
IP^NDVECiIE+1) , 
RAV£«0.5«iX{ IPiD + XUN,!)) 
RDIF=X(IP,1)-X( IN, 1) 
D{1,1)-RAVE*RDIF/3.0 
Di2,2>=D(1,1) 
D(1,2)=D(1,1)*0.5 • 

. D{2,1)=^D( 1,2) 
DO 308 1 = 1,2 
IK«=IE + ( I-l) 
DO 408 J=l,2 
JK=IEf(J-l) 
IFilK-GT.JKI GO TO 408 
IPOS=ID(IK)+JK-IK 
VOTOPi IPOS)=VDTOPnPOS)<^D(I,J) 

408 CONTINUE 
300 CONTINUE 
208 CONTINUE 

RETURN 
END 
SUBROUTINE GVMOD(LACT,SY,IGK) 

C 
C MODIFIES VECTORS GK AND VK T3 TAKE ACCOUNT OF LEAKAGE FLUX ACROSS TOP 
C BOUNDARY. c 

COMMON /BDI5C/RVEC(50),MDVEC(50),JBD(50),DISP(50) 
COMMON /ASGLV/ISTART(300),NBAN0(300),IDi300) 
COMMON /BSOLV/CK{300,ll,VK(2000) 
COMMON /CSOL V/VDi2000) , HI NT( 300,1) , I PROPi 500) ,0(3,3) 
COMMON /ADPARA/TLESS(300),HLESSi300),GK(300,1),VDTOP(200) 
DATA NREAD,NPRINT/1,3/ 
DO 1078 L=l,LACT 
IPl=(L-l)*2*I 
IP2 = IPH-l 
IPM=IP1-1 
VF1=VDT0P(IP1}*SY 
VF2=0.0 
VFM=0.0 
IF(L.GT.l) VFM=VDT0P(IPM)«SY 
IF(L.LT.LACT) VF2=VDT0P (I P2)» SY 
I-NOVCC(L) 
Jl«I 
J2=J1 
JM«J1 
IF(L.LT.LACT) J2=ND VEC ( ) 
IF(L.GT,1) JM=nOVEC (L-I ) 
SUM«VF1*HINTI Jl, IJ + VF2*HINT(.I2, I)+VFM<'HINTC JM, 11 
IF(IGK.GT-O) GK( Jl, U = GKi Jl, n+SUM 
IS«=10( I ) 
VKdS )=VK{IS)+VF1 
IL«IS+NBANDlI)-l 
VK(IL)=VK(IL)*^VF2 

1078 CONTINUE 
RETURN 
END 
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SUBROUTINE TCURV3ÌHO.B.NNODE,QFIX,AK,8K,PMK,TH, J) 
w 
C COMPUTES TYPE CURVE FOR STEADY STATE FLOW, 
C 

COMMON /ADISC/X{300,2),NOO(500,3),NREP(500) 
COMMON /VCOM/GRX i 500),VEL C 500),H(500),IDARCYi 500» 
TWPI«44«/7. 
tmis«pmk*th 
PARAM»BK*QFlX*TMIS/(TH»»2»8»TWPn 
DEN0M«QFIX/(TWPI*TMISJ 
HRITE(3,3)PARAM 

3 FORMATI///,10X,50C**M,/,10X,«*«,13X,»STEADY STATE TYPE CURVE«, 
12X,/,10X,50{«««),///,15X,« NON-LINEAR FACTOR »•,Fi2.4) 

IFfJ.EQ.2) GO TO 5 
WRITEC3,23J 
GO TO 15 

5 CONTINUE 
WRITE(3,33I 

15 CONTINUE 
23 FORMAT!//,lOX,«NODE NUMBER«,I5X,'R-C00RDINATE«,10X,»FUNCTION WCUl• 

I ,10X,»ARGUMENT U',//) 
33 FORMAT!//,10X, »NODE NUMBER»,I5X,»Z-COORDINATE«,10X,«FUNCTION WCUl« 

1 ,lOX,»ARGUMENT U»,//J 
00 10 I=1,NN0DE 
SDRAW=HO-H(I) 
SLESS«SDRAW/DENOM 
RLESS=XiI,l|/B 
WRITE(3,13)I,XiI,J),SLESS,RLESS 

10 CONTINUE 
13 FORMAT!IOX,I5,20X,F10.2,2C10X,E12.4)) 

RETURN 
END 
SUBROUTINE EBOUND(NELEM,AK,BK,PMK,HW,HO,QSUM,THI 

C 
C COMPUTES UPPER BOUND OF TOTAL DISSIPATION ENERGY. 
C 

COMMON /VCOM/ORX(500),VEL{500),H(500),lOARCYC500) 
COMMON /BELEM/B(150,3),C(150,3),AREA1150) 
COMMON /ADISC/X(300,2),NOD(5QO,3),NREPi5GOI 
C0NST=PMK=i=TH*{H0-HW)**2 
ENERGY=0.0 
DO 10 I=l,NELEM 
NT=NREP{n 
VSQ=VELin*»2 
IFCIDARCYID-EQ.O) GO TO 15 
VCU=VSQ»VEL( I) 

\ TERM=0.5*AK»VSQ<-2.*BK*VCU/3, 
' TERM=TERM«AREACNT)*ORX(I) 
GO TO 20 • 

15 CONTINUE 
TERM=0.5*VSQ/PMK 

20 CONTINUE 
ENERGY=ENERGY-»-TERM 

10 CONTINUE 
ENERGY=ENERGY/CONST 
WRITE!3,13)C0NST,ENERGY 

13 FORMAT{///,20X,»RESULT OF DISSIPATION ENERGY CALCULATION.»,//, 
1 10X,»C0NSTANT FACTOR =»,E12.4,3X,»FT.**4/MIN,»,//, 
2 10X,»DIMENSIGNLESS DISSIPATION ENERGY =»,E12.4) 
RETURN 
END 
^BfrWitiE-HyPROP{I,AK,6K,PMK,VCR^A3P,BGP,PMGP,VGP,AL,BL,PML,VCL) -

C IDENTIFIES HYDRAULICS PROPERTIES OF EACH ELEMENT. 
C 

COM M OM ~/CS OL V/ VD ( 2 0 C C ), HI NT < , t ) t I PROP (5 03 ) , 0 ( 3, 3 ) 
IF(IPROP(I).eQ.O) GO TO 10 
AL=AK 
BL = BK -
-PML= PMK 
VCL=VCR 
GO TO 20 

10 CONITINUE 
AL=AGP -
BL=BGP 
PML=PMGP 
VCL= VGP 

-20-€0'^TINUE 
RETURN 
END 
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4.4 LISTING OF TRC0N3 
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INTEGRATED WELL-AQUIFER SOLUTION SYSTEM. 

DCVFLOPEO BY P.S. HUYAKORN. 

TRC0N3,PROGRAM FOR SOLVING TRANSIENT,TWO-DIMENS I ONAL, DARCY OR THO-REGIME 

FLOW USING TRIANGULAR ELEMENTS. 

VERSION DATED 0CT08ER,1973. 

FOR FURTHER INFORMATION,CONTACT 

P.S. HUYAKORN OR C.R. DUDGEON 

WATER RESEARCH LABORATORY 

KING ST., MANLY VALE 

SYDNEY,N.S.W. 2093,AUSTRALlA. 

LIST OF INPUT VARIABLES 

•ALL READ STATEMENTS ARE LOCATED IN THE MAIN 

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

PROBLEM VARIABLES 

NPROB 
IVEL 

IDISCR « 

ORELAX » 

RW 
RO 
HO 
HTOL 

NLAYR 
QFIX 
RCSNG 
QRTOL 

IGP 

I BOUND » 

IWBC 

IKMAX 
IHAT 

T H L ( I ) 
AKL ( I ) 

B K L d ) 

VCRL( I ) 

S S L d I 
AGP 
BGP 
VGP 
THGP 
BTGP 
SY 

DINDEX 

NUMBER OF PROBLEMS TO BE SOLVED 
VELOCITY PRINT-OUT INDEX 
FEED IN IVEL=0 IF VELOCITY PRINT-OUT IS NOT REQUIRED OTHERWISE 
FEED IM IVEL=1 
DISCRETISATION DATA PRINT-OUT INDEX 
FEED IN IDISCR=0 IF DISCRETISATION PRINT-OUT IS NOT REQUIRED 
OTHERWISE FEfD IDISCR=1 
OVER-RELAXATION FACTOR FOR NON-LINEAR HEAD ITERATION 
SUGGESTED VALUE LIES BETWEEN 1.50 TO 1.85 
RADIUS OF WELL SCREEN 
EXTERNAL RADIUS OR RADIUS OF INFLUENCE 
INITIAL HEIGHT OR DRAWDOWN OF WATER TABLE 
HEAD TOLERANCE FDR NON-LINEAR ITERATION ON HEAD VALUES 
SUGGESTED VALUE IS 0.10 OR A FEW PERCENT OF HO-HW 
NUMBER OF LAYERS OF WATER BEARING FORMATIONS 
PRESCRIBED WELL DISCHARGE 
RADIUS OF WELL CASING 
RATIO OF DISCHARGE TOLERANCE TO PRESCRIBED WELL DISCHARGE 
SUGGESTED VALUE IS O.Ol OR 0.02 
GRAVEL PACK INDEX,IGP=1 FOR GRAVEL PACKED WELL, 
IGP=0 FOR NON-GRAVEL PACKED WELL 
EXTERNAL BOUNDARY INDEX 
IB0UND=0 FOR BARRIER BOUNDARY OTHERWISE IBOUND =1 
WELL BOUNDARY CONDITION INDEX 
IWBC=0 IF EFFECT OF WELL STORAGE IS TO BE NEGLECTED OTHERWISE 
IWBC=1 
LAYER OF MAXIMUM PERMEABILITY OR MINIMUM VALUE OF AKL(11 
INDEX USED TO INDICATE WHETHER THE TOP LAYER IS CONFINED OR 
UNCONFINED 
THICKNESS OF LAYER NUMBER I 
FORCHHEIMER LINEAR HYDRAULIC COEFFICIENT OF AQUIFER OR AQUITARD 
LAYER I 
FOR AQUITARD I,FEED IN AK L ( 1)= I ./PML ( I ) WHERE PML( I ) IS ITS 
HYDRAULIC CONDUCTIVITY 
FORCHHEIMER NON-LINEAR 
FOR AQUITARD I,FEED IN 
CRITICAL VELOCITY OF AQUIFER LAYER 
FOR AQUITARD I FEED IN VCRL(I)=0.0 
SPECIFIC STORAGE OF AQUIFER OR AQUITARD I 
LINEAR HYDRAULIC COEFFICIENT OF GRAVEL PACK MATERIAL 
NON-IINEAR HYDRAULIC COEFFICIENT OF GRAVEL PACK MATERIAL 
CRITICAL FLOW VELOCITY FOR GRAVEL PACK MATERIAL 
THICKNESS OF GRAVEL PACK 
HEIGHT OF THE BASE OF GRAVEL PACK 
COEFFICIENT OF SPECIFIC YIELD OF TOP LAYER WATER TABLE AQUIFER 
OR AQUITARD 
RECIPROCAL OF DELAYED YIELD INDEX FOR WATER TABLE AQUIFER OR 
AQUITARD 

COEFFICIENT 
RKL<I)=0.0 

OF AQUIFER LAYER I 

I 

OrSCRFTISATION PARAMETERS 

NTICR « TOTAL NUMBER OF TIME STEPS 
ITST « STARTING TIME STEP NUMBER 
TFACTR - VALUF OF THE FIRST TIMF STEP,EXPRESSED IN DIMENSIONLESS FORM 
TMUL » TIME MULTIPLIER,SUGGESTED VALUE VARIES FROM 1.50 TO 2.00 
DTMUL « INCREMENT OF TIME MULTIPLIER 

SUGGESTED VALUE LIES BETWEEN 0.01 TO 0.02 
FRLEN » LFNGTH OF FIRST SU6REGI0N 

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

XLMAX 

NDSC 

NSCREK 
IREGL{II= 

-1 

NKINLI N = 

NFRLII) = 

XSCRCN » 
H S C R D ) 

SCALE FACTOR TO BE USED IN COMPUTING THE LENGTHS OF REMAINING 
SUBREGIONS.SUGGESTED ^/ALUE IS SCFAC = 1.50 
MAXIMUM LENGTH OF A BLOCK,PRISCRIBED TO AVOID ILL-CONDITIONED 
ELEMENTS.MAXIMUM VALUG OF XLMAK SHOULD NOT FXCEED 25.*TH 
TOTAL SUH9ER OF NODES ON WELL SCREEN(S) 
NDSC IS TO BE GREATER THAN OR EQUAL TO 2 
NUI-IDER OF SCPEEN«-D INTERVALS 
NUMBER OF REPEATED REGULAR BLOCKS WITH THE SAME NUMBER OF NODES 
ON THE LEFT 5ND RIGHT VERTICAL LINES ACROSS LAYER I 
SUGGESTED VALUE IS IREG=2 
MINIMUM RWMBER OF NODES ALONG A VERTICAL LINE ACROSS LAYER I 
TO MINIMISE THE TOTAL NUMBER OF NODES,SJGGEST NMIN=2 
NUMBER OF NODES ON PORTION OF WELL BOUNDARY PENETRATING AQUIFER 
OR AQUITARD LAYER I 
Z-COORDINATE OF BASE OF SCREEN I ABOVE DATUM 
LENGTH OF HELL SCREEN NUMBER I 

L I S T OF OUTPUT VARIABLES 

NNODE 
NELEM 
IT 
TMM 
TM 
X 
H 
TLESS 
HLESS 
IQ 
SH 
QAQFR 
QSTRGE 
QCALL 

ORDIF 

NOD 
VEL' 
VCOMPL 
VC0MP2 
IDARCY 

TOTAL NUMBER OF MODES IN THE FINITE ELEMENT NETWORK 
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 DIMENS IONLESS TIME,I/U 
NODAL VALUES OF WELL FUCTION FOR TRANSIENT FLO^,H(U) 
DISCHARGE ITERATION NUMBER 
DRAWDOWN VALUE AT CURRENT TIME 
DISCHARGE FROM AQUIFER INTO WELL AT DRAWDOWN SW 
DISCHARGE FROM WELL STORAGE 
TOTAL CALCULATED DISCHARGE 
QCALL = DISCHARGE FROM WELL STORAGE + QAQFR 
RESIDUAL DISCHARGE 
QRDIF IS THE ABSOLUTE VALUE OF THE DIFFERENCE BETWEEN 
PRESCRIBED DISCHARGE AND CALCULATED DISCHARGE 
NODE CONNECTIONS OF ELEMENTS IN THE FINITE ELEMENT NETWORK 
ABSOLUTE ELEMENT VELOCITIES 
RADIAL COMPONENT OF ELEMENT VELOCITY 
VERTICAL COMPONENT OF ELEMENT VELOCITY 
INDEX TO INDICATE IF A PARTICULAR ELEMENT BELONGS TO DARCY 
OR NON-DARCY ZONE,IDAICY=0 FOR ELEMENTS IN THE DARCY ZONE, 
IDARCY=I FOR ELEMENTS IN THE NON-DARCY ZONE 

DIMENSION JDARCY(500) 
COMMON /WSCREN/XSCR(5I,HSCR(5J 
COMMON /ALAYR/AKL(3),BKL(3},VCRL(3},SSL{3J,THL{3),IREGL(3I, 
INMLNLI 3),NFRL(1),PML<3J 
COMMON /AELEM/ELK(3,3,L50)TEK(3,31 
COMMON /8ELEM/B(I50,3J,C(150,3},AREA{150I 
COMMON /BSOLV/CK(300,N,VK(20C0) 
COMMON /ASOLV/ISTART{30C) ,NBANDI300 J,ID(300) 
COMMON /CS0LV/V0(2000 3 ,HI NT(300,1),I PROP(500) ,D<3,3I 
COMMON /VCOM/ORX(50 OJ,VEL(500),HI 500 I,IDARCYL 5001 
COMMON /8QCAL/VS( 600) ,I3W8(40) 
COMMON /AOISC/X(300,2),NONI500,3),NREP{500) 
COMMON /BDISC/I?VEC{ 50), SDVEC ( 50I, J80{ 50 ),DISPI 501 
COMMON /ACORE/VCO^E(2000) 
COMMON /ATIMF/TIME(60I,SH(60),DSW(5),QCALC(51 
COMMON /ALEAK/OL FAK{50),HFOLD I 50),HF(50),FI NT(50,U,GPC 40J 
COMMON /A0PARA/TLESS(300),HLESS{300),GK{300,1),VDTOP(200) 
DOUBLE PRECISION OEXP.ARGU 
DATA NREA0,NPRINT/1,3/ 

« * 

• BLOCK 1 * 
• * 
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c 
C PRINT INITIAL HEADINGS 
C 

WRITE(NPRINT,1773) 
1773 FORMATCIM 

WRITE{NPRINT,I003) 
WRITEiNPRINT,1013) 
WRITFlNPRINr , 102 3) 
WRITE<NPRINT»1013) 
WRITE (NPRINT, 1033) 
WRITE(NPRIMT,1013) 
WRITEINPRINT,1003) 

993 FORMAT t • I • 51H 

1003 FORMAT ( 5X • 51H 
1013 FORMAT (5X, 51 H ») 
1023 FORMAT{5X,51H * FINITE ELEMENT ANALYSIS OF WELL PROBLEMS " ») 
1033 FORMAT (6X,'* TRANSIENT, TWO REGIME FLOW TOWARD A SINGLE WELL « M 

READ(NREAD, I01UNPR08, IVEL,10ISCR,0RELAX $l 
lOll F0RMAT(3I10,F10.2) 

DO A800 J PRO= 1,NPR0B 
WRITEtNPRIMT,9003)J PRO 

9003 FORMAT!///,20X,50('««),/,20X,««',13X,*PR0DLEH NUMBER 
I I6,12X,"^«,/,20X,50(»«')» 

C 
C READ AND PRINT GENERAL DATA. 
C 

READ{NREA0,2001)RW,R0,H0,HT0L,NLAYR Jl 
2001 FORMATi^FlO.2,110) 

READiNRFAD,201)QFIX,RCSNG,QRT0L $1 
201 F0RMAT(3F10.2) 

READ(NREA0,111)IGP, IBOUND,IHBC,IKHAX,IHAT $l 
111 F0RMAT(5I10) 

IAQTA=IWAT 
WRITEiNPRINT,23)RW,RO,HO,RCSNG 
WRITE(NPR INT,2193) Q FIX,QRTOL,OREL AX,HTOL 
WRITE(NPRINT,193)IGP,IBQUND,IWBC,IKMAX, IWAT 

23 FORMAT(///,20X, »GENERAL DATA',///, 
1 lOX,«RADIUS OF WELL =«,F10.2,//, 
2 lOX,«RADIUS OF INFLUENCE =',F10.2,//, 
3 lOX, «HEIGHT OF WATER TABLE ,F10-2,//, ' 
4 lOX,«RADIUS OF WELL CASING =» • , F 10.2,//I 

2193 FORMATilOX,«DISCHARGE INTO WELL =»,F10.2,//, 
1 lOX, «DISCHARGE TOLERANCE RATIO »«,F12.4,//, 
2 lOX,«OVER RELAXATION FACTOR »«,F12,4,//, 
3 lOX, «HEAD TOLERANCE =«,Fl2-4,//i 

193 FORMAT!lOX,«GRAVEL PACK INDEX =«,I5,//, 
1 lOX,«BOUNDARY INDEX =«,I5,//, 
2 10X,«WELL B.C. INDEX =«,I5,//, 
3 lOX,«LAYER OF MAX PERMEABILITY «:*,I5,//» 
k lOX,«WATER TABLE AQUIFER INDEX =«,151 
QRT0L=QRT0L*QFIX/2.0 
IF(IWBC.EQ.O) RCSNG=0.0 

C 
C READ MATERIAL DATA. 
C 

WRITEiNPRINT,6013) 
6013 FORMAT!///,lOX,'FORMATION PROPERTIES«,//, 

1 lOX,«LAYER NO.',5X,«THICKNESS«,5X,«C0EFF-A«, 
2 5X,«C0EF-B«,5X,«CRIT. VF.L3C ITY« , 5X, • SPECIFIC STORAGE*,//) 
DO 17 I=1,NLAYR •NLAYR«» 
READ(NREA0,3013)THL(I1,AKL(I).BKLil),VCRL(I),SSL(I} $1 

3013 F0RMAT(5E 10.2) 
GCR«=AKL( I )*VCRL( I)+BKL(n*VCRL(I}«*2 
PMLiI)=l./AKL(I) 
IFIGCR.GT.O. ) PML( I )=VCRL(I)/GCR 
WRITE(NPRINT,7013)I ,THL (I ),AKL(I),BKLII),VCRL(!),SSLC11 

7013 F0RMAT110X,I5,9X,F9.2,3(5X,E9.2),9X,E9.2) 
SSLd )=SSL{I )«1000-

17 CONTINUE ' 
RGP=RW 
IF(IGP.EQ.O) GO TO 29 READ(NREAD,3 31)AGP,BGP,VGP,THGP,BTGP »IfSK 

331 F0RMAT(5F10.3) 
RGP=THGP+RW 
GRGP=AGP*VGP+BGP*VGP»«2 
PMGP=1./AGP 
IF!GRGP.NE.0) PMGP= VGP/GRGP 
WRITFCNPRINT,153)AGP,BGP,VGP,PMGP 

153 FORMAT (///,20X,'GRAVEL PACK PROPERTIES«/// 
1 lOX,«COEFFICIENT A «',F10,4// 
2 lOX, «COEFFICIENT B « •,F10.^// 
3 lOX,«CRITICAL VELOCITY « «,F10.4// 
^ lOX,«COEFFICIENT K « «,F10.4//) 
WRITEINPRINT,163)THGP,RGP 

163 FORMAT dOX,« THICKNESS OF PACK « «,F10.2// 
I lOX,'RADIUS OF PACK « •,F10.2//I 

29 CONTINUE 
c 
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C POR WATER TABLE AQUITAR0,READ  DELAYED YIELD DATA. 

c 
IF( lAQTA. EQ.O)  GO TO 200 

P.EAD(NREAO, ZniSY.DINDEX l$,SK 

213  F0RMAT(2E10.2) 

SFAC=DINDEX»SY/6. 

0!NDEX=DINDFX/1000. 

200  CONTINUE 
READiNREAD,121)  NT ICR,ITST,TFACTR,TMUL,DTHUL il 

121  FORMAT(2110,3F10.2) 
NN0DS=1 

C 

C  GENERATE ELEMENTS OF VECTOR TIME. 
C 

TH=THL{IKMAXJ 
PM=PML(IKMAX) 
BK=BKL(IKMAX) 
SS=SSL(IKMAX) 
BKMAX=BK 
TPAT=1 

NTICP=NTICR<-1 
CALL  TIGEN(NTICP,TFACTR,TMUL,DTHUL,RH,PM,SS,IWBC,QFIX,TPAT» 

C 

C  READ AND PRINT DISCRETIZATION  DATA. 

C 

READ(NREAD,901)FRLEN,SCFAC,XLMAX $l 
901  F0RMAT(3F10.2) 

READ(NREAD,B011NDSC,NSCREN il 
801  FORMATiZI10) 

IPENTR=  0 
DO 602  I=1,NLAYR •NLAYR*« 

READ(NREAD,1901)IREGL(nTNMINL(I),NFRLiI) Ìl 
1901  FORMATOIIO) 
602 CONTINUE /• 

C 
C  READ WELL SCREEN DATA. 
C 

SCLEN=0. 
HRltE(NPRINT,553) 

553  FORMAT (/, lOX,'SCREEN NO  , lOX, * BASE HEIGHT », 1<»X, • LENGTH*,//I 

DO 702 I=1,NSCREN »NSCREN« 

READ{NREAD,601)XSCR(I),HSCR(I) il 

601  FORMAT(2F10.2) 
WRITE(NPRINT»563)I,XSCR(I),HSCR(I) 

563  FDRMAT(10X,l6,14X,F11.2fl0X,F10.21 

SCLEN=SCLEN<-HSCR(I ) 

702  CONTINUE 

C 

C  GENERATE AND PRINT DISCRETIZATION  DATA. 

C 

CALL GXNODRi FRLEN,S CFAC,XLMAX,RW,RO,NNODE.NELEH, LVEC.NLAYR,IPENTR, 

HDI SCR) 

C 

C  GENERATE  IPROP 

C 

DO 154̂  I=1,NELEM 

Jl=NOD(I,ll 

J2=N0D{I,2) 

J3=N0D(I,3) 

XCEN=(XUltl)+X(J2t 1)*XIJ3,1) )/3. 

IF( XCEN.LT.RGP)  IPR0P(I)»0 

1544  CONTINUE 

ROMAX«RO 

C 

C  FORM GROSS VECTOR VOTOP. 

C 

IF(lAQTA.EQ.O)  GO TO  166 

CALL  VDFB(LVEC) 

DO 176  I=1,NN0DE 

HINT{I,l)-0.0 

176  CONTINUE 

166  CONTINUE 

NN = 3 

CALL  FBFIN3(LEN,NELEM,NN,NN0DE) 

WRITE(NPRINT»3233)LEN 

3233 FORMATI////,lOX,'LENGTH OF GROSS VECTOR «»,18,//) 

DO 130  I«l,LEN 

V0(I)=0.0 

130  CONTINUE 

IELST=1 

00 632  M«lfMELEM 

Jl = NOD(M,l) 

J2=NnO(M,21 

J3«NOO(M,3) 

ORXiM)»(X(Jl, l)̂ X( JZ,1)+XIJ3, nJ/3. 632  CONTINUE 

C  CALCULATE HEAD AT VARIOUS TIME  VALUES 

C 
TMIS-TH+PM 
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FPI»8e./7. 

CUNST=QFIX/IFPI*TMISÌ 

OIFFUS»PM/SS 

LVST=? 

NST» N̂DVEC(1) 

LSTEL»=NnVEC{ I) 

NELTO=NELEM 

00 6tt2  I«1,LVEC  

HCOLD(I)«0. 

HF(n = 0. 

FINT(I,1)=0. 

6 2̂ QLEAKCI 1 = 0. 

IFdTST.EQ.l ) GO TO 124 5 

CALL HREAD(NNODS,1, U  

CALL HPUNCH ( NNODS, 3, 1) 

CALL HREAD(LVECt 1,2 ) 

CALL HPUNCH(LVEC,3,2 )  

IST«NN0DS+1 

DO 1345 I=IST,NNOD E 

H(n«=HO 

1345 CONTINUE 

GO TO 144 5 

1245 CONTINUE 

00 3545 I=1,NN0D E 

H(n=HO 

* 3545 CONTINUE 

1445 CONTINUE 

DO 245 I=l,NNOO E 

K1NT(I,1|:«H{I) 

245 CONTINUE 

DELT»:TIME (1) 

. NDTO=NNOD E  

ITMIN---NTICR 

QAQFR---2.*QRT0L — —  

SH0LD=0.0 

C 

C ESTIMAT E WELL DRAWDOWN FOR FIRST TIME STEP. 

c 
CALL DSWlNTiDSOLD, BK, QFIX,T«IS,TH,RW,SCLEN,DIFFUS,CUr>lST» 
DS0LD=0.6»DS0LD 

: TF(NLAYR.EQ. 1) DSOLD=1.2*DSOLO 

iTfM —  

FQ=0.0 

NQITER-5 

C 

C SE T JDARCY. 

C 

DO 299 I=1,NELE M 

J0ARCY{I)«0 

299 CONTINUE 

C 

C LOOPIN G WITH LOOP PARAMETER IT=l,NTIC R 

C 

DO 7007 IT=ITST,NTIC R 

ITCUR«=IT 

IFdT.GT.ll OELT«TIHE I IT)-TIME(IT-ll 

TH=TIMEiIT) 

LV$T=LVEC 

NST=HNODE 

TMM=TM-0ELT*0.5 

KRITE(NPRINT,683)IT 

683 FORMAT«///,lOX,33(/,10X,•**,4X t  

I «TIM E STEP NUMBER ,  15, 5X, •  ,/f lOX, 35 » • I ) 

TMIL=TMM/1000. 

KRITE(NPRINT,333)TMIL 

333 FORMAT{///»10X,41('«'l,/,l0X,»»S9X,*TIME ,  

1 E14.3,9X,•«',/ , 10X,41(),// ) 

HRITEiNPRINT,343)R0,NN0CE,NELEM,LVST 

343 FORMAT(/,lOX,«ESTIMATED RADIUS OF INFLUENCE «•,FID.2 ,  

1//, lOX, 'CORRESPO.NDING NO. OF NODES «•,I5,// t  

210X,'C0RRFSPGN0ING NO . OF ELEMENTS =«,I5,// .  

310X,»CORRESPONDING COMPONENT OF VECTOR NDVEC '*tl5,// i  

C 

C COMPUT E DIMENSIONLESS TIME . 

c 
C0NS»4.0»DIFFUS»THM 

DO 709 I»l,NNOD E 

TLES5in«C0NS/X{ I,U*»2 

709 CONTINUE 

C FO R WATER TABLE AQUITARD COMPUTE BOUTON*S INCREMENTAL DELAYED YIELD, 

C 

1F(lAQTA.EO-O) GO TO 777 

ARGU=-DIN0EX«DELT»0.5 

TERM=nEXP{ARGU) 

ES*=SY«( l.-TFRM) 

WRlTE(NPRINT,903)eS 

903 formati///,IX.'EFFECTIVE SPECIFI C YIELD -SEI4.4 )  

777 CONTINU E 
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c 
C INITIALISE HEAD VALUES. 
C 

IFdT.EQ.l) GO TO 165 
677 CONTINUE 

00 155 I«1,NH00E 
H I N T d ,11 =H( I) 

155 CONTINUE 
165 CONTINUE 

CALL EBFIN3(LEN, NELEH,NN,NNODEJ 
C 
C FORM GROSS VECTOR VD. 
C 

IF( lELST.GT.NELEH) GO TO 1235 
NT=0 
DO 135 IE=IELST,NELEM 
IF{ IPROP( IE).NE.O) L=IPROPiIE) 
SC=SSL(L) 
CALL ELGND3(NT, SC, IE) 
CALL MERBD(NN,IE) 

135 CONTINUE 
IELST=NELEH<-1 

1235 CONTINUE 
DO 2722 I = LVST,LVEC 
IF(NST.GT.NDVEC(I)) GO TO 2722 
JJ=NDVEC( I-l ) 
JF=I 
GO TO 2822 

2722 CONTINUE 
2822 CONTINUE 

LMB=NDVEC(JF1-JJ 
C 

CALL VECMUL(NNODE,LEN) 
C 
C FOR WATER TABLE AQUITARO, COMPUTE BOULTON'S DELAYED YIELD. 
C 

IF(IAQTA.EQ.O) GO TO 278 
CALt GVMOO(LVST,ES, 1) 
IF(IT.EQ.l) GO TO 278 
FTERH=0.5*DELT*SFAC 
CALL GKMOD(LVST,FTERM) 

278 CONTINUE 
HW=HO 
NDW=NDVEC(1) 
NDRO=LHB 
CALL BMDFIX( HM,HO,NNOOE,NBD,NDW,NDRO,NBW,RW,NSCREN) 

C 
C STORE ELEMENTS OF MATRIX GK FOR DISCHARGE COMPUTATION. 
C 

DO 1378 I=1,NBW 
JJ=JBD(I) 

1378 G P d )=GK( JJ, II 
C 
C SET UP LOOP FOR WELL DISCHARGE ITERATION. 
C 

DO 998 IQ=1,NQITER 
C 
C ADJUST VALUE OF WELL DRAWDOWN. 
C 
C 
C SET IDARCY=JDARCY. 
C 

DO 99 I=1,NELEM 
lOARCYi n=JDARCY{ n 

99 CONTINUE 
C 
C RESET HEAD VALUES. 
C 

00 1559 I»1,NN00E 
H ( n = H I N T ( I , U 

1559 CONTINUE 
WRITF{NPRINT,5003) 

5003 F O R M A T I / , 5 X , 3 0 ( • ) ) 
CALL FQSETd T,ITCUR,DELT,FQ,TPAT} 
CALL SWMO0( IQ, IT,t^CSNG,OELT,QFIX,QAQFR,SWOLD,DSOLD, TPAT.FQ) 
WRITEiNPRINT,833)IQ,DSW(IQ),SW{IT} 

833 FORMAT«///,lOX,*DISCHARGE ITERATION NUMBER ««.IIO,//, 
1 lOX, •DRAWDOWN INQtiEHF.NT «'»FIO.S,//, 
2 lOX,«DRAWDOWN VALUE »SFIO.S,//) 
NBIS<=NBW 
1F(XSCR(1)-GT.0.) NBIS-0 
NBP«NBIS*1 
IF(NBP.EQ-ll GO TO 94 
DO 117 1=1,NBW 

117 C K d , l l = SW(I T)*HO 
94 CONTINUE 

HH-Hfl + S W d T ) ^ . 
CALL BMDF1X(MW,HQ,NN0DE,NBD,NDW,NDR0,NBW,RW,NSCREN) 

C 
C S6T UP LOOP FOR ITERATION 0^ HEAD 
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c 

N1TER«5 
IFCBKHAX.LE.0.0) NITER-1 
VCOUNT«0 
DO 999 III»1,NITER 

C ZERO GROSS STIFFNESS MATRIX AND LOAD MATRIX 
0 

DO 300 I«I,LEN 
VCORE( 11 = 0.0 

300 CONTINUE 
DO 305 I=NBP,NNODE 
CK(I,1>=GK(I,I) 

305 CONTINUE 
C 
C COMPUTE STIFFNESS MATRIX FDR EACH ELEMENT AND MERGE 
V 
C FOR 111=I ONLY PERFORM SOLUTION FOR DARCY CASE 
c 

NN«3 
DO 350 I=1,NELEM 
NT=NREP{n 
IF( IPROPdl.EQ.O» GO TO 755 
L«IPROP(n 
AKK=AKL(L1 
BKK=BKL{L) 
PKK=PML(L) 
GO TO 365 

755 CONTINUE 
AKK=AGP 
BKK^BGP 
PKK=PMGP 

365 CONTINUE 
CALL ELGNCTiI,III,AKK,BKK,NT»VCOUNT,PKK) 
CALL MERBBiNNtI) 

350 CONTINUE 
DO 978 1=1,LEN 
VK{I) = 0.0 

978 CONTINUE 
IFilAQTA.EQ.O) GO TO 555 
CALL GVMODiLVST, ES, 0) • 

555 CONTINUE 
DO 530 1=1,LEN 
VKt I )=VCORE{ I) •DELT*0. 5+VD{ D+VKi I) 

530 CONTINUE 
C -- .. 
C FIX THE HELL DRAWDOWN. 
C 

NLEN=0 
JJ»JBO(NBW) 
DO 98 1=1,JJ 
NLEN=NLEN+NBAND(n 

98 CONTINUE 
DO 378 I»I,NLEN 

378 V S ( n = VK(I) 
C 
C SOLVE EQNS BY BANDED ELIMINATION SCHEME 
C 

NLL»1 
NBM=NBP-l 
CALL FQFLUX(NBM,NNODE} 
NBX=NBW 

• IF(IBOUND.EQ.I) NBX=NB0 
CALL SYMSOL(NNODE,NLL,NBH,NBX) 

c 
C PRINT OUT SOLUTION FOR FUNCTION 
C 

IF(III.EQ.II GO TO 900 
415 CONTINUE 

NC0UNT=0 
EMAX=0.0 
DO A50 I«I,NNODE 
EPSI=CK(I,I)-H(I) 
EPSIS=EPSI 
IFCABS(EPSI).GT.EMAX) EHAX=A8S(EPSIJ 
lFCABS(EPSn .LE.HTOL) GO TO A60 
NCOUNT=NCOUNT+I 
H(n«H(n+ORELAX*EPSIS 
GO TO -^50 

460 CONTINUE 
Hin«CK(I,ll 

450 CONTINUE 
IF(NCOUNT.EQ.Oi GO TO 1000 
GO TO 199 9 

900 CONTINUE 
DO 950 1»1,NN0DE 
H(I l"CK(I,I) 
HLESSin=tHO-H(I>)/CUNST , , ̂ ^u/tuu 
1F({ITCUR.GT.ITI.AND.(IQ.EQ.I)) TLESSU l-TLESS( n*TM/TMM 

950 CONTINUE 
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1999 CnNTINUE 
IF(NITER.EQ.1) GO TO 999 

C 
C REGENERATE IDARCY 
C 

DO 199 NELEH 
J l«NOD(I , l ) 
J2*NOD(I,2) 
J3=N0D(IT3) 
NT=NREP(I1 
IF(IPR0PII1.NE,0> L»=IPROP(n 
AK=AKL(L) 
BK=BKL(L) 
PMK=PML(L) 
VCR=\/CRL(LI 
CALL SETARG(AGP,BGP,PMGP,VGP,AK,BK,PHK,VCR,II 
CALL VCHEC3i I»AK,BK, Jl,J2,J3fNT,PHK,VCR,HRRX,HRRY» 

199 CONTINUE 
999 CONTINUE 

1000 CONTINUE 
WRITE(NPRINT,A13)III 

413 FORMATi//,lOX,'NUMBER OF ITERATIONS REQUIRED »«»ISI 
WRITE(NPRINT,A7 3)NC0UNT,EHAX 

473 FORMAT (//,10X,'TOLERANCE COUNTER FOR HEAD « » » n f / Z t 
I lOX,'ABSOLUTE MAXIMUM ERROR IN HEAD = * , F 1 2 . 4 ) 

C 
C CHECK FOR ACCURACY OF DISCHARGE RATIO. 
c 

DWD=DSW{IQ) 
CALL AQDIStNBW, QAQFR,QRDIF,OELT,TH,RCSNG,IQ,QFIX,DWD) 

C 
c 
C PRINT FINAL DISCHARGE VALUES. 
C 

QCALL=QCALC(IQ) 
QSTRGf=QCALL-QAQFR 
WRITE(NPRINT,1203 ) QAQFR»QSTRGE,QCALL,QRDIF 

1203 F0RHAT{///,10X,»DISCHARGE FROM AQUIFER INTO WELL = « , F 1 2 - ^ , / / , 
I lOXf«DISCHARGE FROM WELL STORAGE = ' , F I A . 3 , / / , 
1 lOX," TOTAL CALCULATED DISCHARGE = * , F I 4 . 3 , / / , 
210X,'RESIDUAL DISCHARGE = * , F 1 0 . 4 ) 

IF(QROIF.LE.QRTOL) GO TO 1102 
998 CONTINUE 

1102 CONTINUE 
0 
C RESET IDARCY. ' -- ---
C 

DO 2599 I«l,NELEM 
JDARCY(I>=IDARCY(I) 

2599 CONTINUE 
SWOLD=SWiITl 
DO 470 I=1,NN0DE 
HLESS r I )= {HO-H( I ))/CUNST 

470 CONTINUE 
CALL ROUTiNNODE) 

C 
C COMPUTE AND PRINT ELEMENT VELOCITIES 
C 

IF(IVEL.EQ.O) GO TO 557 
WRITE(NPRINT»4203) 

4203 F O R M A T ! ' 1 ' f / / / t 2 0 X , / 
1 20X, ELEMENT VELOCITIES *•/ 
2 20Xt 
310X,«ELEM NO.',10X,'RADIAL VEL*,10X,•VERTIC VEL*,10X,•IDARCY',///I 

DO 3000 I » l , NELEM 
J1«N0D(I , I ) 
J2»N0D(I ,2) 
J3«N0D(It3) 
NT=NREP<I) ' 
1F( IPROP{ n.NE.O) L«IPROPCI) 
AK«AKL(L) 
BK=BKL(Li 
PHK=PMLIL) 
VCR=VCRL(L) 
CALL SETARGiAGP,BGP,PMGF,VGP, AK,BK,PMK,VCR,I) 
CALL VCHEC3(I,AK,BK,JI,J2,J3r NT,PMK,VCR,HRRX,HRRY» 
VC0MP1=-VEL( n-̂ HRRX 
VC0MP2»-VFL(I)*HRRY WRITECNPRINT,1103)1 ,VCOfPI,VC0MP2,IDARCY(1) 

1103 FORMAT (10X, 1 5 , 1 OX, FIG.3) , 10X» 15) 
3000 CONTINUE 

557 CONTINUE 
IF(IT.GT.ITMIN) GO TO 577 
IF(ITCUR.GT.IT) GO TO 7000 
TMIL«TM/1000. 
HRITF(NPRINT,333)TMIL 
ITCUR=IT+1 
GO TO 677 

577 CONTINUE . 
TMIL«=TM/1000. 
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HRITE(NPRINT,333iTHIL 

OBTAIN  HEAD VALUES  AT THE ÊJD OF TIME  INTERVAL 
BY EXTRAPOLATION. 

DO 477  I'=1,NN0DE 

TLESS(n = TLESS{ r )*TH/TMM 

H(n=2-0«H( I J-HINT{ I, I) 

HLESS(I)={HO-H(I))/CUNST 

477  CONTINUE 

SHTEMP̂ SWOLD 

SWOLD=H(I)-H0 

QFR=QAQFR 

OWTEMP-SWGLD-SWTEMP 

qaqfr=qfr*swolo/swtemp 

ACSNG=22.«RCSNG**?/?. 

TRH=ABS{ACSNG*DWTEMP*2./DELT) 

QCALL=QAQFRi-TRM<'IO.  **3 

QRDIF=ABS(QFIX-QCALL) 

SW(IT)«SWOLD 

QWSTR=QCALL-QAQFR 

WRITE(NPRINT, 120 3)QAQFR,QHSTR,QCALL,QRDIF 
7009  CONTINUE 

CALL  ROUTiNNODE) 

7000  CONTINUE 
IF( lAQTA. EQ.O)  GO TO 6007 
00 9007  I=1,LVST 
L=NDVEC(I) 
HF(n=H(L) 
FINT(I,1)=HINT(L,I) 

9007  CONTINUE 
CALL  BSIMP{LVST,TH,DINOEX,Sy,DELT,IT,Oi 
DO 8007  I=1,LVST 
L=NDVFC(I) 
HCOLDd J=H(L) 

8007  CONTINUE 
6007  CONTINUE 
7007  CONTINUE 

5000 

4800 

10 

33 

PUNCH OUT SOLUTION  AT FINAL TIME. 

CALL  HPUNCHi NNODE, 2,1) ' 

CALL  HPUNCH(NN00E,2,2J 

CONTINUE 

CONTINUE 

STOP 

END -
SUBROUTINE  GXNODR(FRLEN,SCFACtXLMAX,RH,RO.NNODE,NELEM.LVEC,NLAYR, 
IIPENTR,IDISCR) 

GENERATES DISCRETIZATION  DATA. 

COMMON  /CS0LV/VD{2000),HINT(300,I),IPRGP(5D0},0(3,3) 

COMMON  /ADISC/X{300,2),N0D{500,3),NREP(500) 

COMMON /BDISC/RVECi 50)»NOVECl 50),XLEN(100) 

COMMO>i /ALAYR/AKH3), DKL{ 3), VCRLi 3 J , SSLt 3) »THLi 3) ,I REGL(3), 

INMINL(3),NFRL(3),PML(3) 

COMMON  /AELEM/NTRAN(3,90),NHl(3,90),NH2(3,901,NDBI(3,90), 

1N0B2(3,90 ),NDWB( 9i 

DATA NPRiNT/3/ 

CALL  0CRGN3iR0,RM,SCFAC,FRLEN,NRR,XLMAX) 

NRST=l 

THT0»0-

NSTFR=1 

N0WB(1)=0 

DO 10  I»1,NLAYR 

THT0=THT0+THL(n 

NFR=NFRL(I) 

NDWB( I ) =NCWB( 1)<-NFR 

IREG»IREGL<I ) 

NMIN«=NMINL( I ) 

CALL NCRGRI{NFR, IREG,NRR,NMIN,NSTFR,NRST,IPENTR,I I 

CONTINUE 

CALL  NCRGR2(NRST,NRRtNLAYR,SSTFR) 

1F( IDISCR.EQ.O)  GO TO g-!» 

WRITECNPR INT,33)NLAYR.NRR 

FORMAT (»1 • ,20X, • DISCRETISATION  DATA*,//, 

I lOX, • NUMBER OF LAYERS  -'»15,//, 
lOX,'NUMBER OF REGIONS >•,15,//) 

94  CONTINUE 

DICRETISE  ENTIRE REGION INTO TRIANGULAR  ELEMENTS. 

KCREP»l 

NSTOR-I 

NTSCL-l 

DO 65  I«NRST,NRR 

DO 691  L=1,NLAYR 

N1»NHI<L,I) 

N2«NH2(L,n 

NFN01»NDB1(L,1) 
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NFND2'=NDD2(L, I ) 

NPAT«=NTRAN(L , I ) 

CALL BBL0CK(KCP,EP,N1,NFND1,NFND2,NPAT,NTSEL J  

NELE MxNTSEL-1 

00 6 G 1E«NST0R,NELE M  

IPR OPdEJ'L 

68 CONTINU E  

NSTOR'cNTSEL 

691 CONTINU E  

65 CONTINU E  

C 

C PRIN T OU T ELEMEN T DATA .  

C 

NELEM*=NTSEL-1 

IFilDISCR.EQ.O) G O T O 10 4  

HR1TE(NPRINT,83) 

83 FOR MAT(/// , lOX , A6H IDENTIFICATIO N O F ELEMENT S -  NOD E CONNECTIONS, /  

I//,12X,7HELEM NO,lOX,5HNQDEI,lOX,5HN0DE2,lOX,5HN0DE3,lOX , 17HREPET I  

2TI0N NU MBER,// )  

DO 8 0 I=I,NELE M  

HRITE(NPRINT,93)I ,  (N0D( I,K} ,K = l,3), NREPn i 

93 F0R MAT(10X,I5,3(10X,I5),12X,I9 )  

80 CONTINU E  

104 CONTINU E  

C 

C GNERAT E NOD E COORDINATES .  

C 

RI»RW 

NS=l 

MM=1 

DO 7 5 I=NRST,NR R  

DXG=XLEN{I) 

ZI = 0,0 

DO 8 7 L=1,NLAY R  

TH'THLiL) 

NN=NH1{L, I I  

CALL COORDC{NS, M M,NN,DXG,TH,RI,Z n  

ZI=TH 

NS=NS-1 

RI = RI-DXG 

87 CONTINU E  

RI=RI>DXG 

NS=NS+1 

75 CONTINU E  

ZI=0,0 

DO 87 7 L=1,NLAY R  

TH=THL(LI 

NN=NH2(L, NRR ) 

CALL COORDCiNS, M M,NN,OXG,TH,RI,ZI )  

ZIxTH 

NS=NS-l 

RI«=RI-DXG 

877 CONTINU E  

C 

C .  .  ;  • •  - •  :  •  .  •  

NNODE =  N5 

IF(IDISCR.EQ.O) G O T O 11 4  

HRITE(NPRINT,103) 

103 FORMAT ! • 1«, lOX, «NODAL COORDI N ATES • ,//tlOX, • NODE • ,5X , 

I'R-COORD',5X,«Z-COORD«,//) 

C 

DO 8 5 1=1,NNOD E  

WRITEiNPRINT,113)I,X(I,1),X(I,2 ) 

113 F0R MAT(10X, I 4,2F11.2 )  

85 CONTINU E  

114 CONTINU E  

C 

C GENERAT E TO P BOUNDAR Y COORDINAT E VECTORS .  

C 

NDTO«=NS 

CALL TOPVEC(THTO,LVEC,NDTO )  

C 

C PRIN T OU T BOUNDAR Y COORDINAT E VECTORS .  

WRITE(NPRINT,223 ) 

223 FOR MAT(///,20X,«TO P BOUNDAR Y NODE S AN D RADIA L COORDINATES',/// t  

llOX,'NODE NUMBER » ,20X,'R-Cn0RDINATE«,// )  

DO 33 5 I=1,LVF C  

HRITE(NPRINT,333)NDVEC( I ) ,RVEC(I ) 

335 CONTINU E  

333 FORMA T (lOX, I 7,25X,F 10.2 1  

RETURN 

END 

SUDPOUTINE 0CRGN3(R0,R W,SCFAC,FRLEN,NRR,XL MAX )  

c 
C GENERATE S DISCRETIZATIO N PARA METERS: - NRR,XLE N  

c 
COMMON /BDISC/RVEC(50),N0VEC(50) , XLENI100 )  

MAXNR«89 

XLE Ntn-FRLEN 

RLEN^RO-RW 
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c 

SUM̂ XLENiIJ 

DO 10  I«2,MAXNR 

XLENt n = XLEN( I-l )»SCFAC 

IFCXLEN( I )-GT.XLMAX)  XLENiD̂ XLMAX 

SUH=XLEN(I)+SUM 

IFiSUH.GT.RLENi  GO  TO 20 

10  CONTINUE 

20  COf>ITINUe 

XR6M=RLEN+XLEN(I J-SUM 

NRR= I 

DEN0M=1.+SCFAC+SCFAC»*2 
XLEN( I-2»=(XREH+XLEN( I-l)+XLENi 1-2 ) )/OENOH 

XLEN(I-1J=XLEN( I-2)+SCFAC 

XLENd ) = XLEN(I-l)»SCFAC 
RETURN 
END 
SUBROUTINE NCRGR1 ( N FR, I REG, VRR, NHI N, NST FR, NRST, IPEN TR,L ) 

C  GENERATES DISCRETIZATION PARAMETERS:- NTRAN.NHl,NH2.NDBl,N0B2 

c 
COMMON /AELEM/rfrRAN(3,90},NHl (3 ,90 } , NH2 i 3,90 J , NDBK 3, 90 », 
1NDB2(3,90),NDHB(9) 
NC=NFR 

ncoi;nt=o 
DO 10  I=NRST,NRR 
IRGG=IREG 

IFUI.EQ.NRST).AND. (IPENTR.NE.On  IRGG=0 
NCOUNT=NCOUNT+1 

IF(NCOUNT.LT.IRGG)  GO TO 20 

NCOUNT=0 

NHALF=NC/2 

NREM=NC-2*NHALF 

IFINREM.GT.O)  GO TO  15 

HCl«=NC-l 

IFINCl.LT.NMIN)  GO TO 20 

KTRANlL,n=2 

NC=NC1 

NH2{L,I)=NC 

NHKL, n = NC<-l 

GO TO  10 

15 CONTINUE 

HC1=NHALF+1 

IFiNCl.LT.NMIN)  GO TO 20 

NTRAN(L,I)=1 

NC=NC1 

NH2(L,I)»NC 

MHICL.I )»2*NH2(L,I)-l 

GO TO  10 

20 CONTINUE 

NH2(L,I)»NC 

MTRANCL,I) = 0 

NHKL, I )=NH2(L,I} 

10 CONTINUE 

RETURN 

END 

SUBROUTINE  NCRGR2(NRST,NRR,NLAYR,NSTFR) 

C 

C  MODIFIES  THE VALUES OF NDBl AND NDB2-

C 

COMMON /AELEM/NTRAN (3 ,90) ,NH1 i 3,90 ) , NH2t 3, 90) ,NDB1C3,90), 

lNDB2i3,90),N0HB(9) 

NDBC=NSTFR 

DO 50 J=NRST,NRR 

NDBK 1, J) =NDBC 

IFCNLAYR.LT.2)  GO TO  56 

DO 55  L=2,NLAYR 

NDBICL,J)=N0B1(L-1,JJ+NH1(L-1,J)-1 

55  CONTINUE 

56 CONTINUE 

t=NLAYR 

NnBC=NDBl(L,J)+NH1(L,J) 

50 CONTINUE 

NR1=NRR-1 

DO 60  J=NRST,NRl 

DO 65  L=1,NLAYR 

NDB2CL, J)»N0B11L,J+1) 

65  CONTINUE 

60 CONTINUE 

N0B2(l,NRRJ=NOBC 

DO 75  L=2,NLAYR 

NDB2( L , NR R) = NDB2 (L- I, NRR) •NH2 i L-l, NRR)-l 

75  CONTINUE 

RETURN 

END 

SUBROUTINE  COORDC(NS,HH,NNfDXG,TH,RI,ZI) 

C 

C  GENERATES NODAL  COORDINATES. 

C 

COMMON  /A0ISC/X(300,2i,N0n{500,3),NREPi50C) 

COMMON /ASOLV/XXC5,90) ,XY(5,90i 
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DY»TH/(NN-n 
DO 20 L=l,NN 

20 XX(1,L)=RI 
DO 50 K=1,MM 

50 XY(K,1)=ZI 
DO 60 J=2,NN 
JMl»J-l 
DO 70 
XY(K,J J = XY(K,JH11+0Y 

70 CONTINUE 
60 CONTINUE 

DO 80 J=1,MH 
DO 90 K=1,NN 
L=NN*( J-D+K^^NS-l 
X(L,l>=XX{J,K) 
X(L,2)=XY(J,K) 

90 CONTINUE 
80 CONTINUE 

NEN=NS+(MM*NN)-l 
NS=NEN<-1 
RI«=X{NEN, li+DXG 
RETURN 
END 
SUBROUTINE BBL0CK{KCREP,NI,NFNDl,NFND2,NPAT,NTSEL) 

c 
C GENERATES ELEMENT CONNECTIVITIES IN BASIC BLOCKS. 
C 

DIMENSION ND{3,3) 
COMMON /ADISC/X(300,2J,N0D(500,3),NREP(500} 
NDil» 1 i = NFNDl 
ND(1,2)=NFND2 
ND(I,3)=NFNDI+1 
ND(2,l)=ND(l,3) 
N0i2,2)=ND(I,2) 
N0C2,3)=ND{1«2)+1 
IFiNPAT.EQ.l} GO TO 200 
IFiNPAT.EQ.O) GO TO 265 
NTEMPeNl-2 
DO 90 JJ=1,2 
NST^NTSEL 
NLST=NST<-NTEMP 
DO 40 J1=NST,NLST 
NREP(J1)=KCREP 
KCREP=KCREP+1 
DO 50 K=l,3 
N00(J1,K)*ND(JJ»K»+(Jl-NST) 

50 CONTINUE 
AO CONTINUE 

NTEMP=NTEMP-l 
NTSEL=NLST+1 

90 CONTINUE 
GO TO AOO 

200 CONTINUE 
ND(3»I)=ND(2,I1 
ND(3,2) = ND{2, 2) + I 
ND(3,3)=ND{3,1)+l 
NTEMP=(Nl-l)/2-I 
Ll=2 
L2«l 
DO 250 JJ=I,3 
L3=2 
IF(JJ.EQ.21 L3=l 
NST=NTSEL 
NLST«NST+NTEMP 
DO 260 Jl=NST,NLST 
NREPtJI)=KCREP 
DO 270 K=I,3 
IF(K.EQ.l) LL=LI 
IF(K.EQ.2) LL=L2 
IF{K.EQ.3) LL=L3 
NOD( JI,K) =ND(JJ,KH-(Jl-NST)*LL 

270 CONTINUE 
260 CONTINUE 

KCREP-KCREP^-l 
NTSEL=NLST+l 

250 CONTINUE 
GO TO 400 

265 CONTINUE 
NTEMP=Nl-2 
DO 190 JJ=I|2 
NST-NTSEL 
NL$T»NST*NTEMP 
DO 140 Jl=NST,NLST 
NREP( JIl^KCREP 
DO 150 K«l,3 
NOD(J1,KI-NO(JJ,K)+(Jl-NST) 

150 CONTINUE 
140 CONTINUE 

KCREP«KCREP«-l 
NTSEL«NLST4^1 • 
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190 CONTINUG 
400 CONTINUE 

RETURN 
END 

SUBROUTINE AQPROP(NELEM,RGP, BTGP, TH) 

C  COMPUTES ELEMENT PROPERTIES INDEX,IPRQP, 
c 

COMMON /ADISC/X(300,2 ),N0D{500,3),NREP(500)  
COMMON /CSnLV/VD(2000) ,HINT{300,U.1PR0P(500) ,0(3,3) 
00 10 I=1,NELEM 
Jl=NODir,l) 
J2=N0D(I,2) 
J3«NOD(I,3) 

0RX = {>:(JI,1)+X(J2, 1 ) + XIJ3,l) )/3. 
IPROP(I)=l 

IF( {ORX.LT.RGP).AND.(ORY.GT.BTGP) ) IPR0P(n=0 
10 CONTINUE 
RETURN 
END 
SUBROUTINE TOPVEC(TH,LVEC,NDTOJ 

C 
C  COMPUTES RADIAL COORDINATES FOR NODES SITUATED ON TOP BOUNDARY. 
C 

COMMON  /ADISC/X(300,2l,N0D(500,3),NREP(500) 
COMMON /BDISC/RVEC( 50),NDVECI 50), XLENdOOi 
J=0 
DO 10 I=1,NDT0 
ZOIF=ABS( TH-X( I, 2)) 
IFCZOIF.GT.O.OOl) GO TO 10 

NDVEC(J)=I 
RVEC(J>=X{I,1) 

10 CONTINUE 
LVEC=J 
RETURN 
END 
SUBROUTINE ELGND3( NT, SC,M) 

C 
C  GENERATES ELEMENT MATRIX,0, FOR TRIANGULAR ELEMENTS. 
C 

COMMON /ADISC/X(300,2),N0D(500,3) ,NREP{500) 
COMMON  /CS0LV/VD(2000J,HINT(300,l),IPR0P(500),0(3,3» 
COMMON! /AELEH/ELK(3,3,150),EK(3,3) 
COMMON /BELEM/B(150,3),C{150,3),AREA(150) 
COMMOM /VCOM/ORX(500Í,VEL(500I,H(500),1DARCYÍ5001 
J1=N0D(M,1) 
J2=N0D(M,2) 
J3=N0D(M,3) 
ORX(M) = {X(JI, 1)+X( J2, 1)+X(J3, I) )/3. 
IF(NREP(M}.EQ.NT) GO TO 50 
NT=NREP(M) 
XJ»X( J2,n-X(Jl, 1) 
XM=X( J3,1)-X( Jl, I) 
YJ«X( J2,2)-X(Jl,2) 
YM=X(J3,2)-X(JI,2) 
AREA(NT)=0,5*(XJ*yM-XM»YJl 
AFUN=2.*AREA(NT) 
B(NT,1)={YJ-YM)/AFUN 
B(NT,2)=  (YM)/AFUN 
BÍNT,3)= (-YJ)/AFUN 
CCNT,1)=(XM-XJ)/AFUN 
CCNT,2)=  (-XM)/AFUN 
C(NT,3)=  (XJ)/AFUN 
DO 100 1=1,3 
DO 100 J=l,3 
IF(J-I) 105,110,110 

110 FLKd ,J,NT) = B(NT,I)*B(NT,J)+CCNT,I)*C(NT,JÍ 
GO TO 100 

105 ELK(I,J,NT)=ELK(J,I,NT) 
100 CONTINUE 

C 
C  FORM ELEMENT MATRIX:- D 
C 

0(1,11=0.5»0RXÍM)*AREA(NT)»SC/3. 
D(2,2)=D{1,1) 
D(3,3)»D( 1,1 ) 
D(1,2)»0( 1,I)*0.5 
0(2,1 J="0( 1,2) 
D(1,3)=D( 1,2) 
D(3,l )*=D( 1,3) 
D(2,3}=0(1,21 
0(3,2)«D(2,3) 

50 CONTINUE 
RETURN 
END 

SUBROUTINE ELGNCT(M 111!,AK,BK,NT,VCOUNT,PMKI 
C 
C  GENERATES ELEMENT MATRIX,EK,FOR TRIANGULAR ELEMENTS. 

C . 
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COMMON MOI SC/X(300»2) ,NOO('iOO,3) ,NREP(500) 
COMMON /AELEM/fiLKi 3,3, 150),b-K( 3,3) 
COMMON /BELTM/Ri 150,3),CI150, 3),AREA(1501 
COMMON /VCOM/nRX(5005 ,VEL{500 ),H(500M0ARCy{500) 
1F( IDARCY (M) .EQ.Ol  C-O TO 70 

500 CONTINUE 

Jl=NOO{M,I) 
J2=N0D(M,2) 
J3=NOO(M,3) 
CALL CONSTTt M,AK,BK,AC0NST,Jl,J2, J3,NT) 
GO TO 80 

70 CONTINUE 
PX=PMK 

ACONST=PX«ORX(M)«AREAÍNT| 
80 CONTINUE 

C 
C CALCULATE ELEMENT MATRIX 
C 

DO 200 1=1,3 
00 200 J=l,3 

EKd, J)=ACONST*ELK( I,J,NT) 
200 CONTINUE 

RETURN 
END 
SUBROUTINE CONSTT {M , AK, 6K,ACONST, J1, J2, J3,NT) 

C 
C  COMPUTES NON-LINEAR COEFFICIENT FOR TRIANGULAR ELEMENTS. 
C 

COMMON  /BELEM/B(150,3),C(150,3),AREA{150) 
COMMON  /VCOM/ORX(500),VEL(500),H(500),IOARCY(500i 

HX=B(NT,l )*Hi JH +B(NT,2)i'H{ J2)+BINT,3J*H(J3) 
Hy=C(NT,l i*H{Jl)+ClNT,2»*H(J2)+C{NT,3)«H(J3) 
HS= ABS(  SQRT(HX«>!'2+HY**2)) 
TEHP = 0. 5•AK-̂ SQRT (0. 25<=AK»»2+BK*HS I 
VEL(MJ=HS/TEMP 
ACONST=AREA(NT)*ORX(M)/TEMP , 

500 CONTINUE 
RETURN 
END 
SUBROUTINE  EBFIN3<LEN,NM,NN,LL) 

C 
C  SUBROUTINE TO GENERATE THE BANDWIDTHS OF THE BANDEO SYM STIFFNESS 
C  MATRIX. NBAND CONTAINS THE BANDWIDTHS, ID THE POSITION OF THE 
C  TERM ON THE DIAGONALS OF THE ORIGINAL MATRIX, LEN IS THE LENGTH 
C  THE VECTOR. 
C 

DIMENSION LV(3J 
COMMON /ASOLV/ISTART(300> ,NBAN0Í300),10(300) 
COMMON /ADISC/X( 300,2)1̂ 301500,3) ,NREPÍ500) 
DO 20 1=1,LL 
NBANDd)«! 
ISTART(I) = I 

20  CONTINUE 
C 
C  SCAN THROUGH THE LOCATION VECTOR FOR EACH MEMBER TO FIND 
C  THE POSITION OF THE TERM FURTHEREST FROM THE DIAGONAL IN EACH ROW 
c 

NF2=NN 
DO 25  1=1,NM 
DO 30 J=l,NF2 
LV( JI = NOD(I, J) 

30 CONTINUE 
DO 45 J=I,NF2 
1FCLVÍJ).EQ.0)G0  TO 45 
DO 40 K=1,NF2 
IFCLVtJ).GT.LV{K))  GO TO 40 
NW=LV(K)-LV(J)+l 
NR«LV(J) 
IFÍNW.GT.NBANDÍNR)) NBAND(NR)«NW 

40 CONTINUE 
45 CONTINUE 

C  SEARCH FOR THE FURTHEREST OFF-LEFT TERM 

C 
DO 55 J«l,NF2 
IF(LV(J).EQ.O)  GO TO 55 
DO 65 K=1,NF2 
IFILV(J)-LT.LV{K))  GO TO 65 
NH«LVCK) 
NR«LV(J) 
IF(NW.LT.ISTART(NR))  ISTART(NR)«NW 

65 CONTINUE 
55 CONTINUE 
25 CONTINUE 

C 

C  SET UP ID VECTOR AND COMPUTE LENGTH OF STIFPNESS VECTOR 

C  ALSO CHECK THAT NBAND DCES NOT DECREASE BY MORE THAN 1 AT A TIME 

C 
LEN=NBAN0(1) 
00 50  I«2,LL 
IF(NBANO( I)-NBANO(I-I).LT.O)  N8AND(I)-NBANDiI-li-l 
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c 

LEN«LEN«-NBANO( n 
50 CONTINUE 

ID( U - l 
00 60 I = 2 , L L 

60 I0 ( I )»:I0( I - n + N B A N D d - n 
RETURN 
END 
SUBROUTINE HERBO(N,H) 

C MERGES ELEMENT MATRIX D INTD GROSS VECTOR VD. 
c 

COMKON /ADISC/X(300 ,2 ) ,NaD(500 ,3 ) ,NREPi500) 
COMMON /AELEM/ELK(3,3, 1 5 0 ) , f : K { 3 , 3 ) 
COMMON /AS0LV/ISTART(300) ,N3AND ( 3 00) , 10< 300 > 
COMMON /CSOLV/VD(2000),HI N T ( 3 0 0 , 1 ) » I P R O P ( 5 0 0 ) , 0 { 3 , 3 I 
00 10 I » I t N 
IK=NOD(M,n 
I F ( I K . E Q . O } GO TO 10 
00 20 J » l ,N 
JK=NOD(M,J) 
I F ( I K . G T . J K ) GO TO 20 
IP0S=ID{IKH-JK-IK 
VD(IPOS)=VD{IPOS)+D(I , J ) 

20 CONTINUE 
10 CONTINUE 

RETURN 
END 
SUBROUTINE MERB3(N,H) 

C 
C MERGES ELEMENT MATRIX EK INTO GROSS VECTOR VCORE. 
c 

COMMON /ADISC/X(300 ,2) ,NODi500,3) ,NREP(500) 
COMMON /AELEM/ELK(3 ,3 ,150) ,EK{3 ,3 ) 
COMMON /ASOLV/ISTART{300),NBAND{300),ID(300) 
COMMON /ACORE/VCORE(2000) 
DO.10 I»1 ,N 
IK«N0D(M,I) 
I F ( I K . E Q . O ) GO TO 10 
DO 20 J = 1 , N 
JK^NODtM.J) 
I F ( I K . G T . J K ) GO TO 20 ' 
IP0S«IDiIK)4-JK-IK 
VCORE{IPOS)=VCORE(IPOS)+EK(I,J) 

20 CONTINUE ' 
10 CONTINUE 

RETURN 
END 
SUBROUTINE SYMSOLiLL,NLL,NBM,NBX) 

c 
C AN IN CORE BAND SOLVER. 
C USE IN CONJUNCTION WITH TOPOLOGICAL SUBROUTINE FOR LARGE BANDWIDTH, 
C 

DIMENSION VTEMP{90) 
COMMON /BDISC/RVECi50) ,NDVEC(50) , JBD(50J ,0ISPi50l 
COMMON /ASOLV/ISTART(300) ,N(300) , I0UM(300) 
COMMON /BSOLV/C( 3 0 0 , 1 1 , V( 2000» 
DOUBLE PRECISION TEMP 
JBOUN=NBM*l 
NBP=JBOUN 
ID=l 
IFCNBM.EQ.O) GO TO 150 
DO 100 1=1,NBM 

lOO ID=IO^N(I) 
ISO CONTINUE 

.•fiO 10. Z = NBP,LL 
I F ( Jt'OUN.GT.NBX) JBOUN^NBX 

C. . ; -
TEHP=V(I0) 
NEB=ID+NCIl-l 
I01=ID+1 
IF ( I .EQ. JBD{JBOUN)l GO TO 16 

C 
C NORMALISE ROW I 
C 

KK«0 
V { 1 0 » » 1 . 0 
1F( lOl.GT.NEB) GO TO 29 
DO 20 J«ID1,NED 
KK«KK+1 
VTEMP(KK)«V(J) 

20 V ( J ) = V { J ) / T E M P 
29 CONTINUE 

DO 25 L»1,NLL 
C ( I , l ) » C n , L ) / T E M P 

25 CONTINUE 
GO TO 46 

16 CONTINUE 
IFf101.GT.NEB» GO TO 39 
KK«0 
DO 120 J « I 0 1 , N E B 



187 
KK«KK4-1 
VTEMPIKK)=»V( J) 

120 V(J)=0.0 
39 CONTINUE 

00 125 L»L,NLL 
125 C(I,L)=D1SP(J80UN) 

JB0UN = JB0UN<1 
C 
c ELIMINATION 
c 

46 CONTINUE 
IDJ=IO 
IFILDL.GT.NEB) GO TO 35 
KK«0 
DO 30 J=ICI,NEB 
JI»J-ID1+I 
IDJ=IDJ+N(JIJ 
KK«=KK+1 
IF{VTEHP(KK)) 50,30,50 

50 CONTINUE 
IFIJBOUN.EQ.IJ GO TO 240 
JBML«JBOUN-L 
IF( I.EQ.JBOI JBMD) GO TO 140 

240 IDP=J 
DO 40 K=IDP, NEB 
KJ=IDJ+K-J 

40 V(KJ)=V(KJ)-V{K)«VTEMP{KK4 
140 CONTINUE 

NJ=H-J-ID 
DO 32 L=I,NLL 
C(NJ,L)=C(NJ,L)-C<I,L)«VTEMP{KK) 

32 CONTINUE 
30 CONTINUE 
35 CONTINUE 

ID=IDFN( I ) 
10 CONTINUE 

C 
C BACK SUBSTITUTION 
C 

ID=TD-L 
LLM1=LL-1 
LL1=LL-NBP 
DO 70 IB=1,LLI 
I»LLM1-IB+1 
ID=I0-N(N 
IS=I+1 
IN»I+N(I)-1 
DO 80 J=IS,IN 
NJ=»I0<J-I 
DO 75 L«1,NLL 
C(I ,L)=C{ I,L)-C(J,L)«V(NJ) 

75 CONTINUE 
60 CONTINUE 
70 CONTINUE 

RETURN 
END 
SUBROUTINE BMDFIX( HW, HO,NNDDE ,NBD,NDVI,NDRO,NBW,RW,NSCREN) 

C 
C LOCATES NODES WHERE HEAD VALUES ARE PRESCRIBED, 
C 

COMMON /AD1SC/X1300,2),N0D(500,3J,NREP(500) 
COMMON /BDISC/RVEC{ 50 ),NOVFC{50),JBD(50),01SP( 50) 
COMMON /WSCREN/XSCR{5),HSCR(5) 
K»0 
NFND«L 
DO 30 I=L,NSCREN 
XST=XSCR{ N-O.OI 
XEND^XST+HSCRII)+0.02 
DO 40 J«1,NN0DE 
L=NFND«^J-L 
IFIL.EO.L ) GO TO 222 
IF(X(L,1).GT.RH) GO TO 30 

222 CONTINUE 
IF((X(L,2I.LT,XST).0R.(X(L,2) .GT.XENDJ) GO TO 70 

22 K^K+L 
JB0{K)«L 
DISP(KI=HW 
GO TO 40 

70 IF(X(L,2I.GT.XEND) GO TO 30 
40 CONTINUE 

NFND«L+L 
30 CONTINUE 

J»K 
NBW=J 
NST«NNOOE-NDRO+L 
DO 25 I'«'NST,NNOOE 
J«J+1 
J8D(JI«I 
OISP(JI«=HO 

25 CONTINUE 



188. 
NBD-J 
RETURN 
END 

^ SUBROUTINE VCHEC3( M, AK, DK, J1. J2, J 3, NT. PMK. VCR, GRRX, GRRY ) 

C COMPUTES ELEMENT VELOCITIES FOR TRIANGULAR ELEMENTS AND CHECK IF 
C A PARTICULAR ELEMENT BELONGS TO OARCY OR NCN-DARCY F^OW ZONE' 

COMMON /BELEM/B( 150,3J ,C( 150,3),ARFAdSO) 
COMKOS /VCOH/ORX(500 ) ,VFL( 500 ),Ht 500),IDARCY( 500) 

HY«C(NT,l)«H(Jl)^C(NT,2)*H(J2)^C{NT,3)«H(J3) 
HS= ABS( SQRT{HX**2+HYA*2)) 
GRRX»=HX/HS 
GRRY»=HY/HS 
1F(IDARCY(M),EQ.0J GO TO 20 
TEMP=0.5*AK4-SQRT(0. 25*AK*«2fBK*HS) 
VEL(M) = HS/TEMP 
IF(ABS(VEL(M)).LE.VCR) IDARCY(M)=0 
GO TO 30 

20 CONTINUE 
VEL(H)=PMK*HS 
IF(ABS(VEL{M}).GT.VCR) IDARCY(M)=l 

30 CONTINUE 
RETURN 
END 
SUBROUTINE SETARG{AGP,BGP,PMGP,VGP,AKK,BKK,PKK,VCR, 1) 

U 
C IDENTIFIES THE ELEMENT PROPERTIES, 
C 

COMMONJ /CS0LV/VD{2000),HINT( 300,1),IPROP(500) ,D(3,3i 
IF(IPROP(I).EQ.O) GO TO 20 
GO TO 10 

20 CONTINUE 
AKK=AGP 
BKK=BGP 
PKKxPMGP 
VCR=VGP 

10 CONTINUE 
RETURN 
END 
SUBROUTINE VDFB(LVEC) 

C 
C GENERATES VECTOR VDTOP. 
C 

DIMENSION 0(2,2) 
COMMON /BDISC/RVEC(50),NDVEC(50),JBD{50),DISP{50J 
COMMON /ADPARA/TLESS(300),HLESS(300),GK(300,1),VDTOPi2001 
COMMON /ADISC/X(300,2) ,NODi 500,3) ,NREPC 500) 
COMMON /ASOLV/ISTART{300),NBAND{300),ID(300J 
NELT0P=LVEC-1 
NN=2 
i D ( n = i 
DO 10 I=2,LVEC 

10 ID(I)=IO(I-l)+2 
LENT=2*LVEC-1 
DO 108 1=1,LENT 
VDTDP{I)=0,0 

108 CONTINUE 
DO 208 IE=1,NELT0P 
IN=NDVEC(IE) 
IP=NDVEC( IEi-1) 
RAVE^0.5«(X( IP, l)+X(IN, D ) 
RDIF=X( 1P,1)-X( IN, 1) 
D(l,l)=RAVE»RDIF/3.0 
0C2,2)=D( 1, 1 ) 
D(1,2)=D(1,1)»0.5 
D(2,1)=D( 1,2) 
DO 308 1= 1, 2 
IK«IE+(I-1) 
DO 408 J=l,2 
JK-IE^(J-l) 
I F d K . G T . J K ) GO TO 408 
IPOS«ID(IK)•JK-IK 
VDTOPiIPOS) = VDTOP{IPOS)+D{I,J I 

408 CONTINUE 
308 CONTINUE 
2 0 8 t 0 N T I N U E 

RETURN 
END 
SUBROUTINE GVMOO(LACT,SY,IGM 

C MODIFIES GROSS VECTOR VK AND GK TO TAKE ACCOUNT OF LEAKAGE FLUX ACROSS TOP 
C BOUNDARY. 

COMMON /AS0LV/ISTART(300),NBA NO 1300), ID (300 ) 
COMMON / 6 S 0 L V / C K { 3 0 0 , 1) , VK ( 2000 ) 
COMMON /CSnLV/VO (2000),HINT (300,l),IPROP(500),0(3,3l 
COMMON /BDISC/RVECi 50),Nr)VFC( 50), J RO {50) , DI SP ( 50) 
COMMON /ADPARA/TLCSS(300),HLESS(300l,GK(300,i;,VDT0P{20Qi 
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DO 1078 L « 1,1.ACT 
I P I = ( L - I ) * 2 ^ l 
I P 2 = I P l f l 
I P H - I P 1 . - 1 
V F 1 = V 0 T 0 ^ { I P 1 ) « S Y 
V F 2 = 0 . 0 
VFM=0.0 
I F ( L . G T . I ) VFM = VDTC)P{IPM)»SY 
I F ( L . L T . L A C T J VF 2=VDT0P ( I P2) • SY 
I = N O V E C ( L ) 
J 1 « I 
J 2 « J 1 
J K = J 1 
I F ( L . L T . L A C T ) J2=NDVEC(L+1) 
I F ( L . G T . l ) JM=ND\/EC{L-1) 
SUM=VF1*HINT(Jl,1)+VF2»HINT(J2,1J+VFM*HINT(JM,1) 
I F ( I G K . G T . O ) G K { J l , l ) = G K ( J l , l ) + S U M 
I F ( I G K . G T . O ) GO TO 1078 
I S = I D ( I ) 
V K ( I S ) = V K { I S ) + V F 1 
IL»^ISfNBAND( I ) - l 
V K ( I L ) = V K ( I L ) + V F 2 

1078 CONTINUE 
RETURN 
END 
SUBROUTINE GKMOD ( L A C T , SYJ 

C 
C M O D I F I E S 6K TO TAKE ACCOUNT OF LEAKAGE FLUX ACROSS TOP BOUNDARY, 
t 

COHMGN / A D P A R A / T L C S S ( 3 0 0 > , H L E S S ( 3 0 0 ) t G K { 3 0 0 , 1 ) , VDTOP(200) 
COMMON' /BOISC/RVEC( 50) , N 0 V E C ( 5 0 ) , J B 0 ( 5 0 } , D I S P ( 5 0 ) 
COMMON / A L E A K / 0 L E A K ( 5 0 ) , H C 0 L D ( 5 0 ) , H F ( 5 0 ) , F I N T ( 5 0 , U ,GP(401 
DO 1078 L = l , L A C T 
I P l = ( L - 1 ) +2+1 
I P 2 = I P l + l 
I P M = I P l - l 
V F 1 = V D T 0 P ( I P I ) # S Y 
V F 2 = 0 . 0 
VFH.= 0 , 0 
I F ( L . G T . n VFM=VDTOP{IPM)*SY 
I F ( L . L T . L A C T ) VF2=VOTOP(IP2i*SY 
I*=N0VEC(L) 
J l « - ! 
LM»:L 
LP = L 
I F t L . L T . L A C T ) LP=L«^1 
I F i L . G T . l ) LM=L-1 
SUM^VF1*QLEAK(L)+VF2«QLEAK(LP)+VFM»QLEAK(LHJ 
GK( J l , 1) = GK( J l , 1) + SUM 

1078 CONTINUE 
RETURN 
END 
SUBROUTINE R O E S T { D l F F U S , T M , L V E C , Q F I X , T M I S , R O , N E L E M , N N O O E , NELTO, 

I L S T , L S T E L , L V S T J 
C 
C ESTIMATES RADIUS OF INFLUENCE AT TIME TM. 
C 

COMMON / B D I S C / R V E C ( 5 0 ) , N D V E C ( 5 0 ) , J B D ( 5 0 ) , D I S P ( 5 0 ) 
COMMON' /VCOM/ORX (50 0 ) , V E L ( 5 0 0 ) , H ( 5 0 0 ) , I D A R C Y ( 5 0 0 ) 
F P I = 8 8 . / 7 . 
C O N S T = Q F I X / ( F P I « T M T S ) 
DO 10 I = L V S T , L V E C 
U = R V E C n ) • * 2 / ( 4 . FFUS*TM) 
WW=W(U) 
SDRAW=CONST*WW 
I F ( S D R A W . G T . O . O O l ) GO TO 10 
NNODE«=NDVEC( I ) 
R O = R V E C ( I i 
GO TO 20 

10 CONTINUE 
NNODr=NDVECi LVEC) 
RO:-RVEC(LVEC) 

20 CONTINUE 
LST=NNODE 
L V S T « I 
DD 3D I ' L S T E L , N E L T O 
I F t O R X d ) , L T . R O ) GO TO 30 
N E L E M = I - l 
GO TO 40 

30 CONTINUE 
NELEM'NFL TO 

40 CONTINUE 
L S T E L ' N E L E M 
RETURN 
END 
SUBROUTINE T I GEN(NT ICR,TFACTR,TMUL,DTMULtRW,PH,SS» I HBC,QH I X, TPAT ) 

C 
C GENERATES DISCRETE TIME V E C T O R , T I M E . 
C 
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COMMON / A T I M E / T I M £ ( 6 0 ) , S H ( 6 0 ) ,DSW{51 ,QCALC (5 ) 
swsT*=o.n 

CUN«22 , *RW ' i ' « ^ 2 / ( 7-«aF IX ) 

T I M E ( U = T F A C T R 

I F i T P A T . £ Q . 2 ) GO TO 15 

DO 10 I = 2 , N T I C R 

T I M E ( n = T l M E ( I-1 ) *THUL 

TMUL=THUI.+DTMUL 

1 0 CONTINUE 

GO TO 17 

15 CONTINUE 

DO 2 0 I = 2 t N T I C R , 2 

T IMEi I ) = T IME{ I - l ) 

T I K E ( I + U » 2 , * T I M E ( n 

2 0 CONTINUE 

DO 25 I = 2 , N T I C R 

T I H E { I ) = T 1 M E ( I ) + T I M E ( I - I J 

2 5 CONTINUE 

17 CONTINUE 

R R = R W + 1 . 9 9 

C O N S T « = R R * « 2 * S S / ( 4 . 0 * P M ) 

I F ( I W B C . N E . O ) C O N S T = 1000.*CU><«SWST 

DO 3 0 I = 1 , N T I C R 

T IME( I ) = T I M E l I ) « C O N S T 

3 0 CONTINUE 

RETURN 

END 

FUNCTION W(U» 

C 
C EVALUATES T H E I S WELL FUNCTION . 
C 

W C = - 0 . 5 7 7 2 - A L 0 G ( U ) 

W=WC 

TERM=1 

J = 1 

DO 10 1 = 1 , 3 0 

TERM=(TERM=i=U)/I 

I F ( J . E Q . O ) GO TO 2 0 

H = H + T E R M / I 

J = 0 

GO TO 3 0 

2 0 CONTINUE 

W=W-TERM/I 

J = 1 

3 0 CONTINUE 

E P S I « A B S ( W - H C ) 

I F t E P S I . L C . O . O l ) GO TO 40 

HC=W 

10 CONTINUE 

4 0 CONTINUE 

RETURN 

END 

SUBROUTINE VECMULINNODE ,LEN) 

C 

C PERFORMS MATRIX M U L T I P L I C A T I O N . 

C VKD = VK*D 

C 

COMMON / A S 0 L V / I S T A R T ( 3 0 0 ) , N B A N D { 3 0 0 ) , I D ( 3 0 0 ) 

COMMON / C S O L V / V K ( 2 0 0 0 ) , D ( 3 0 0 , I ) , I PR0P{500 ) , D U M ( 3 , 3 ) 

COMMON / A D P A R A / T L E S S ( 3 0 0 ) , H L E S S ( 3 0 0 ) , V K D ( 3 0 0 , I ) , V D T O P ( 2 0 0 ) 

L = 1 

DO 10 1 = 1 , N N O D E 

IS = I D ( I ) 

I L « l O i l ) + N B A N D ( I ) - l 

C 

V K D d . l ) » 0 . 0 

DO 2 0 J « I S , IL 

K » I + J - I S 

VKO( I , 1 ) =VKO ( I , l H - V K ( J ) * 0 ( K , L i 

2 0 CONTINUE 

C 

I F ( I . E O . l ) GO TO 4 0 

I I « 1-1 

1 S T « I S T A R T i l J 

C 

DO 3 0 J « 1 S T , I I 

K « I I -

I P « I D ( J ) *• K 

V K D ( I , l ) = V K P i I , l ) + V K ( I P ) « D ( J , L l 

3 0 CONTINUE 

4 0 CONTINUE 

1 0 CONTINUE 

RETURN 

END 

S U B R O U T I N E A Q O I S ( N L E N , Q A Q F R , Q R D I F , 0 E L T , T H , R C S N G , I Q , Q F I X , D W D ) 

C 

C COMPUTES TOTAL DISCHARGE INTO THE HELL. 

C 

COMMON / B D I S C / R V E C { 5 0 ) , N O V E C ( 5 0 ) , J B n ( 5 0 ) , P I S P I 5 0 1 

COMMON / A SOL V / I S T A R T ( 3 0 0 } , N R A N D ( 3 0 0 ) , 1 D ( 300 ) 
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COMMOM /VCOM/ORX(50 0),VrL(500),H(50O),I0ARCY(500i 

COMMON  /BQCAL/VS(600),QHO(/fO) 

COMMON /ATIMF./TIMr:(60),SW(60) ,0SW(5) ,QCALC(5J 

QSUM=0.0 

TWPI«A4./7, 

CALL  QMi.JLTiNLEN, QSUM) 

QSUM=ABSi TWPI«QSUM)/(0.5>0ELT) 

QAQFRaQSUM 

ACSNG=0.5*TWPI*RCSNG**2 

TRH ÂBSiACSNGfOWO â./DELT) 

QCALX=QAQFR+TRM*10.*«3 

QRDIFt:A8S(QFIX-QCALX) 

QCALC(IQ)=QCALX 

RETURN 

END ' 

SUBR3UTINE  QMULTiNBW,QSUM) 
C 

C  COMPUTES  NODAL FLUXES AT WELL  BOUNDARY. 
C 

COMMON  /ALEAK/QLEAK{50),HC0LD(50),HF(50),FrNT(50,l),GPi40) 
COMMON /ASOL V/1 START( 300),NBAND(300),ID( 300) 
COMMON /BCCAL/VKQ(600),QWB{40J 

COMMON /BDISC/RVEC(50),NDVFC( 50),JBD(50),0ISP(50) 
COMMON  /VCOM/ORX(500),VFLi500),H(500i,IOARCYi500} 
DO 10 L=l,NBW 
I=JBD(L) 
IS  = IDdl 

IL = ID(I )+NBAND(I)-l 
QWB(L)=0.0 
DO 20 J = IS,  IL 
K=I+J-IS 

QWB{L)=QWB{L)+VKQ(J}*H(K) 
20 CONTINUE 

IFlI.EQ.l)  GO TO 15 

n  = 1-1 

IST= ISTARTd) 

DO 30 J=  1ST,II 

K  II-

IP  =  ID(J)  K 

QWB(L)=QWBlL)fVKQ(IP)*H(J) 

30 CONTINUE 

15 CONTINUE • 

QWD(L J='QHB(L)-GP(L) 

QSUM=QSUM+QWB(LI 

10 CONTINUE 

RETURN 

END 

SUBROUTINE  FQFLUXlNBM,NNODEI 

C 

C  MODIFIES MATRIX CK BY ADDING THE FLUX TERMS AT HELL  BOUNDARY. 

C 
COMMON /BSOLV/CK(300,IJ tVK{2000) 

COMMON /ASOLV/ISTART1300) ,NBANO(300) ,IDOOOl 

C 

C  MODIFY MATRIX  CK BY ADDING THE FLUX AT THE HELL  BOUNDARY 

C 

IF(NBH.EQ-O)  GO TO 20 

NBP=NBM+1 

DO 10  I=NBP,NNODE 

IST=ISTART(I) 

IFiIST.GT.NBM)  GO TO 10 

11=1-1 

DO 30  I ST, NBM 

K=n-j+i 

1P»ID{J)+K 

CK(I,1)=CK(I,1)-VK(IP)»CK(J,l) 

30 CONTINUE 

10 CONTINUE 

20 CONTINUE . 

RETURN 

END 
SUBROUTINE SWMOD (IQ,IT,RCSNG,DLTA,QFIX,QAQFR, SWOLD.DSOLD,TPAT,FQJ 

C 
C  ADJUSTS THE VALUE OF HELL  DRAWDOWN. 

C 

COMMON /ATIME/TIHE|60),SHi60),DSW(5),QCALC(5) 

COMMON /ALFftK/QLEAK(50» ,HCOLOI 50),HF(50),FI NTC50,11 ,GP(40 J 

0ELT=DLTA/10.*»3 

ACSNG«22.0*PCSNG»»2/7.0 

IFIIQ.NE.n  GO TO 15 

IF(ACSNG.GT.O.O)  GO TO  35 

IF(IT.GT.5)  GO TO 10 

OSH( IO)«-DSOLO 

03 TO 20 

35 CONTINUE 

IF(IT.&T.5)  GO TO 10 

QRATIO«QACFR/QriX 

IF(AOS(QRAT10J.GH.O.B)  GOTO  10 

TMM«TIMGI ITl-0.5' 0̂LTA 

FACTR»«0-5»DELT/A05NG 



192. 

QDEL«'QFIX-0AQFR*0.95*TIME( IT) /TMM 
IF{ABS(QP.ATI0).GE.0.5) CDF.L:»QFIX-QAQFR 
OSWi IQJ'̂FACTRAQDEL 
OSW( IQI=-DSVH iQ) 
GO TO 20 

10 CONTINUE 
TCLD=TIME(IT-2) 
ARGLl=iTIMF(IT)-0.5*DLTA)/TOL0 
ARGL2«TIME(IT-1)/T0LD 
TL0G=AL0G(ARGL1)/AL0G(ARGL2} 
DSW(IQ)=(SW{IT-1)-SW(IT-2))«(l.-TLOGI 
DSH(IO)=-OSW(IQ) 
IF(DSW{IQJ.GT.O.} 0SW(IQ)=0. 0 
GO TO 20 

15 CONTINUE 
IF(IQ.GT.2) GO TO 25 
IF(TPAT.EQ.2) GO TO 62 
DSWlIQ)=DSHt IQ-I)«QFIX/CCALCIIQ-1) 
IF{ACSNG.LE.O. ) DSW(IQ)=SW{IT »•QFIX/QCALC(IQ-1J-SWOLD 
GO TO 20 

62 CONTINUE 
IF(iACSNG.LE.O.).AND.(FQ.LT.O.)) GO TO ̂0 
DSW(IQ)=DSW{ l)=fQFIX/QCALC(l) 
GO TO 20 

40 CONTINUE 
SWCOR=SW(IT)-FQ*{QCALC(1)-QFIX)/QFIX 
DSK(IQ)=SWCOR-SHOLD 
GO TO 20 

25 CONTINUE 
DDSW=DSHnQ-I)-DSW{ 10-2) 
TERM1=QFIX-QCALClIQ-1) 
TERM2=QCALC(IQ-I)-QCALC(ia-2) 
DQR=TFRHI/TERM2 
OSW(IQ)=DSW{IQ-1)+00SW*DQR 

20 CONTINUE 
SW(1T)=DSW(IQ)+SW0LD 
DSOLD«-OSW(IQ) 
RETURN 
END 
SUBROUTINE RCUT(NNODE) 

C 
C PRINT S OUT NODAL VALUES. 
C 

COMMON /ADISC/X(300,2),NOD(500,3),NREP(500) 
COMMON /VCOM/ORX(50 0) , VEL(500 )t H(500),IDARCYi 500) 
COMMON /ADPARA/TLESSOOO) ,HLESS1300) , VKD( 300 , I ) , VOTOP (200 ) 
DATA NPRINT/3/ 
HRITE(NPRINT,53} 

53 FORMAT{///) 
HR1TE(NPRINT,3) 
HRITE{NPRINT,13) 
WRITFiNPRINT, 23) 
HRITE{NPRINT,13) 
WRITFiNPRINT,3) 

3 FORMAT(5X,50(«*')) 
13 F0RMAT(5X,'<",48X,«*') 
23 F0RMATi5X,«**,llX,»FINAL RESULTS OF ANALYSIS*t12X,») 
KRITE(NPRINT,33) 
DO 10 ÎltNNODE 
KRITECNPRINT,43)I,X{I,1),H(I),TLESS(I),HLESSII) 

10 CONTINUE 
33 FORMAT(///,20X,«HEAD .VS. RADIUS AND 1/U .VS. W(U)*,///, 
1 lOX,'NODE*,lOX,'R-COORD•,lOX « «HEAD*,14X, •1/U',19X, 
l'W(U}•,//) 

43 FORMATdOX.I 3,6X,Fl0.2i8X,Fl0.4,7X,EIl.4tl0X,F10.4) 
RETURN 
END 
SUBROUTINE HPUNCH(NNOOE,L,INDEX) 

C 
C PUNCHE S OUT NODAL VALUES AT FINAL TIME. 
C 

COMMON /WORKA/VWORK(500) 
COMMON /ALEAK/QLEAK {50),HCOLD(50),HF{50)tFINTi50, 1) ,GP( 40) 
COMMON /VCQM/ORXi500),VEL(500),H(500),IOARCY(500) 
DO 15 I«1,NN0DE 
IFdNDEX.EQ.l) VHGRKd )=H(I ) 
1F(IN0FX.EQ.2) VWORK(I)=QLEAK(I ) 

15 CONTINUE 
NCARD«NN0DF/6 
NCARDT=NCAR04-2 
HRITE(3,23)NCARDT 

23 F0RMAT(///,10K,'TOTAL NUMBER OF PUNCHED CARDS «•tUO l  
WRITEiL, 3)NN0f)E 

3 FORMAT(110) 
IST»1 
DO 10 J=l,NCARD 
IENO-IST+5 
WRITG(L,13)( VWGRKd ), I«1ST, lENDI 

13 FORMAT(6E13.4) 
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c 

10 CONTINUE 

NReM=NNnDE-NCARD<'6 
IENO=IST+NR5M-1 
WRITFiL,13)(VWORKil ),I = I ST,lENDJ 
RF-TURN 
END 
SUBROUTINE BSIHP(NNODE,TH,DIMDEX, SY,OELT, IT, ITHINI 

C  EVALUATES BOUL TON'S CON VOLUTIONAL  INTEGRAL DY SIMPSON'S 1/3  RULE, 

DIMENSION FN(3 J 

COMKOS  /ATIHE/TIME(60),SW(60),DSW{51,QCALC{5) 

COMMON /VCOM/ORX(50 0) , VEL(500 ),HDUH( 500),IDARCYi500) 

COMMON  /ALEAK/QLEAK(50),HC0LD(50J,H(50),HINT(50,l),GPi40} 

DOUBLE PRECISION  DEXP,ARGU,FN.QCUNT 
C 

WRITE(3, 3) 
3 FDRMAT(///,20X,«LEAKAGE  NODAL FLUX«,///,lOX,'NODE  NO.*, 
1 20X,'FLUX  VALUE',//) 

ITH=IT-1 
IFiITK.EQ.O)  GO TO  5 
TK=TIKE(ITM) 

TOLD=(TIKE(IT)+TIME{ITM))*0.5 
GO TO  15 

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

15  TMM={TIME(IT)+TIMEiIT*1)}*0.5 
C 

DO 20  11 = 1,3 
TC=TM<-PELT*{ n-l)>«'0.5 
ARGU=-{TMM-TC)*DINDEX 
FN{II)=DEXP(ARGU) 

20  CONTINUE 

ARGU=-DINDEX*(TMM-TOLD) 
DO 30  I=1,NN0DE 
IFdT.GT. ITMIN)  GO TO 40 
Tl«2.'i=FN( n«(HINT(i , 1)-HCOLDi I) ) 
T2»4.*FN( 2)*(H( I l-MCOLDd ) ) 
T3=:̂.*FN(3)«(H(I)-HINT(I,1) ) 
DQ  «TI+T2+T3 
GO TO  50 

40 CONTINUE 

DO  =(H( n-HINT(I, 1) )*(FN(1)M.<'FN{2)+FN(3)1 
50 CONTINUE 

DQ=-DQ 

QCUNT=QLEAK{I)*DEXP{ARGU) 
OLEAK( I ) = QCUNT+DQ 
IFtDINDEX.LE.O.)  QLEAKtI)=DQ 
«RITE(3,13)I,QLEAK(I) 

13  FORHAT(10X,I5,20X,E13.3) 
30 CONTINUE 

RETURN 
END 

SUBROUTINE  FQSET(IT,ITCUR,DELT,FQ,TPAT) 

C 
C  SETS DRAWDOWN FUNCTION FOR DISCHARGE  ITERATION. 

C 

COMMON /ATIME/TIME(60),SW{60),DSW(5),QCALC ( 5) 

IF(TPAT.EQ.l)  GO TO 20 

IF(IT.GE.3J  GO TO 10 

IF((IT.EQ.l) .AND.dTCUR.GT.IT))  FQ=SW{ITi 

GO TO 20 

10 CONTINUE 

no 15  I»1,IT 
HDLTA=0.499*0ELT 
IF(HDLTA.GT.TIMECI) ) GO TO 15 
FQ=SW(I) 
GO TO 20 

15 CONTINUE 
20  CONTINUE 

RETURN 
END 
SUBROUTINE  HREAD(NNOOE,L,INDEX> 

C 

C  READS IN NODAL VALUES AT STARTING  TIME. 

C 
COMMON /VCOM/ORX(500),VEL(500),Hi 500),IDARCYl 5001 
COMMON /WORKA/VWORK15QO) ti  rofAni 

COMMON  /ALEAK/QLEAK(50J,HC0L0(50),HF(50J,fINT(50.U,GP140i 
READ(L,3)NNn0E 

3  FORMAT(I10) 

NCAR0=NN0DE/6 

NCARDT»NCARD*l 

IST«1 

no 10 J'l,NCARO 

IEND=IST<-5 
RF.A0{L, 13)(VW0RK{ n,I-IST,IEND» 

13 FORMAT (6E13-4I 

IST-IEND+l 
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c 

10  CONTINUE 

NREM«NNC)DE-NCARD*6 

IEND=-- IST4-NRFM-1 

READd. ,13 ¡(VWORK(I),I=IST, 

DO  15  I'=l,NNGDE 

IF(INDEX.EQ. 1)  H(I)=VWORK(I) 

IFdNOEX.EQ.?)  QLEAKdJ-V WORKd) 

15  CONTINUE 

RETURN 

END 

FUNCTION  HPW(U,RM,SCLEN,TH) 

C  COMPUTES  HA' T̂USH  WELL  FUNCTION  FOR  PARTIALLY  PENETRATING  WELLS. 
C 

DOUBLE  PRECISION  U, HWF, DSUM, SUM 

DIF=TH-SCLEN 

PI»=22./7. 

PISC=PI**2 

FACTR = 2.*TH*TH/( PISQ+SCLEN**?.) 

SUM=0.0 

DO  30  1=1,50 

APSI«3.I't*I*RM 

ARGU=I»3.14*DIF/TH 

TFRH=SIN(ARGU)**2/I**2 

DSUM=TERM=CHWF(U, APSI) 

SUM=SUM+DSUM 

IF((I.GT.15).AND.{SUH.LT.1.D-10)I  GO  TO  AO 

IF(SUM.LT.l.0-20)  GO  TO  30 

SR*DSUH/SUM 

STOL=ABS(SR) 

IF(STOL.LT.0.0001}  GO TO  40 

30  CONTINUE 

AO  CONTINUE 

UX^U 

SUM=SUM«FACTR-»-H(UX) 

HPW=SUM 

RETURN 

END 

FUNCTION  HJW{U,RB,Y) 

C 

C  EVALUATES  INTEGRAND  EXPRESSION  OF  HANTUSH  WELL  FUNCTION.. 

C 

DOUBLE  PRECISION  U,F,DEXP,HJW,TERM 

TERM=-Y-RB'!<*2/(4-*Y) 

F=DEXP(TERM)/Y 

HJW=F  ̂  ̂ ' 

RETURN 

END 

FUNCTION  HWF(U,'APSI) 

C 

C  EVALUATES  HANTUSH FUNCTION  BY  SIHSON«S  3-POINT  FORMULA. 

C 
DOUBLE  PRECISION  HOW,U,HWF,DSUM,SUM,DW1,DW2,DW3,DABS,DY.HJW 

TMUL«=1.4 

YI = U 

SUH=0.0 

DO 30  1 1̂ 5̂0 

Y3=Y1«TMUL 

Y2=(Yl+Y3)/2. 

DY=Y3-Y1 

DW1=HJHIU,APSI,Y1) 

DW2=HJW(U,APSI,Y2J 

DW3=HJW{U,APSI,Y3) 

DSUM=DY«t DWI+4.*DW2«-0W3)/6. 

SUM=SUM+DSUM 

IFni.GT.lSKANO.fSUM.LT. I.D-lOl)  GO  TO AO 

IF(SUK.LT.1.0-20)  GO TO  30 

SR«=DSUM/SUM 

STOL=ABS(SR» 

IF(STOL.LT.O-OOOl)  GO TO AO 

30  CONTINUE 

AO  CONTINUE 

HWF=SUM 

RETURN 

SUBROUTINE DSWINT (DS0L0,BK,QFIX,TMIS,TH,RH.SCLEN,0IFFUS,CUNSTI 

C  ESTIMATES  WELL  DRAWDOWN  FOR FIRST  TIME  STEP. 

C 

COMMON  /ATIHE/TIMR{60),SW(60).OSW(60),QCALC(5) 

DOUBLE  PRECISION  UW 

OLAMDA-BK*qF!X'!'TMIS/tTH«TH*RW) 

0LAMDA = 7. »OL AMDA/<.A. 

RM«RW/TH 

GAMMA'»SCL EN/TH«-0-0l 

CONS»A.0<'OIFFUS*0.5*'TIMEU) 

UW«C0NS/RW**2 

V"UW 
UH»1./UW 
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u»uw 
TFRM=0.25*DLAMDA»ÍAL0G(V)-3.0> 
HW=W(U) 
ÏFIGAMMA.LT.l.ï WH«HPW(UWrRM,SCLEN,TH) 
0S0LD=WW+1.5*DLAHDA4-TERM 
lF(U.GT.O-lE-On DSOLO'XW 
nSOLO«DSOLD«CUNST 
RPTURN 
END 
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4.5 LISTING OF STCOND 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c**« 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c*»» 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

INTEGRATED  WELL-AQUIFE R  SOLUTION  SYSTEM. 

DEVELOPE D  BY P.S.  HUYAKQRN. 

STCOND, PROGRAM  FOR  SOL VING ST EADY, TWO-D I MENSI ONAL,0ARCY  OR TWO-REGIHE  FLOW 

USING  RECTANGULAR  ELEMENTS  OR  A COMBINATION OF  RECTANGULAR  AND TRIANGULAR 

ELEMENTS . 

VERSION  DATED OCTOBER, 1973. 

FOR FURTHER  INFORMATION,CONTAC T 

P.S.  HUYAKORN  OR C.R.  DUDGEON 

HATER  RESEARCH  LABORATORY 

KING ST.»MANLY  VALE 

SYDNEY,N.S.W .  2093, AUSTRAL lA. 

LIST  OF  INPUT  VARIABLES 

ALL  READ  STATEME>iTS ARE LOCATED  IN  THE MAIN 

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

PROBLEM  VARIABLES 

NPROB 

IVEL 

I DI SCR 

ORELAX 

RW 

RO 

HO 

HTOL 

NLAYR 

I CP 

IKHAX 

1 AQTA 

THLd ) 

AKL(I ) 

BKL(I } 

VCRLCI I 

AGP 

BGP 

VGP 

THGP 

BTGP 

PA 

THA 

HW 

NUMBER  OF PROBLEMS  TO BE  SOLVED 

VELOCITY  PRINT-OUT  INDEX 

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

FEED  IN  IVEL=1 

DISCRETISATIO N  DATA PRINT-OUT  INDEX 

FEED  IN  IDISCR=0  IF  DISCRETISATIO N  PRINT-OUT  IS  NOT  REQUIRED 

OTHERWIS E FEED  IDISCR=l 

OVER-RELAXATIO N  FACTOR  FOR NON-LINEAR  HEAD  ITERATION 

SUGGESTED  VALUE LIES  BETWEEN 1.5  AND  1.85 

RADIUS  OF  WELL  SCREEN. 

EXTERNAL  RADIUS  3R RADIUS  OF  INFLUENCE 

HEIGHT  OR  DRAWDOWN) OF WATER  TABLE  AT  THE EXTERNAL  RADIUS 

HEAD  TOLERANCE  FOR NON-LINEAR  ITERATION  ON HEAD VALUES 

SUGGESTED  VALUE  IS 0.10  OR A FEW PERCENT  OF  HO-HW 

NUMBER OF LAYERS OF  WATER  BEARING  FORMATIONS 

FEED  IN NLAYR=I  WHEN DEALING  WITH AQUIFER-AQUITAR D  SYSTEM  WITH 

TOP  AQUITARD UNCONFINED(HANTUSH-JACO B  SYSTEM) 

GRAVEL  PACK  INDEX,IGP=1  FOR  GRAVEL  PACKED  WELL, 

I6P=0  FOR NOfN̂ GRAVEL PACKED  WELL 

LAYER  OF  MAXIMUM PERMEABILIT Y  OR MINIMUM VALUE  OF  AKLd) 

AQUITARD  INDEX.  FEED IN lAQTA  = 1 WHEN DEALING  WITH AN 

AQUIFER-AQUITAR D  SYSTEM  WITH OVERLYING AQUITARD  UNCONFINED 

OTHERWIS E  FEED  IN  lAvQTA = 0 

THICKNES S OF LAYER  NUMBER  I 

FORCHHEIME R  LINEAR  HYDRAULIC COEFFICIENT  OF AQUIFER  OR  AQUITARD 

LAYER  I 

FOR AQUITARD I,FEED  IN AKL(Il l̂./PML(1 )  WHERE PMLII)  IS  ITS 

HYDRAULI C  CONDUCTIVITY 

FORCHHEIME R  NON-LINEAR  COEFFICIENT  OF AQUIFER  LAYER  I 

FOR  AQUITARD  I,FEED  IN  BKL(II=0.0 

CRITICA L  VELOCITY  OF AQUIFER  LAYER  I 

FOR AQUITARD I,FEED  IN VCRL( 1) 0̂.0 

LINEAR  HYDRAULIC COEFFICIENT  OF GRAVEL PACK  MATERIAL 

NON-LINEA R  HYDRAULIC COEFFICIENT  OF GRAVEL  PACK  MATERIAL 

CRITICA L  FLOW VELOCITY  OF GRAVEL  PACK  MATERIAL 

THICKNES S  OF GRAVEL  PACK 

HEIGHT  OF THE  BASE  OF GRAVEL  PACK 

COEFFICIEN T  OF PERMEABILIT Y  OF OVERLYING  AQUITARD 

THICKNES S  OF QVEiLYiNG  AQUITARD 

HEIGHT  OF  WATER LEVEL  IN THE WELL  OR WELL  DRAWDOWN 

DISCRETISATIO N  PARAMETERS 

FRLEN  «  LENGTH OF FIRST  SURREGION 
SUGGESTED  VALUE  IS  FRLEN=RW 

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

SCFAC  «  SCALE  FACTOR  TO BE  USED  IN COMPUTING THE  LENGTHS  OF  REMAINING 

SUBREGIONS .  SUGGESTED  VALUE  IS  SCFAC«l-50 

XLMAX  »  MAXIMUM  BLOCK LENGTH,PRESCRIBE D  TO AVOID  ILL-CONDITIONE D 

ELEMENTS 

NDS'C  -  TOTAL  NUMBER OF NODES  ON WELL  SCREENCS) 

NDSC  IS  TO BF GREATER  THAN OR EQUAL  TO Z 

NSCREN  »  NUMBER  OF  SCRCCNED  INTERVALS 

IREGLd)-  NUMBER OF REPEATFD  REGULAR  BLOCKS  WITH THE  SAME  NUMBER  OF  NODES 

-1 ON THE LEFT  AND RIGHT  VERTICAL  LINES  ACROSS LAYER  I 

SUGGESTED  VALUE  IS  IREG«2 

NMINLili -  MINIMUM  NUMBER OF  NODES  ALONG A VERTICAL  LINE  ACROSS LAYER  I. 
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c 
c NFRLd) 
c 
c 
c XSCRd) 
C 
r 

HSCRÍI) 

c 
r __ 

LIST OF 

c 
C NNODE 
C NELEM 
c X 
c H 
c TLESS 
c HLCSS 
C QWB 
C QSUM 
c NOD 
c VEL 
c VCOMPl 
c VC0MP2 
C IDARCY 
C 
c 
c 
c 
c 
c 
c 
c 
0 
C 
c 
C 
c 
c 
c 
c 

TO MINIMISE  THC- TOTAL NUMBER OF NOOFS»SUGGEST NMIN-2 
NUMBER or- NODES ON PORTION OF WELL BOUNDARY PENETRATING ACUIFER 
OR AQUITARD LAYER I 

Z-COORDINATE OF BASE OF SCREEN I ABOVE DATUM 
LENGTH OF SCREENED INTERVAL I 

TOTAL NUMBER OF VJODES IN THE FIMITE ELEMENT NETWORK 
TOTAL NUMBER OF ELEMENTS IN THE NETWORK 
RADIAL AND VERTICAL NODAL COORDINATES 
NODAL HEAD OR DRAWDOWN VALUES 
NODAL VALUES OF DIMENS IONLESS RADIUS,l/U 
NODAL VALUES OF WELL FUNCTION FOR STEDY FLOW,W(U) 
NODAL FLUXES AT WELL BOUNDARY 
TOTAL WELL DISCHARGE 
NODE COMNECTIONS OF ELEMENTS IN THE FINITE ELEMENT NETWORK 
ABSOLUTE ELEMENT VELOCITIES 
RADIAL COMPONENT OF ELEMENT VELOCITY 
VERTICAL COMPONENT OF ELEMENT VELOCITY 
INDEX TO INDICATE IF A PARTICULAR ELEMENT BELONGS TO DARCY 
OR NON-DARCY ZONE,IDARCY=0 FOR ELEMENTS IN THE DARCY ZONE, 
IDARCY=1 FOR ELEMENTS IN THE NON-DARCY ZONE 

COMWON /WSCREN/XSCR(51,HSCR(5J 
COMMON /ALAYR/AKL(3),BKL(3),VCRL(3},SSL13),THLÍ3),IREGLÍ3), 
1NMINL(3),NFRL(3),PML(3) 
COMMON /ADISC/X(300,2),NOD(20 0,6),NREP(200),I TYPE(2 00) 
COMMON /BDI SC/RVEC{ 501 ,NOVEC( 50), J&D(50) rDISPÍÍiO) 
COMMON /AELEM/BA{15 0),SLX(150,6),SLY(150,6),SELK(6,6) »EKÍ6,6) 
COMMON /BELEM/E{6,6,3),F(6,6,3),DSHFZ(2»6) 
COMMON /CELEM/ELK(3,3,150),8{ 150,3),C(150,3),AREA(150) 
COMMON /AS0LV/ISTART(300),NBAND(300),IDi300) 
COMMON /BSOLV/CK(300,I),VK(20001 
COMMON /C50LV/VD(2000),H1NT{300t1),IPROP(200) 
COMMON /VC0M/0RX(200),VEL(200)tH(300),IDARCY{200),D{6,6) 
COMMON /ALEAK/GLEAK(50),HCOLD(50),HF(50),FINT{50,1),GP(40) 
COMMON /BQCAL/VS{Ó00),QWB{40) 
COMMON /ADPARA/TL£SS{300),HLESS(300),GK{300,1),VDTOP(200Í 
DOUBLE PRECISION DEXP,ARGU 
DATA NREA0,NPRINT/1,3/ 

;  PRINT INITIAL HEADINGS 

WRITEÍNPRINT,17731 
1773 FORMATCl') 

WRITEINPRINT,1003) 
WRITEÍNPRINT,1013Í 
WRITEÍNPRINT, 1023) 
WRITEÍNPRINT,1013) 
WRITEÍNPRINT,1033) 
WRITEÍNPRINT, 1013) 

1003 FORMAT 

1023 FORMAT Í5x', 51H Í FINITE ELEMENT ANALYSIS OF WELL PROBLEMS  *) 
1033 FORMAT16X,'*  STEADY,TWO REGIME FLOW TOWARD A SINGLE WELL ••) 

REA0(NREAD,10I1)NPR0B,IVEL,IDISCR,0RELAX 

1011 F0RMAT13I 10, F10.2) 
00 4800 JPRO=l,NPRnB 
WRITEINPR INT,9003)J PRO 

9003 F0RMAT{///,20X,501«••),/,20X,'*',l3X,'PROBLEM NUMBER «' ,  
I 16 , 12X.'*S/f20X,50i ) J  

il 

; REA D AND PRINT GENERAL DATA. 

READ(NREAD,2001)RW, RO,HO,HTDL ,HLAYR 
2001 FORMATiAF10.2,IIO) 

READiNREAD, 1 IDIGP, IKMAX, lAQTA 

111 FORMAT(3110) 
IFilAQTA.GT.O) NLAYR=l 
WRITEiNPRINT,23)RW,PO,HO,ORELAX,HTOL 
WRITE(NPRINT,193)IGP,IAaTA, KMAX 

23 FORMAT(///,20X, «GENERAL INPUT DATA',//t 
I lOX, «RADIUS OF WELL  «•,Fl0.2,//i 

$1 

»1 
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2 lOX,»RADIUS OF IMFLUGNCE •, F 10. ? , / / , 
3 lOX, •HEIGHT OF WATFR TABLE =SF10.2,//, 
% lOX,»OVER-RELAXATIOM FACTOR =',F10.3,//, 
5 lOX, «PRFSCRIBED HiiAD TOl.cRANCF. «SF10.3) 

193 F0RKAT(//,10X,«GRAVEL PACK INDEX =' , I5 , // , 
I lOXt' AQUITARD INDEX =«,I5,//, 
3 lOX,'LAYCR OF MAX PERHHAQILITY »',15) 

c 
C READ MATERIAL DATA. 
C 

HRITE(NPRINT,60I3) 
6013 FORMAT(///,IOX,•FORMATION PROPERTIES',//, 

I lOX»'LAYER NO,5X,•THICKNLSS',5X,«COEFF.-A*, 
a 5X,'C0EFF.-B' ,5X,'CR1T. VELOCITY«,//I 
DO 17 I=1,NLAYR •NLAYR«* 
READ{NREAD,30131THL(I),AKL(n ,BKL(n,VCRL(I) J1 3013 FORMATî FlO.S) 
GCR = AKL( I )*VCRL( I)4-BKL(n*vCRL{I)**2 
PMLiI ) = l./A!vL( I) 
IF(GCR.GT.O. J PMLd )=VCRL(n/GCR 
WRITE(NPR INT,7013) I,THL(n,AKL(I),BKL(1),VCRL(1) 

7013 F0RMAT(10X,I5,9X,E9.2,3(5X,E9.2)) 
17 CONTINUE 

RGP=RW 
TH=THL{IKMAX) 
PH=PKL(IKHAX) 
BK=BKL(IKMAX) 
BKMAX=BK 
IF(IGP.EQ.O) GO TO 29 
REA0(NRFAD,331)AGP,BGP,VGP,THGP,BT6P $l,SK 

331 FORMAT(5F10.3) 
RGP=THGP+RW 
GRGP=AGP>î VGP+BGP<'VGP**2 
PMGP=1./AGP 
IF(GRGP.NE.O) PMGP=VGP/GRGP 
WRITE(NPRINT,153)AGP,BGP,VGP, PMGP 

153 FORMAT«///,2CXr «GRAVEL PACK PROPERTIES'/// 
1 lOX,«COEFFICIENT A =',F10.4// 
2 lOX,«COEFFICIENT B = ',F10.4// 
3 lOX,'CRITICAL VELOCITY = •,F10.A// 
4 lOX, »COEFFICIENT K = «»FIO.^) 
HRITE(NPRINT,163)RGP,BTGP 

163 FORMATdOX, «RADIUS OF GRAVEL PACK =',F10.2,//, 
1 lOX, «JiHIGHT OF GRAVEL PACK BASE =«,F10.2,//) 

29 CONTINUE 
C 
C READ AQUITARO DATA. 
C 

IFllAQTA.EQ.O) GO TO 39 
REA0iNREAD,71)PA,THA $lfSK 

71 FORMAT{2F10.3) 
BFAC=PA/THA 
WRITE(NPRINT,273)PA,THA 

273 FORMAT!///,20X,«AQUITARD PROPERTIES',///, 
1 lOX, «HYDRAUL IC CDNDUCTIVITY =',F10.5// 
2 lOX,«THICKNESS =«,F10.21 

39 CONTINUE 
READ(NREA0,2021)HW 

2021 F0RMAT(F10.2) 
C C READ AND PRINT DISCRETIZATI3M DATA. 
C c, READ{NREAD,90l)FRLEN,SCFAC,XLHAX »1 

901 FORMATi3F10.2) READ(NREA0,80nNDSC,NSCREN 
801 F0RMAT(2I10) 

IPENTR'O »NIAYR*« 
DO 602 I=1,NLAYR " »NLAYR** REAOl'iREAD, ig011IREGL(ntNHIML{I),NFRL( n »1 

1901 FORMAT (31 101 
602 CONTINUE 

C 
C READ WELL SCREEN DATA 
C 

553 FoiiAii'/^^iiif-SCREEN NO. •, 10 X,'BASE HE IGHT', l^X.' LENGTH',//» 
SCLEN=0.0 »NSCREN* 
DO 702 I=1,NSCREN . . 
READ(NREA0,601)XSCR{I),HSCR(I1 

601 FORKAT(2Fl0.2) 
SCLEN«SCLENfHSCR(I) 
WR1TE(NPRINT, 563)I, XSCR(n,HSCR(I> 

563 FORMAT(12X,16,13X,F11.2,OX,F10.2) ^̂  
702 CONTINUE 

C GENERATE AND PRINT DISCRETIZATION DATA. 
CALL GXNODR(FRLEN,SCFAC,XLMAX.RW,RO,NNODE.NELEM.LVEC.NLAYR.IPENTR, 

1 I 01 SCR) 
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C MODIFY I PROP. 
C 

DO 1544 I»=l,NELEM 
Jl»=NO()(I,n 
J2==N0Dl I, 2) 
XCEN=(X(Jl,l)+X(J2,I)»»G.S 
IF(XCEN.GT.RGP) GO TO 1545 YCEK U + X CJ2,2))*0-5 

S F C y c e m . Q T . I P R . O P C I ) = O 
1544- COHTVHUE 1545 CONTINUE 

C 
HKDRAW-HV/-HO 
H0DRAW=0.0 
NDH=NDVEC(I) 
NDRO=.NOv'LC{L VEC)-NDV6C(LV[:C-V) 
CALL BMDFIX(HW,HO,NNODE,NBO,NDW,NDRO,NBW,MSCREN,RW) 
WRITE(NPRINT,203) 

203 FORMAT!///,lOX,'PRESCRIBED \'OOE DATA',//, 
1 lOX,«WODE«,6X,«PRESCRIBED HEAD VALUE«,//) 
' DO 200 1» l,!slBD 
WRITE(NPRINT,213)JBD(n,DISP(I) 

213 F0RMAT(8X,I5,8X,F10,3) 
200 CONTINUE 

IF{lAQTA.EQ.O) GO TO 166 
CALL VDFB(LVEC) 
DO 176 I=1,NN0DE 
HINT(I,1)=0.0 

176 CONTINUE 
166 CONTINUE 

C 
C FIND BANDWIDTHS ETC, 
C 

CALL EBFINRtLEN,NELEMfNN,NN3DE) 
HRITE(NPRINT,233)LEN 

233 FORMAT (///, lOX, «LEVJGTH OF GR3SS VECTOR =»,I8) 
DO 130 1=1,LEN 
VD(11=0.0 

130 CONTINUE 
KNP=0 
NT=0 

DO 135 IE=1,NELEM 
NN=ITYPt:i IE) 
IF(IPROP(IF).NE.Ol L=IPR0PIIE) 
IFiNN.EQ.3) GO TO 235 
CALL ELGNDR(NT,SC,IE,DET,NNP) 
GO TO 335 

235 CONTINUE 
CALL ELGN03{NT,SC,IE) 

335 CONTINUE 
CALL HERBD{NN,IEI 

135 CONTINUE 
C 
C SET IDARCY 
C 

DO 99 I=l,NELEM 
1DARCY(I)=0 

99 CONTINUE 
C 
C SET UP LOOP FOR ITERATION OS HEAD 
C HRITEiNPRINT,1583) HW 

HELL D R — , Fe. Z. • . • , / . 
2 10X,40(*«')) 
NITER=10 
IF(BKKAX.LE.O.O) NITER« I 
NC0UNT=0 
EHAX=0.0 
DO 999 111=1,NITER 

C 
C INITIALISE VECTOR CK. 
C 

DO 305 I=«1,HN0DE 
CK(I,l)=0-0 

305 CONTINUE 
C 
C FORM VECTOR VK 
C 

DO 300 1« IfUEN 
VK(I)=0,G 

300 CONTINUE 
NT=0 
NDIFF«2 
CALL INrLUC(NN,NOIFFl 
DO 350 I=1,NELEM 
NN»ITYPE<I) 
IF( IPROPt n.EQ.O) GO TO 755 
L»IPR0P(Ii 
AKK=AKL(L) 
BKK-BKLCLI 
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PKK^PMLd. ) 
GO TO 365 

755 CONTINUE 
AKK=AGP 
BKK=BGP 
PKK=PMGP 

36 5 CONTINUc 
i r - ( N N . E Q . 3 ) GO TO ^ 6 5 
CALL L L G N C R i I , I I I f A K K , B K K , N T t P K K i 
GO TO 565 

^ 6 5 CONTINUE 
i n = N R E P { I i 
CALL EL G N C T d , 11 I , AKK, BKK,NT, VCOUNT, PKK) 

565 CONTINUE 
CALL K G R Í Í 3 Í N N , I ) 

350 CONTINUE 
C 
C ADD LEAKAGE TERM CONTRIBUTED BY OVERLYING AQUITARD 
0 

I F ( l A Q T A . E Q . O ) GO TO 86 
BFL=8FAC 
CALL GVMODÍLVEC, B F L , 0 ) 

86 CONTINUE 
NLEN=0 
JJ=JDD{NBW) 
DO 98 1 = 1 , J J 
NLEN=NLENi-NBANO( 1) 

90 CONTINUE 
DO 370 I = 1 , N L E N 

378 V S { I ) = V K i I ) 
C 
C SOLVE EQNS BY BANDED ELIMINATION SCHEME 
C 

N L L = 1 
CALL SYMSOL(NNODE,NLL) 

C 
I F ( I I I . E Q . l ) GO TO 900 
NCOUNT=0 
EHA1<=0.0 
00 ^ 5 0 I=1 ,NN0DE 
E P S I = C K ( I , 1 ) - H ( I ) 
I F ( A B S ( E P S I ) . G T . E M A X ) EMAX=ABS( EPS I ) 
I F ( A B S ( E P S I ) . L E . H T O L ) GO TO 460 
NC0UNT = NC0UNTi-l 
H ( I )==H{ I ) <-0RELAX*EPSI 
GO TO 450 

A60 CONTINUE 
H i n = C K ( I , l ) 

4 5 0 CONTINUE 
IF (NCOUNT.EQ.O) GO TO 1000 
GO TO 1999 

9 0 0 CONTINUE 
DO 950 I = 1,NN0DE 
H ( n = C K ( I , l ) 

950 CONTINUE 
1999 CONTINUE 

I F Í N I T E R . E Q . 1 ) GO TO 999 
DO 199 I = 1 , N E L E M 
N T « N R E P { n 
N N = I T Y P E ( I ) 
I F d P R O P i I ) . E Q . O ) L = l 
I F ( IPROP( D . N E . O ) L = I P R O P ( n 
A K = A K L ( L ) 
BK=BKL{L ) 
PHK=PHL(L) 
VCR=VCRL(L i 
CALL SETARG(AGP,BGP,PHGP,VGP,AK,BK,PHK, VCR, 1) 
I F Í N N . E Q . 3 ) GO TO 399 
CALL VCHECR(I .AK,BK,NT,PMK,VCR,GRRX,GRRY,NN) 
GO TO 499 

399 CONTINUE 
J l = N O D ( I , l ) 
J2<=N0D( 1 , 2 ) 

C A L L ° V C H E C 3 ( I , A K , B K . J l , J 2 . J 3 , N T , P M K , y C R , H R R X , H R R Y > 

4 9 9 CONTINUE 
199 CONTINUE 
9 9 9 CONTINUE 

1000 CONTINUE 
IF (NCOUfJT.NE-O) GO TO 5000 
W R I T E C N P R I N T , 4 I 3 ) I I I » E M A X , 11 / / 

. 4 1 3 F O R M A T ! / / , l O X . ' N O . OF ITERATIONS ' 
1 l o x , ' M A X I f i U M ERPOR IN HEAD » ' . F l O . a ) 

W R I T E ( N P R I N T , 4 3 3 ) 
433 F 0 R M A T C 0 ' , 2 0 X , « F I N A L SOLUTION«^, / / /» 

1 2 
DO 4 7 0 I » l , N N O n E 
R m « 0 . 5 * X ( I , l l / T H 
T Z I « X ( I , 2 1 / T H 
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953 
A70 

SOLFSSa(HO-H(ï n/(HO-HW) 
HRITniNPRINT,953)I,X(I, Ut X ( I , 2 ),H(I ),RHO,T71,SOLES S 
FORMAT(5X,I3,2(6X,F10.2),M8X.FIO. .̂)) ' 
CONTINUE 

EVÂLUATC VELOCITY AND GRADIENT USING FINAL HEADS 

799 CONTINUE 
VCOUNT=l 

COMPUTE AND PRINT ELEMENT VELOCITIES 

1203 

VCL* ,10X, • IDARCY* ,///) 

IF(IVEL.EQ.Ol  GO TO 7000 
WRITE(NPRINT,1203i 

FORMAT {///, 20X, • / 

i 20X,'* ELEMENT VELOCITIES . , 

310X,»ELEM NO.«, lOX, "RADIAL VE L MOX, • VE RTIC 
DO 3000 1=1, NELEM 
NT=NREP(I ) 
NN=ITYPE{ I) 
IFdPROPC n.EQ.O)  L = I 
IF(IPROP(I).NE.O)  L=IPR0P(I) 
AK=AKL(L) 
BK=BKL(L) 
PMK=PML(L) 
VCR=VCRLiL) 

CALL SETARG(AGP,8GP,PMGP,VGP, AK,BK,PMK, VCR, 1) 
IF(NN.EQ.3)  GO TO 2399 
CALL  VCHECRiI.AK,BK,NT,PMK,VCR,HRRX,HRRY,NN) 
GO TO 2499 

2399 CONTINUE 
Jl==NaD(I,I) 
J2=N0D(1,21 
J3=N00(I,3) 
CALL  VCHEC3{I,AK,BK,Jl,J2,J3,NT,PHK,VCR,HRRX,HRRY) 

2499 CONTINUE 

VCOMPI=-VEL( n*HRRX 
VC0MP2=-VEL(I)+HRRY 

WRITE(NPRINT,1103)I,VC0MP1,VC0MP2,IDARCYiIJ 
1103  FDRHAT(10X,I5,2(10X,F10.3),10X,15) 
3000 CONTINUE 
7000 CONTINUE 

CALL  QCALC(NBW,QSUH) 
BLEAK=RO 
IF(lAQTA.EQ.O) GO TO 4505 
BLEAK=PMK*TH*THA/PA 
BLEAK=SQRT(BLEAK) 

4505 CONTINUE 
J = 1 
AK«.AKL( IKMAX) 
BK=BKLi IKHAX ) 
PMK=PHL(IKMAX) 
TH=THL(IKMAX) 
CALL TCURV3(HO,BLEAK, NNOOE,QSUH,AK,BK,PMK, TH, J) 
CONTINUE 5000 

C 
C 
C 
C 
C 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C 
c 

IF so REQUIRED, USER MAY CALL HIS PLOTTING SUBROUTINES 

AT THIS LOCATION. 

C 

C 
C 
C 
C 
C 
C 

THE 
BY USING VARIABLES NOD,X, 

FOLLOWING PLOTS MAY BE DETAINED -
(U  DISCRETISATION P ATTE RN, OBT AI NE 0 

NEL£M,NNODE 
(21 CONTOURS OF HYDRAULIC HEADS,OBTAINED BY USING VARIABLES 

H,X,NN'nDE, NODfNELEM 
(3) DIHENSIONLESS TYPE CURVES.OBTAINED BY USING VARIABLES  HLESS, 

TLESS.NNODE 

(4) VELOCITY FIELD,OBTAINED BY USING VARIABLES  VEL,X,NOO,VCOMPl, 

VC0MP2 

(5)  LOCATION OF NON-DARCY FLOW ZONE »OBTAINED BY USING VARIABLES 

IOARCY,NELEM 

4800 CONTINUE 
STOP 
END 
SUBROUTINE GXNOOR(FRLEN,SCFAC,XLHAX,RW,RO,NNODE,NELEM,LVEC, NLAYR, 

IIPENTR, IDISCR) 

GENERATES DISCRETIZATION DATA. 

COMMON /CSnLV/VD(20CO),HINT(300,ntIPROP(200) 

COMMON  /ADISC/X(300,2),N0D(200,6),NREP(200),ITYPE{200I 
COMMON /BOISC/RVLC( 50) ,NDVt":( 50), XLEN( 100) 
COMMON  /ALAYR/AKL(3),BKLl3)rVCRLl3),SSL(3),THL(3),IREGLC3I, 
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INMINl. (3),NrRL(3),PML(3} 

DATA NPRINT/:5/ 
CALL^OCRGN3(RO,RW,SCFAC»FRLFN,NRR,XLMAXJ 
N R S1 
THT0«0. 
NSTFR=1, 
NDWB(U=0 
DO 10 I=l,NLAYR 
TMTO^THTOfTHLd) 
NFR=NFRL( I) 
NDWS(l)=NDWB(l)<-NFR 
IREG=IREGLtI) 
NHIN^NHINLf I ) 
CALL NCRGRI {NFR, lREG,NRR,NMINrNSTFR,NRST,IPENTRrn 

10 CONTINUE 
CALL NCRGR2{NRST,NRR,NLAYR,NSTFR) 
IF(IDISCR.EO.O) GO TO 94 
WRITE(NPRINT,33)NLAYR,NRR 

33 FORHATÍ«I'.ZOX,'DISCRETISATI3N DATA«,//, 
1 lOXt'NUMBER OF LAYERS =',15,//, 
2 lOX,«NUMBER OF SUBREGIONS =',I5J 

94 CONTINUE 
.C 
C DISCRETISE ENTIRE REGION INTO RECTANGULAR ELEMENTS. 
C 

KCREP=1 
NSTOR=l 
NTSEL'I 
DO 65 1=NRST,NRR 
DO 691 L==l,NLAYR 
N1=NH1{L, I) 
N2=NH2{L,I) 
NFNDJ. = N0B1(L,I) 
NFN02-N0B?.{L, 1) 
NPAT:=NTRAN(L,I) 
IF(NPAT.NE.O) GO TO 791 
CALL RBLOCKiKCREP,NI,NFND1,NFND2,NPAT,NTSELJ 
GO TO 691 

791 CONTINUE 
CALL BBL0CK(KCREP,N1,NFND1,«JFN02,NPAT,NTSEL} 

691 CONTINUE 
NELEH=NTSEL-1 
00 60 IE=NSTOR,NELEM 
IPROP(IE)=L 

68 CONTINUE 
NSTOR»NTSEL 

691 CONTINUE 
65 CONTINUE 

C 
C PRINT OUT ELEMENT DATA. 
C 

NELEM=NTSEL-1 
IF( IDISCR.EQ.Ol GO TO 104 
WRITE(NPRINT,83) 

83 F0RMAT(///,10X,* IDENTIFICATION OF ELEMENT-NODE CONNECTIONS',///» 
112X,'ELEM N0«,5X,'I TYPE ' ,5X,•NREP•,5X»'I PROP•,5X,•NODEl•,5X, 
2 ' N0DE2 SSXt'NODES', 5X,«N00E4' ,//) 
DO 80 I«l,NELEM 
NN=ITYPE{U 
WR1TE(NPRINT,93JI,ITYPE(I ),NREP(n,IPROP(I), ÍN0DÍI,K},K=1,NN) 

93 F0RMAT(I2X,9(I5,5X)) 
80 CONTINUE 

104 CONTINUE 
C 
C GNERATE NODE COORDINATES. 
C 

RI = RH 
NS"=l 
MM«=l 
DO 75 I=NRST,NRR 
DXG=XLEN{I) 
2I»0.0 
DO 87 L=1,NLAYR 
TH=THLÍL) 
NN«NHl(L,I) 
CALL COORDC(NS,MMtNN»OXGiTH,RI ,Zn 
ZI«TH 
NS=NS-1 
RI^RI-DXG 

87 CONTINUE 
RI=>RH-DXG 
NS«NS+l 

75 CONTINUE 
ZI=0.0 
DO 877 L^ltNLAYR 
TH»TML(L) 
NN*=NM2{LtNRR ) 
CALL COORDC(NS,MM,NN»DXGtTHiRIf Z n 
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ZI-TH 
NS«NS-l 
RI«R1-0XG 

877 CONTINUE 
C 
c 

NNOPE = NS -
IFilOISCR^EQcO) GO TO 114 
VmiTF. (MPRINT, 103) 

103 rORMATt'I',10X,«NGDAL CGORDINATES*,//»lOXNODE5X, 
l»R-COORD',5X,'Z-CQORO',//! 

C 
00 65 I=1,NN0DE 
WRITF (NPR INT, 1.13) 1,X( I, U,X(I ,2) 

113 FORMATi 10X,I 4,2FIL.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 FORMAT(///,10X,«TOP BOUNDARY NODES AND RADIAL COORDINATES',///t 

llOX,'NODE NUMBER«,20X»•R-COORDINATE«,//) 
DO 335 I=1,LVEC 
WRITE(NPRINT » 333 )NDVEC{I),RVEC(I) 

335 CONTINUE 
333 FORMAT(lOX,I 7,25X,F10.21 

RETURN 
END 
SUBROUTINE NCRGRl{NFR,I REG,NRR,NKIN,NSTFR,NRST•IPENTR,L» 

C 
C GENERATES DISCRETIZATION PARAMETERS:- NTRAN,NHl,NH2,NDBl,NDB2 
C 

COMMON /AELEM/NTRAN(4, 100 ), MH I ( 4,100 J, NH2{ 4, 100) , ND B1 i 4,1 00) , 
1N0B2(4,lOO),NDWBi22) 
NC=NFR 
NC0UNT=0 
DO 10 I=NRST,NRR 
IRGG=IREG 
IF((I.EQ.NRST).AND.(IPENTR.ME.O)) IRGG=0 
NC0UNT=NC0UNT+1 
IF(NCOUNT.LT.IRGG) GO TO 20 
NC0UNT=0 
NHALF = NC/2 
NREM=NC-2*NHALF 
IF(NREM.GT.O) GO TO 15 
NCl=NC-l 
IF(NCl.LT.NMIN) GO TO 20 
NTRAN(L,I)=2 
NC=NC1 
NH2(L,n=NC 
NHliL,I)=NC+l 
GO TO 10 

15 CONTINUE 
NC1=NHALF-H 
IFiNCl.LT.NMIN) GO TO 20 
NTRAN(L,I)=1 
NC=NCl 
NH2(L,n = NC 
NHl(L,n = 2*NH2(L,n-l 
GO TO 10 

20 CONTINUE 
NH2CL,I)=NC 
NTRAN(L,I)=0 
N H K L , 1 ) = NH2(L,n 

10 CONTINUE 
RETURN 
END 
SUBROUTINE NCRGR2(NRST,NRR,NLAYR, NSTFR) 

C 
C MODIFIES THE VALUES OF NDBl AMD NDB2. 
C 

COMMON /AELEM/NTRAN(4,100),NH1(4,1001,NH214,100),NDB1(4,100), 
INDB2(4, 100),NDWB(22) 
NDBC=NSTFR 
DO 50 J---NPST,NRR 
NDBll1,J)=NDBC 
IF(NLAYR.LT.2) GO TO 56 
DO 55 L=2,NLAYR 
NDOUL, J)=ND6I (L-1, J)^NHl(L-ltJ)-l 

55 CONTINUE 
56 CONTINUE 

L=NLAYR 
NDBC'NDBKL, J)+NHUL,J) 

50 CONTINUE 
NRl»NRR-l 
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c 

DO 60 J°NRST,NRl 
DO 65 L=l,NLAYR 
NDB2(L, J) =NnBUL, J + l) 

65 CONTINUE 
60 CONTINUe 

NDB2(1,NRRJ=NDDC 
DO 75 L=2,NLAYR 

NDB2{L,NRR) = N0B2{L'-l,NRR)+NH2(L-l,NRR)-l 

75 CONTINUE 
RETURN 
END SUBROUTINE DCRGN3(RO,RW,SCFAC,FRLEN,NRR,XLMAX) 

C  GENERATES DISCRETIZATION PARAMETERS:- NRR,XLEN 
C 

COMMON /BDISC/RVEC{50},NDVEC(50}rXLEN(100) 
HAXNR=89 
XLEN(IJ=FRLEN 
RLEN=RO-RW 
SUH=XLEN{I) 
DO 10 I='2,MAXNR 
XLEN( n=XLEN( I-1)*SCFAC 
IFiXLENiD.GT.XLMAX) XL EN 11) = XLHAX 
SUM = XLEN( I)<-SUM 
IFCSUM.GT.RLEN) GO TO 20 

10 CONTINUE 
20 CONTINUE 

XREH=RLEN+XLEN(n-Sm 
NRR = 1 
DEN0M.= 1.+-SCFAC4-SCFAC**2 
XLENC I-2) = (XREM+XLEN( I-l)+XLEN{ I-2)}/DEN0M 
XLENU-1)=XLEN(I-2)'̂ SCFAC 
XLEN(1)=XLEN(I-1)«SCFAC 
RETURN 
END 
SUBROUTINE R BLOCKi KCREP ,N1, ̂JFNDl, NFND2, NPAT, NTSEL ) 

c 
C  GENERATES ELEMENT CONNECTIVITIES IN BASIC RECTANGULAR BLOCKS. 
c 

DIM€NSION ND(1,6) 
COMMON  /ADISC/X{300,21,NOD(200,6),NREPi200),ITYPEi200) 
NDII,1)=NFND1 
ND( 1, 2) = NFN02 
ND( l,3)=NFN024-l 
ND{I,4)=NFN01+1 
IF(NPAT,EQ,1J GO TO 200 
NTEMP=̂Nl-2 
NST=NTSEL 
NLST=NST+NTEHP 
DO 40 J1=NST,NLST 
NREP( Jn = KCREP 
ITYPE{J1)=4 
DO 50 K=l,4 
NODi J1»K)=ND( 1,K )<•( Jl-NST) 

50 CONTINUE 
40 CONTINUE 

KCREP=KCREP4-1 
NTSEL=NLST+l 
GO TO 400 

200 CONTINUE 
ND( l,5) = ND(l ,4) 
ND{1,4)=ND(1,5)+1 
N2=Nl/2+l 
NTEMP=N2-2 
NST'NTSEL 
NLST=NST+NTEMP 
DO 260 J1=NST,NLST 
NREP(Jl)=KCREP 
ITYPEiJI»=5 
NI»Jl-NST 
NODiJitl)=NDil,l)+2*NI 
NOD( Jl,4)«NDa,4)+2*NI 
NOD( Jl, 51=ND( 1,5)<-2«NI 
N0D{Jl,2)=ND(l,2)îNI 
NOD(Jl,3)=ND(l,3)+NI 

260 CONTINUE 
KCREP=KCR£P+l 
NTSEL=NLST+1 

400 CONTINUE 
RETURN 
END 
SUBROUTINE COORDC<NS,MM,NN,OXG,TH,RI,ZII 

c 
C  GENERATES NODAL COORDINATES. 
C 

COMMON /ACISC/X(300, 2 ), NODi 200,6),NREPi 200),I TYPE(200) 
COMMON /AS0LV/XX(5,90)»XY(5t90) 
DY«TH/(NN-l) 
DO 20 L«1,NN 

20 XXCltLI-RI 
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DO 50 K«1,MM 
50 XY(K,1)=ZI 

00 60 J='2,NN 
JMl»J-l 
DO 70 K»1,HH 
XY(K,J)=XY(K,JHll+DY 

70 CONTiNUt: 
60 CONTINUE 

DO 80 J=1,MM 
DO 90 K=1,NN 
L=MN*(J-l)fK+NS-l 
X{L, 1) «̂XXIJ, K) 
X{L, 2)'=XY(JTK) 

90 CONTINUE 
80 CONTINUE 

NEN=NS + CMM«̂NN)-l 

RI=X(NEN, U+DXG 
RETURN 
END 
SUBROUTINE TOP V'CC {THr L VEC tNDTOJ 

C 
C  COMPUTES RADIAL COORDINATES FOR NODES ALONG THE TOP BOUNDARY. 
C 

COMMON /ADISC/X{ 300,2),NQD(20 0,6),NREP(200),I TYPE(200) 
COMMON /BDI SC/RVEC(50),NDVEC(50),XLENi100) 
J=0 
DO 10 I=1,NDT0 
ZDIF=--ABS( TH-X( It 2) J 
IFiZDIF.GT.O oOOl) GO TO 10 

NDVECiJ)=I 
RVEC{J)=X(I,1) 

10 CONTINUE 
LVEC«J 
RETURN 
END 
SUBROUTINE EBFINRiLEN,NH,NN,LLl 

C 
C  SUBROUTINE TO GENERATE THE BANDWIDTHS OF THE BANDED SYMMETRIC 
C  MATRIX. NBAND CONTAINS THE BANDWIDTHS, ID THE POSITION OF THE 
C  TERM ON THE DIAGONALS OF THE ORIGINAL MATRIX, LEN IS THE LENGTH 
C  THE VECTOR 
C 

DIMENSION LVi6) 
COMMON /ASOLV/ISTART(300),NBAND(300), ID ( 300) 
COMMON /ADI SC/X(300r2),MOD(200,6),NREP(200),ITYPE(200) 

c 
DO 20 I«1,LL 
NBAND(I )=1 
lSTARTiI) = I 

20 CONTINUE 
C 
C  SCAN THROUGH THE LOCATION VECTOR FOR EACH MEMBER TO FIND 
C  THE POSITION OF THE TERM FURTHEREST FROM THE DIAGONAL IN EACH ROW 
C 

DO 25 1=1,NM 
NN'ITYPEd) 
NF2=NN 
DO 30 J=1,NF2 
LViJ)=NOD(I, J) 

30 CONTINUE 
DO 45 J=l,NF2 
IFCLVtJ).EQ.O)GO TO 45 
DO 40 K=1,NF2 
IF(LV(J).GT.LVIK)) GO TO 40 
NW=LV(K)-LV(J)+l 
NR«LV(J) 
IF(NW.GT.NBAND(NR))  NBAND(NR)«NW 

40 CONTINUE 
45 CONTINUE 

C  SEARCH FOR THE FURTHEREST DFF-LEFT TERM 

C 
DO 55 J=l,NF2 
IF(LV(J).EQ.O) GO TO 55 
DO 65 K=1,NF2 
IF(LVIJ).LT.LV(K)J GO TO 65 
NWoLVtK) 
NR«LViJl 
IF(NW.LT. ISTART(NR) ) I START(NR)«NW 

65 CONTINUE 
55 CONTINUE 

. 25 CONTINUE 
C  SET UP ID VECTOR AND COMPUTE LENGTH OF STIFFNESS VECTOR  % 
C  ALSO CHECK THAT NBAND DOES S3T DECREASE BY MORE THAN 1 AT A TIKE 

C 
LEN«=NBANO{U 
DO 50 I«2tLL 
IF(NBANDiI)-NBAND{I-l).LT-0)  NBANDi 11«N8ANDCI-1 l-l 
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LEN«LEN̂ NBAND( I) 
50 CONTINUE 

IDÍl)=l 
DO 60 I«2»LL 

60 ID{ I I-n+NBAND(I-l) 
RETURN 
END 
SUBROUTINE ELGNCR(M , III,AK,BK,NT,PKK) 

GENERATES ELEMENT MATRI XrSELK,FOR RECTANGULAR ELEMENTS. 

COMMON /ADISC/X{ 300,2),MOD{200,6) ,NREP( 200 ), I TYPE t? 001 
COMMON /AELEM/BA{150),SLX(I50,6),SLY{ 150,6),SELK(6,6),EK(6,6) 
COMMON /VCÜM/ORX(20 0),VEL(2D0 ),H( 300 i , I DARC Y( 200) ,D(6,6) 
COMMON /5FLEM/E(6,6,3} ,F{6,6,3),ÜSHFZÍ2,6) 
NN=ITYPE{M) 
KK=NN-3 
IF(NREP{M).EQ.NT) GO TO 30 
NT=NREPÍM) 
DO 10 J=I,NN 
DO 20 K=1,NN 
IF(J.GT.K) GO TO 20 
EK( J,K J=BA{NTJ^E{ J,K,KK)«-F(J,K,KK)/BA(NT) 
EK( J,K)=EK( J,K)=»ORX(M] 

20 CONTINUE 
10 CONTINUE 
30 CONTINUE 

IF{ IDARCYÍM) .EQ,0) GO TO 70 
500 CONTINUE 

CALL CONSTR( M,AK,BK,ACONST,NTtNN) 
GO TO 80 

70 CONTINUE 
ACONST=PMK 

80 CONTINUE 
DO 40 J=1,NN 
DO 50 K=l,NN 
IFiJ.GT.K) GO TO 60 
SELKlJ,K)=EK(J,K)*ACONST 
GO TO 50 

60 SELK(J,K)=SELK(K,J) 
50 CONTINUE 
40 CONTINUE 

RETURN 
END 
SUBROUTINE INFLUCiNN,NDIFF) 

GENERATES FIRST SET OF INFLUENCE COEFFICIENTS. 

COMMON /BELEM/E(6,6,3),F16,6, 3),0SHFZ(2,6) 
DO 200 I=1,NDIFF 
NN=I-i-3 
J=I 
GO TO (10,30),J 

4-NODES ELEM 

10 CONTINUE 
DO 150 K=l,4 
E(K,K,J 

150 F(K,K,J 
Ed,2, J 
E{1,3,J 
E d , J 
E{2,3,J 
E(2,4,J 
E(3,4,J 
F«l,2,J 
F(1,3,J 
Fd ,4, J 
FÍ2,3,J 
F(2,4,J 
F(3,4,J 

30 

= l./3. 
=E(K,K,J) 
=-1./3. 
=-l./6. 
= 1./6. 

= 1./6, 
=-l./6. 
=-l./3. 
= l./6. 
=-l./6. 
= -U/3. 
=-L./3. 
=-l./6. 
=l./6. 

GO TO 500 

5 NODES LEFT INCLUDED 

CONTINUE 
Ed , I , J 
E( 1,2, J 
C(l,3,J 
Ed,4, J 
Ef1,5,J 
EC2,2,J 
E(2,3, J 
E(2,4,J 
EÍ2,5,J 
E<3,3. J 
E(3,4.J 
EÍ3,5,J 
EÍ4,4,J 

2-/15. 
-1./6. 

0.0 
-1./30. 
1./15. 
1./3. 
1./6. 
0.0 
-1./3. 
1./3. 
-1./6. 

-1./3. 
2./15. 
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E Í 4 , 5 , J ) = 1 . / 1 5 . 
E ( 5 , 5 , J > » 8 . / 1 5 , 
F ( l , l , J > = 7 . / 9 . 
F ( 1 , 2 , J ) = 1 . / 6 . 
F { 1 , 3 « J ) « - 1 . / 6 . 

1 . / 9 . 
F ( l , 5 t J ) = - 8 . / g . 
F { 2 , 2 , J ) = 1 . / 3 . 
F ( 2 , 3 , J ) « - 1 . / 3 . 
F ( 2 , A , J ) = - K / 6 . 
F ( 2 , 5 . J ) » 0 . 0 
F ( 3 , 3 , J ) = 1 . / 3 . 
F Í 3 , 4 , J ) = 1 . / 6 . 
F ( 3 , 5 , J ) = 0 . 0 
F ( 4 , 4 , J ) = 7 . / 9 . 
F ( < r , 5 » J J - 8 . / 9 . 
F ( 5 , 5 , J ) « 1 6 . / 9 . 

5 0 0 CONTINUE 
2 0 0 CONTINUE 

RETURN 
END 
SUBROUTINE I N F L U D ( N N ) 

c 
C GENERATES SECOND SET OF INFLUENCE COEFFICIENTS. 
V» 

DIMENSION Z E N ( 6 , 2 ) t 2 E ( I , 2 ) 
COMMON / B E L E M / E ( 6 , 6 , 3 ) , G ( 6 , 6 , 3 ) , D S H F Z ( 2 , 6 ) 
J P~ 1 
K=NN-3 
Z E N { l , l ) = - l . 
Z E N { 2 , I J = l . 
Z E N { 3 , I ) = I , 
Z E N { 4 , I > = - I . 
Z E N { 1 , 2 ) = - 1 . 
Z E N { 2 , 2 ) = - 1 . 
Z E N ( 3 , 2 ) = I . 
Z E N i ^ , 2 ) = I . 
Z E N { 5 t U = 0 . 
Z E N ( 5 , 2 ) = - - l . 
Z E ( I , 1 } = 0 . 
Z E { 1 , 2 ) = 0 . 
1 F ( K . E Q . 2 J GO TO 50 

C 
C 4 -NODE ELEMENT. 
C 

DO 2 I = 1 , N N 
T I = l - « ^ Z E N ( I , l ) « Z E ( J P , I ) 
T2= l .«^ZEN ( I , 2 ) * Z E i J P , 2 ) 
D S H F Z d f l ) = . 2 5 « T 2 * Z E N I I , n 
DSHFZi 2 , I ) = . 2 5 * T l * Z E N i I , 2 ) 
G i l . I , K ) = 4 . / 9 . 
I F ( I . L E . 3 ) G ( I , I + I t K ) = 2 . / 9 -
I F ( I . L E - 2 ) G { I , l + 2 , K ) = l . / 9 . 
I F { I . E Q . l ) G d f 4 , K } = 2 . / 9 . 

2 CONTINUE 
GO TO 1 0 0 

5 0 CONTINUE 
C 
c 
C 5-NOOE ELEMENT WITH MIDDLE viODE ON SIDE 1 - 4 
C 

Z l » ^ Z E ( J P , I ) 
Z 2 = Z E ( J P , 2 ) 
P l = 1 . 0 + Z l 
S l « 1 . 0 - Z l 
P 2 » 1 . 0 + ^ Z 2 
S 2 = l . 0 - Z 2 
D S H F Z ( l , l ) = 0 . 2 5 « Z 2 * S 2 
D S H F Z ( I f 4 ) = - 0 . 2 5 * Z 2 * P 2 
DSHFZÍ 2 , 1 ) = - 0 . 2 5 < ' S 1 « ( S 2 - Z 2 ) 
D S H F Z ( 2 , 4 ) = 0 . 2 5 * S l « ( P 2 + Z 2 ) 

C 
D S M F Z ( l . 2 ) = 0 . 2 5 * S 2 
DSHFZÍ l » 3 ) = 0 . 2 5 * P 2 
D S H F Z ( 2 , 2 ) = - 0 . 2 5 * P l 
0 S H F Z ( 2 , 3 ) — D S H F Z ( 2 , 2 I 

C 
D S H F Z ( 1 , 5 ) = - 0 . 5 * S 2 « P 2 
D S M F Z { 2 , 5 ) = - Z 2 * S l 

C 
G C l , l t K l = 0 . 1 7 7 7 7 7 
G l l f 2 , K ) = 0 . l l U l l 
G { I t 3 t K ) = 0 . 0 0 0 0 0 

G ( l i 5 , K ) « O . B 8 6 8 9 6 E - 0 1 

G ( 2 » 3 , K ) « 0 . 2 2 2 2 2 2 
G ( 2 » 4 , K ) = O . 3 7 2 5 2 9 E - 0 8 
G ( 2 , 5 , K ) = ' 0 . 2 2 2 2 2 2 
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G ( 3 , 4 , K ) = 0 . l l l l l l 
G ( 3 , 5 , K ) = 0 . 2 2 2 2 2 2 
G ( A , 4 , K > = 0 . 1 7 7 7 7 7 

K) = 0 . 8 U 8 0 0 6 E ~ 0 1 
G Í 5 , S , K ) = ^ 0 . 7 1 1 1 1 1 

100 CONT INUE 
RETURN 
END 
S U B R O U T I N E ELGNDRI N T , S C , M , D E T , N N P » 

C 
C GENERATES ELEMENT M A T R I X , D , F O R RECTANGULAR E LEMENTS . 
C 

D I M E N S I O N T J ( 2 , 2 ) 
COMMON / A D I S C / X ( 3 0 0 , 2 ) , N O O ( 2 0 0 , 6 J , N R E P ( 2 0 0 ) , I T Y P F ( 2 0 0 ) 
COMMON / A E L E M / B A ( 1 5 0 ) , S L X { 1 5 0 , 6 ) , S L Y ( 1 5 0 , 6 ) , S E L K { 6 , 6) , E K { 6 , 6} 
COMMON / B E L E M / E ( 6 , 6 , 3 ) ,G( 6 , 6 , 3 ) ,DSHF7 . { 2 , 6 ) 
COMMOr>! / V C O M / O R X ( 2 0 0 ) , V £ L { 2 0 0 ) ,M{ 3 0 0 J , I D A R C V ( 2 0 0 ) , D ( 6 , 6 | 
J l = N O O ( M , l ) 
J 2 = N 0 D i M , 2 J 
J 3 = N O D ( M , 3 ) 
J 4 = N 0 D ( H , 4 ) 
ORX (M ) = ( X { J l , n + X ( J 2 , 11 i + O^S 
I F ( N R E P ( M ) . E Q . N T ) GO TO 50 
N T = N R E P { M ) 
N N ^ I T Y P E Í M ) 
K = N N - 3 
B B = A B S ( X ( J 4 , 2 > - X ( J 1 , 2 ) ) 
A A = A B S ( X ( J 3 , 1 ) - X ( J 1 , 1 J ) 
B A ( N T ) = B B / A A , 
DET= A A * B B / 4 -
T J ( 1 , l ) = 2 . / A A 
T J ( 2 , 2 ) = 2 . / B 8 
I P Í N N P . E Q . N N I GO TO 15 
CALL I N F L U D Í N N ) 

15 CONT INUE . , -
NNP=NN 
DO 10 1=1 ,NN 
S L X { N T , I ) = T J ( 1 , 1 ) + D S H F ? . ( 1 , I ) 
S L y { N T , I ) = T J { 2 , 2 ) * ' D S H F Z ( 2 , n 

10 CONT INUE 
C , . 
C FORM ELEMENT H A T R I X : - D 
C 

DO 100 1=^1,NN 
DO 100 J» 1,NN ' 
I F ( J - I ) 105 , 110, 110 

110 D ( I , J ) = O R X ( M ) * S C * D £ T * G i I , J , K ) 
GO TO 100 

105 D ( I , J ) = D ( J , I ) 
100 CONTINUE 

50 CONT INUE 
RETURN 
END 
S U B R O U T I N E CONSTR(M,AK , BK, ACONST, NT,NN} 

C 
C COMPUTES ELEMENT V E L O C I T I E S FOR RECTANGULAR ELEMENTS AND CHECK I F A 
C P A R T I C U L A R ELEMENT BELONGS T3 DARCY OR NON-DARCY FLOW ZONE. 
C 

COMMON / V C 0 M / 0 R X ( 2 0 0 ) , V E L ( 2 3 0 ) , H ( 3 0 0 ) , I D A R C Y ( 2 0 0 J , D ( 6 , 6 1 
COMMON / A E L E M / B A ( 1 5 0 ) , S L X ( 1 5 0 , 6 ) , S L Y ( 1 5 0 , 6 ) , S F L K ( 6 , 6 ) , E K ( 6 , 6 > 
COMMON / A 0 I S C / X { 3 0 0 , 2 ) , N 0 D 1 2 0 0 , 6 ) , N R E P { 2 0 0 J , I T Y P E { 2 0 0 ) 
H X = 0 . 0 
H Y « 0 . 0 
0 0 10 J N = 1 , N N 
J = N O D ( M , J N ) 
H X = H X + S L X Í N T , J N ) * H i J ) 
H Y « : H Y + S L Y ( N T , J N ) * H ( J) 

10 CONT INUE 
HS«=ABS (SORT I HX*«2- i -HY*»2}) 

C 
C EVALUATES ELEMENT V E L O C I T Y . 
C 

TEMP=0 . 5<=AK i - SQRT (0 . 25»AK» * 2+BK *HS ) 
V E L ( M ) = HS/TEMP 
A C 0 N S T = 1 . / T E M P 
RETURN 
END 
S U B R O U T I N E V C H E C R Í M , A K , B K , N T , P M K , V C R , G R R X , G P R Y , NN I 

C 
C COMPUTES ELEMENT V E L O C I T I E S FOR RECTANGULAR ELEMENTS -
C 

COMMON / A E L E M / B A { 1 5 0 ) , S L X ( 1 5 0 , 6 ) , S L Y I I 5 0 , 6 ) , S E L K ( 6 , 6 ) , E K ( 6 , 6 ) 
COMMON / V C 0 M / a R X { 2 0 0 i ,VÍ:L( 2001 ,H{ 3 0 0 ) , I D A R C Y { 2 0 C ) , 0 ( 6 , 6 ) 
COMMON / A C I 5 C / X ( 3 0 0 , 2 J , N Q D ( 2 0 0 , 6 ) , N R E P { 2 0 0 ) , I T Y P E Í 2 0 0 ) 
H X = 0 . 0 
H Y = 0 . 0 
DO 10 J N 3 l , N N 
J = N O D ( M , J N ) 
H X = H X + S L X { N T , J N ) * H ( J ) 
H Y « H Y + S L Y { N T , J N ) * H ( J ) 



210. 

10 C O N T I N U G 
MS = A n S ( S Q R T ( Hy>'»'24-HY**2 ) ) 
G R R X « H X / H S 
GRRY- ' i lY/HS 
I F ( I O A R C Y ( M ) . E Q . O ) GO TO 20 
TEMP = 0 . 5 * A K + S Q R T ( 0 . 25*AK'i-*2+BK*HS ) 
V E L ( M ) = H S / T E M P 
I F { A B S ( V E L ( H ) i . L E . V C R f I D A R C Y ( M ) = 0 
GO T O 30 

20 C O N T I N U E 
V E L ( H ) = P M K * H S 
i r - ( ABS (VELCM ) ) . G T . V C R ) I 0 A R C Y { H ) = 1 

30 C O N T I N U E 
RETURN 
END 
S U B R O U T I N E B N D F I X ( I P E N T R , Z B , H W , H O , N N O D E , N B D , N O W , N D R O » N B H J 

0 
C L O C A T E S NODES WHERE HEAD VALUES ARE F I X E D . 
C 

COMMON / A D I S C / X ( 3 0 0 , 2 ) r N 0 D { 2 0 0 , 6 ) , N R E P ( 2 0 0 ) , I T Y P E ( 2 0 0 ) 
COMMON / B D I S C / R V E C { 5 0 I , N 0 V E C I 5 0 ) , J B O C 5 0 ) , D I S P i 5 0 ) 
Z T 0 L = - 0 . 0 1 
J = 0 
DO 10 1=1,NOW 
2 D I F = X ( I , 2 ) - Z . B 
I F ( I P E N T R . N E . 0 ) Z D I F = - Z D I F 
I F ( Z D I F . G T . Z T O L ) GO TO 10-
J»=J + I 
J B D I J ) = I 
D I S P { J J = H W 

10 C O N T I N U E 
NBW=J 
N S T ^ - N N O O E - N D R O + l 
DO 25 I = N S T , N N O D E . • 
J ^ J i ^ l 
J B D ( J ) = I 
D I S P { J ) = H O 

2 5 C O N T I N U E 
NBD=J 
RETURN 
END 
S U B R O U T I N E H E R B 3 ( N , M ) 

C 
C MERGES ELEMENT MATRIX S a K I N T O GROSS VECTOR V K . 
C 

COMMON / A E L E M / B A ( 1 5 0 ) , S L X ( 1 5 0 , 6 1 , S L Y ( 1 5 0 » 6 ) » S E L K i 6 , 6 ) » E K i 6 , 6 ) 
COMMON / A O I S C / X ( 3 0 0 , 2 ) , N O D ( 2 0 0 , 6 ) , N R E P ( 2 0 0 ) , I T Y P E ( 2 0 0 ) 
COMMON /ASOL V / I S T A R T { 3 0 0 ) , N ' 3 A N D i 3 0 0 ) , 1 0 ( 3 0 0 1 
COMMON / B S 0 L V / C K { 3 0 0 , I ) , V K 1 2 0 0 0 ) 
DO 10 1 = 1 , N 
I K = N 0 0 ( M , I ) 
I F ( I K . E Q . O ) GO TO 10 
DO 20 J = 1 , N 
J K = N O D ( M , J > 
I F ( I K . G T . J K ) GO TO 20 
I P D S = I D ( I K ) + J K - I K 
V K ( I P O S 1 = VK( IPOS ) + S E L K i I , J ) 

20 C O N T I N U E 
10 C O N T I N U E 

RETURN 
END 
S U B R O U T I N E M E R 8 D { N , M ) 

C 
C HERGES ELEMENT MATRIX D INTD GROSS VECTOR V D , 
C 

COMMON / A D I S C / X { 3 0 0 , 2 ) , m D ( 2 0 0 , 6 ) , NREP ( 200 J , I T Y PE ( 2 0 0 ) 
COMMON / A S 0 L V / I S T A R T ( 3 0 0 ) , f J 3 A N D ( 3 0 0 ) , I D ( 3 0 0 ) 
COMMON / C S 0 L V / V 0 I 2 0 0 0 ) , HI NT I 3 0 0 , 1 ) , I PROP ( 2 0 0 ) 
COMMON / V C O ' A / O R X i 2 0 O l , V E L ( 2 0 O ) , H { 3 0 O ) , I O A R C Y ( 2 O O I , D ( 6 , 6 ) 
00 10 I « 1 , N 
I K « N O D ( M , I ) 
I F ( I K . E Q . O ) GO TO 10 
DO 20 J = 1 , N 
JK=^NOO(H, J ) 
I F ( I K . G T . J K ) GO TO 20 
I P O S = I D ( I K ) < - J K - I K 
VD( I P O S ) = V O ( I P O S ) « ^ D ( I , J ) 

20 C O N T I N U E 
10 C O N T I N U E 

RETURN 
END 
S U B R O U T I N E S Y M S O L ( L L , N L L I 

C 
C AN IN CORE BAND S O L V E R . 
C USE I N C O N J U N C T I O N W I T H T O P O L O G I C A L SUBROUTINE FOR LARGE BANDWIDTH. 
C 

D I M E N S I O N V T E M P ( 9 0 ) 
COMMON / B n i S C / R V E C ( 5 0 » , N D V E C ( 5 0 ) , J 0 0 i 5 0 ) , D I S P ( 5 0 ) 
COMMON / A S O L V / I S T A R T { 3 0 0 l , N ( 3 0 0 ) , I D U M ( 3 0 0 ) 
COMMON /BSOL V/C I 3 0 0 , 1 » , V( 2 0 0 0 ) 
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DOUBLE PRECISION TEMP,VTEMP 
J B O U N » ! 
ID=l 
DO 10 1 = 1 , L L 
T E M P » V ( I O ) 
N E B ' I D + N l I ) - l 
I D 1 = I D + 1 
I P l I . E Q . J B D t J B O U N ) ) GO TO 16 

C 
C MORHALISE ROW I 
C 

KK=0 
V i I D ) = 1 . 0 
I F d D l . G T . N E B ) GO TO 29 
DO 20 J= I C I , NEB 
KK=KK< I 
V T E H P f K K ) = V ( J ) 

20 V ( J ) = V ( J ) / T E M P 
29 CONTINUE 

00 25 L = I , N L L 
C ( I , L ) = C ( I , L ) / T E M P 

25 CONTINUE 
GO TO 

16 CONTINUE 
I F { I D l . G T . N E B ) GO TO 39 
KK=0 
DO 120 J = I D 1 , N E B 
KK=KK+1 
V T E M P ( K K ) = V ( J ) 

120 V { J ) = 0 . 0 
39 CONTINUE 

DO 125 L = 1 , N L L 
125 C ( I , L ) = D I S P ( J B O U N } 

JB0UN=JB0UN<-1 
C 
C E L I M I N A T I O N 
C 

46 CONTINUE 
I D J = I D 
I F ( I D l . G T . N E B ) 60 TO 35 
KK=0 
DO 30 J = I C 1 , N E B 
J I = J - 1 D I + I 
I D J = I O J + N ( J I ) 
KK=KK4-1 
I F ( V T E H P { K K > J 5 0 , 3 0 , 5 0 

50 CONTINUE 
I F i J B O U N . E Q . l ) GO TO 240 
JBM1=JB0UN-1 
I F d . E Q . J B D l J B M D J GO TO 140 

240 1DP=J 
DO 40 K= I DP, NEB 
K J = I D J + K - J 

40 V i K J ) = V ( K J ) - V ( K ) * V T E M P ( K K ) 
140 CONTINUE 

N J = I + J - I D 
DO 32 L = 1 , N L L 
C ( N J , L 1 = C { N J , L ) - C ( I , L ) * V T E M P ( KK) 

32 CONTINUE 
30 CONTINUE 
35 CONTINUE 

I D = I D + N i n 
10 CONTINUE 

C 
C BACK SUBSTITUTION 
C 

I 0 = I D - 1 
L L l = L L - l 
DO 70 1 8 = 1 , L L l 
I = L L 1 - I B « ^ 1 
I D = I 0 - N ( I » 
I S ^ I + 1 
I N « I + N ( I ) - l 
DO 80 J = I S , I N 
N J » I D « ^ J - I 
DO 75 L « 1 , N L L 
C ( I , L ) = C C I , L ) - C i J , L l * V ( N J ) 

75 CONTINUE 
60 CONTINUE 
7 0 CONTINUE 

RETURN 
END 
SUBROUTINE V O F B i L V E C ) 

c 
C GENERATES VECTOR VDTOP. 
C 

DIMENSION D ( 2 , 2 i 
COMMON /Am 5C/X( ^00, 2 J ,NOD( 200, 6) , NREP( 2001 , 1 TYPE (2001 
COMMON /Bni SC/RVEC( 50) ,N0VCCI 50),.Jn0<l>01 »DlSPiSO) 
COMMON /AS0LV/ISTART(300i » N B A N O ( 3 0 0 ) , I 0(300) 
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COMMON /ADPARA/TLESS(300J,HLESS(300),GKi300,l),V0T0P(200) 
NELTüP=LVfiC-l 
NN=2 
I D { U « l 
DO 10 I=2,LVEC 

10 I0( n = ID( I-l )+2 
LENTs2'MVEC-1 
DO 108 I=ltLENT ' 
VDTOP{r)=0.0 

108 CONTINUE 
00 200 IE=1,NELT0P 
IN=NDVEC(IE) 
IP = NDVEC< IE4-n 
RAVE = 0.5*(X( IP, 1 J4-X(IN, 1) ) 
RDIF=X(IP,l)-XiIN,I) 
D(l,l)=RAVE«RDIF/3.0 
0(2,2) = D< 1, I) 
D{l,2)=D(l,ll«0,5 
D(2,1)=D{ 1,2) 
DO 308 1= 1,2 
IK=IE<-(I-1) 
00 408 J=l,2 
JK=IE + (J-1) 
IF(IK»GT.JKJ GO TO 408 
IPOS=ID(IK)+JK-IK 
vorOP(IPOS) = VDTOPlIPOS)+D{I, J) 

408 CONTINUE 
308 CONTINUE 
208 CONTINUE 

RETURN 
END 
SUBROUTINE GVMOD (LACT, S Y, IG<) 

C 
C MODIFIES VECTORS VK AND GK TO TAKE ACCOUNT OF LEAKAGE FLUX ACROSS 
C TOP BOUNDARY. 
C 

COMMON /BDISC/RVEC(50),NDVEC{ 501, J80(50),DI SP(50) 
COMMON /ASOL V'/ISTART( 300) ,NBAND(300) ,ID(300) 
COMMON /BSQLV/CK(300,1),VK{2000) 
COMMON /CSnLV/VD(2000),HINT(300,l),IPR0P(200) 
COMMOM /ADPARA/TLESS(300),HLESS(300) ,&K{300, I) , VDTO Pi-200i 
DO 1078 L=l,LACT 
IP1=(L-1)«2+1 
IP2 = IP1 + 1 
IPM=IPl-l 
VFl=VDTOP(IPll*SY 
VF2=0.0 
VFM=0.0 
IF(L.GT.1> VFM=VDTOP{IPM)«SY 
IFIL.LT.LACT) VF2=VDT0P {IP2)»SY 
I=NDv'ECiL) 
Jl = l 
J2»J1 
JM=Jl 
IF(L.LT.LACT) J2=NDVEC(L+1J 
IF(L.GT.l) JM=NDVEC(L-1) 
SUH=VF1«HINT{J1, l)i-VF2«HINT( J2,1)<-VFK*HINT( JM,IJ 
IF(IGK.GT.O) GKl Jl, l)=GKi Jl,i )*-SUM 
IF{IGK.GT.O) GO TO 1078 
IS=IDII) 
VK(IS)=VK(IS1•VFl 
1L = IS4-NBAND{ I)-l 
VK(IL)=VK{IL)+VF2 

1078 CONTINUE 
RETURN 
END 
SUBROUTINE GKMOD{LACT,SY) 

C 
C MODIFIES GK TO TAKE ACCOUNT OF LEAKAGE FLUX ACROSS TOP BOUNDARY. 
C 

COMMON /B0ISC/RVEC{5O),NOVEC(50 I,J BD(50),DISP(50) 
COMMON /ALEAK/QLEAK150),HCOLD{50),HF(50),FINT(50,1),GPI40) 
COMMON /ADPARA/TLESS(300),HLESSi300),GK( 300,1),VDTOP( 200) 
DO 1078 L=l,LACT 
IP1«(L-1)*2+I 
IP2=IP1+1 
IPM*IP1-1 
VF1«VDT0P(IP11*SY 
VF2«=0.0 
VFM=0.0 
IFiL.GT.ll VFf1»VDT0PnPM)»SY 
IFCL.LT.LACT) VF2=VDT0P(IP2)»SY 
I"NDVEC(L ) 

LM»L 
LP=L 
IF(L.LT.LACT) LP«L«^l 
IFIL.GT.l» LM«L-l 
SUM-VFl*QLEAK(L)«^VF2*QLEAKiLP)+VFMi'QLEAK(LM) 
GK{Jl,l) = GKlJl,l)«^SUM 
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1078 CONTINUE 
RETURN 
END 

SUBROUTINE BBLOCKiKCREP,NI,NFNUl,NFN02,NPAT,NTS EL} 
c 
C GENERATES ELEMENT CONNECTIVITIES IN BASIC BLOCKS . 
C 

DIMENSION NO(3,3 ) 
COMMON /A0ISC/X(300,2),N0D(200,6),NREP(200),ITYPE1200 )  
NOI I,I)=NFNOl 
NDi l,2)=NFN0 2 
ND(l,3)=NFN0l4-l 
ND(2,I)-ND(1,3) 
N0( 2, 2) = ND( I, 2) 
ND(2,3)=ND(1,2)<-1 
IF(NPAT.EQ.l) GO TO 200 
IF(NPAT.EQ.O) GO TO 265 
NTEMP=Nl-2 
DO 90 JJ:=I,2 
NST=NTSEL 
NLST=NST+NTEMP 
DO 40 Jl=NST,NLS T 
NREPiJl)=KCREP 
KCREP = KCREP4-l 
DO 50 K=l,3 
NOD{ J1 ,K)=ND(JJ,K)<-(J1-NST) 

50 CONTINUE 
40 CONTINU E 

NTEMP=NTEMP-1 
NTSEL=NLST+L 

90 CONTINU E 
GO TO 400 

200 CONTINUE 
ND(3, n=ND(2, U 
ND(3,2J=ND{2t2)+l 
NDi3,3)=N0(3, IJ4-1 
NTEHP=(Nl-l)/2-l 
Ll = 2 

DO 250 JJ-l,3 
L3=2 
IF( JJ .EQ.2) L3=l 
NST=NTSEL 
NLST=NST<-NTEHP 
DO 260 J1=NST,NLST 
NREPi JD̂ KCREP 
ITYPEiJl)=3 
DO 270 K-l,3 
IF(K.EQ.l) LL»Ll 
IF(K.EQ.2> LL=L 2 
IF(K.EQ.3) LL=L3 
NOD( JI,K) =ND{ JJtKJi-ÌJl-NSTÌi'LL 

270 CONTINUE 
260 CONTINUE 

KCREP=KCREP+1 
NTSEL=NLST+I 

250 CONTINUE 
GO TO 400 

265 CONTINUE 
NTEMP=Nl-2 
DO 190 JJ*lf2 
NST==NTS£L 
NLST=NST+NTEMP 
DO 140 Jl=NST,NLS T 
NREP(Jl)=KCREP 
ITYPE(jn=3 
DO 150 K=l,3 
NOD( Ji ,K) =ND(JJ,K)-KJ1-NST) 

150 CONTINUE 
140 CONTINUE 

KCREP=KCREP+l 
NTSEL = NLST<-I 

190 CONTINUE 
400 CONTINUE 

RETURN . 
END 
SUBROUTINE ELGND3{NT,SC,H I 

C 

C GENERATE S ELEMENT MATRIX,D,FOR TRIANGULAR ELEMENTS . 

 ̂COMMO N  /A0ISC/X(300,2J,raD(200,6),NREP(200),ITYPE{2001 
COMMON  /CELFM/ELK(3,3,150),0( KjO, 3 ), C (150 , 3 ), AREA ( I 50 ) 
COMMON /VCOM/ORX{200),VEL(200 ),Hi 300),IDARCY{200J,0(6,6} 
Jl=NOD(M, I) 
J2«N0D{M,2) 
J3«N0D(M,3) 
ORX(M) »( X(Jl , l)«̂X(J2, 1)+XIJ3,1) 1/3. 
IF(NREP(M).EQ.NT) GO TO 50 
NT«NREP(M1 
XJ»XCJ2,l)-X(Jl,l) 
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XM=X(J3,l)-X(Jl,1) 
YJ=X( J2,2)~X(Jl,2) 
YM=X{ J3, 2 )"X(J I, 2) 
AREACNT ) =̂0.'j-í-í XJ«YH-XM*YJ ) 
AFUN = 2.':'ARCA(NT) 
B(NTt11=(YJ-YM)/AFUN 
B{NT,2)=  (YM)/AFUN 
6{NT,3)=  {-YJ)/AFUN' 
C(N'T, n = ( XM-XJ )/AFUN 
C(NT,2)=  (-XH)/AFUN 
C(NT,3>=  (XJ)/AFUN 
DO 100 1=1,3 
DO 100 J=l,3 
IF{J-I 1 105, 110, 110 

110 CLKd , J,NTJ-BÍNT, I.)*8(NT, J)+C{NT, I )«C(NT,J) 
GO TO 100 

105 ELKÍI,J,NT) = FLK(J, I,NT) . 
100 CDNTINUE 

C 
C  FORM ELEMENT i'lATRIX:- 0 
C 

D(l,l)=0.5*0RX(M)»AREA(NT)*SC/3. 
D{2,2)=0{ I, 1 ) 
D(3,3)=0(1,1) 
Dtl,2)=D(1,1J'fcO.S 
D(2,L)=D(1,2) 
D(1,3)=DC1,2) 
0(3,11=0(1,3) 
D{2,3) = D( 1, 2) 
DÍ3,2)=D(2,3) 

50 CONTINUE 
RETURN 
END 
SUBROUTINE ELGNCT{M,III,AK,BK,NT, VCOUNT,PMK) 

C 
C  GENERATES ELEMENT HATRIX,SELK,FOR TRIANGULAR ELEMENTS. 
C 

COMMON /AELEM/BAI150),SLX(150,6), SLY{150,6),SELK(6,6),EK{6,6) 
COMMON /ADISC/X{300,2 ),NODI200,6),NREPÍ 200),I TYPE(200) 
COMMON  /CÉLEM/ELK(3,3,150),B(150,3),C(150,3),AREA(150) 
COMMON /VCOM/ORX(200),VEL( 200 ),H( 300),IDARCY(200} ,0(6,6) 
IF(IDARCY(M).EQ.OI  GO TO 70 

500 CONTINUE 
J1=N00(M, 1) 

J2=N00{M,2) ,, 

J3=N0f){H, 3) 
CALL CONSTTÍH,AK,BK,ACONST,JI,J2, J3,NT) 
GO TO 60 

70 CONTINUE 
PX̂PMK 
ACONST>=PX*ORX(M)*AREAÍNT) 

80 CONTINUE 
C 

c CALCULATE ELEMENT MATRIX 

C 
DO 200 1=1,3 
DO 200 J=l,3 
SELKlI,J)=ACONST»ELK(I,J,NT) 

200 CONTINUE 
RETURN 
END 
SUBROUTINE CONSTTÍM,AK,BK,ACONST, J I,J2,J3,NT1 

C 
C  COMPUTES NON-LINEAR COEFFICIENT FOR TRIANGULAR ELEMENTS. 

C 
COMMON  /CELEM/ELK(3,3,150),B(150,3),C(150,3),AREA(150) 
COMMON /VC0M/0RX(20 0), VcL( 200 ),H{ 300 ) , IDARC Y( 2 00) ,0(6,6) 
HX=B(NT,1 )«H( J1)+B(NT,2)*H( J2)4-B(NT,3)«H(J3) 
HY=C(NT,1 )=fH( Jl)î e{NT,2)̂ H{J2)+C(NT, 3)*HiJ3) 
HS= ABS(  SQRT(HX**2+HY*»2)) 
TEHP=0.5»AK<-SQRT(0. 25*AK»*2+BK*HS ) 
VEL (M)=HS/TEMP 
AC0NST=AREA(NT)*0RX(M)/TEMP 

500 CONTINUE 
RETURN 

SUBROUTINE  VC HEC3  ( M, AK , BK , J1, J2, J 3, NT , PMK, VCR, GRRX, GRRY) 
C 
C  COMPUTES aFMENT VELOCITIES FOR TRIANGULAR ELEMENTS. 

 ̂ COMMON  /VCOM/ORX(200),VFL(2DO),H(300),IDARCY1200),0(6,6) 

COMMON /CELEM/FLK{3,3,150),a( 150, 3),C(150,3),AREA(150) 
HX'B{NT,l }*H(J1)*B(NT,2)*H(J2)«̂ B(NT, 3)*H( J3) 
HY=C(NT,l )<'H( Jl)+C£ NT,2)*H(J2)<-C(NT,3)*H{J3) 
MS« ABS(  SQRT(HX»«2<-HY'»*2)) 
GRRX-=HX/HS 
GRRY=HY/HS 
1F(IDARCY(M),FQ.O)  GO TO 20 
TEMP«0.5<'AKi-SQRT(0. 25*AKi:*2<̂B K*HS) 
VEL(MJ»HS/TEMP 
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I P i A D S C V E L i M J J . L E . V C R ) I D A R C Y { M 1 = 0 
G O T O 30 

2 0 C O N T I N U E 
V f : ' L ( H ) = P M K * H S 
I F ( A B S ( V e L ( M ) J . G T . V C R ) I D A R C Y ( M ) = 1 

3 0 C O N T I N U E 
R E T U R N 
E N D 
S U B R O U T I N E S E T A R G ( A G P , B G P , PMG P , V G P , A K K , B K K , P K K , V C R , I ) 

C 
C I D E N T I F I E S E L E M E N T S I N T H E G R A V E L P A C K E D Z O N E . 
C 

C O M M O N / C S O L V / V D ( 2 0 0 0 ) , H I N T ( 3 0 0 , 1 J , I P R O P { 2 0 0 1 
I F ( I P R O P ( n . E Q . O ) G O T O 2 0 
G O T O 1 0 

2 0 C O N T I N U E 
A K K = A G P 
B K K = B G P 
P K K = P M G P 
V C R = V G P 

1 0 C O N T I N U E 
R E T U R N 
E N D 
S U B R O U T I N E T C U R V 3 ( H 0 , B , N N O D E , Q F I X , A K , B K , P H K , T H , J ) 

C 
C C O M P U T E S T Y P E C U R V E F O R S T E A D Y S T A T E F L O W -
C 

C O M M O N / A D I S C / X { 3 0 0 , 2 ) , N o b i 2 0 0 , 6 ) , N R E P { 2 0 0 I , I T Y P E ( 2 0 0 1 
C O M M O N / V C 0 M / 0 R X ( 2 0 0 ) , V E L ( 2 0 0 J , H ( 3 0 0 ) , I D A R C Y ( 2 0 0 ) , D i 6 , 6 ) 
T W P I = 4 4 . / 7 . 
T M I S = P M K ' ! - T H 
P A R A M = B K * Q F I X « T M I S / ( T H « * 2 * B * T W P I J 
D E N O M = Q F I X / { T W P I « T M I S ) 
W R I T E I 3 , 3 ) P A R A M 

3 F O R M A T ( / / / , 1 0 X , 5 0 { « « ^ » ) , / , I O X , » + « , I 3 X , « S T E A D Y S T A T E T Y P E C U R V E * , 
1 l 2 X , « « ' , / , i 0 X , 5 0 ( » « « J , / / / , 1 5 X , ' N O N - L I N E A R F A C T O R = ' , F 1 2 . 4 1 

I F ( J . E Q . 2 ) G O T O 5 
H R I T E ( 3 . 2 3 ) 
G O T O 1 5 

5 C O N T I N U E - ' • • • = 
H R I T E ( 3 , 3 3 ) 

1 5 C O N T I N U E 
2 3 F 0 R M A T ( / / , 1 0 X , ' N O D E N U M B E R ' , I 5 X , » R - C O O R D I N A T E ' , l O X , • F U N C T I O N H ( U ) « 

1 , l O X , « A R G U M E N T U ' , / / > 
3 3 F O R M A T ( / / , I O X , « N O D E N U M B E R ' , I 5 X , • 2 - C O O R D I N A T E • , l O X , • F U N C T I O N W ( U } ' 

I , l O X , « A R G U M E N T U » , / / ) 
D O 1 0 I « I , N N O D E 
S D R A W = H O - H ( I ) 
S L E S S = S D R A W / D E N Q M 
R L E S S = X ( I , l ) / 8 
W R I T E ( 3 » I 3 ) I , X { I , J ) , S L E S S , R L E S S 

1 0 C O N T I N U E 
1 3 F O R M A T ( l O X , I 5 , 2 0 X , F 1 0 . 2 , 2 I l O X , E l 2 - 4 ) ) 

R E T U R N 
E N D 
S U B R O U T I N E Q H U L ( N B W , Q S U M ) 

C 
C C O M P U T E S N O D A L F L U X E S A T H E L L B O U N D A R Y . 
C 

C O M M O N / A S O L V / I S T A R T ( 3 0 0 ) , N B A N D ( 3 0 0 ) , I D ( 3 0 0 J 
C O M M O N / B G C A L / V K Q { 6 G 0 ) , Q H B ( 4 0 ) 
C O M M O N / B O I S C / R V E C ( 5 0 ) , N O V E C ( 5 0 ) , J B 0 ( 5 0 ) , D I S P i 5 0 ) 
C O M M O N / V C O M / O R X 1 2 0 0 ) , V E L ( 2 3 0 ) , H ( 3 0 0 ) , I O A R C Y I 2 0 0 ) , D ( 6 , 6 ) 
D A T A N R E A D , N P R I N T / 1 , 3 / 
D O 1 0 L = 1 , N 3 W 
I = J B D ( L ) 
I S = I D d ) 
I L = I D d ) + N B A N D ( n - I 
Q W B ( L ) = 0 . 0 
D O 2 0 J » I S , I L 
K = I + J - I S 
Q W B ( L ) = Q W B ( L ) + V K Q ( J ) * H { K J 

2 0 C O N T I N U E 
I F d . E Q . n G O T O 1 5 
I I » 1 - 1 
1 S T * « I S T A R T C n 
D O 3 0 J = 1 S T , 1 1 
K « I I - J + I 
I P « I 0 ( J ) • K 
Q W B ( L J = O W B ( L J > V K Q d P ) * H ( J ) 

3 0 C O N T I N U E 
1 5 C O N T I N U E 

Q S U M - Q S U M > Q W 8 ( L ) 
Q i t M P = - 0 W B ( L ) * 2 . * 3 . 1 4 1 6 
W R I T E ( N P R I N T , 4 4 0 3 ) I , Q T E M P 

4 4 0 3 F O R M A T ( / , l O X , 1 5 , 1 5 X , F 1 2 . 4 ) 
1 0 C O N T I N U E 

R E T U R N 
E N D 
S U B R O U T I N G Q C A L C t N B W , Q S U M ) 
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c 
C C O M P U T E S T O T A L D I S C H A R G E I N T O W E L L -
c 

COMMON / A S O L V / I S T A P . T ( 3 0 0 ) . N B A M D O O O . M O i a O O ) 
COMMON / B Q C A L / V K Q ( 6 0 0 ) , Q W D ( ^ . 0 ) 
COMMON / B D I S C / R V E C ( 50 J , N D V i X i 50 } , J B D ( 50 ) , D I «¡P( 5 0 > 

C OM MON / V C G - V O RX ( 2 U 0 ) , V EL ( 2 D 0 ) , Hi 3 GO ) , I D A K C Y i 2 0 0 ) , D i 6 , 6 ) 
D A T A N R E A D , N P R I N T / I , 3 / 
W R I T E ( N P R I N T , 4 1 0 3 ) 

A I 0 3 F 0 R M A T ( I H I , / / , 2 0 X , 2 9 H N 0 D A L F L U X E S AT WELL B O U N D A R Y , / / / , 
I 1 - 0 X , 4 H N 0 0 E , I 6 X , I / t H D I S C H A R G E F L U X , / } 

Q S U H = G . O 
C A L L Q M U L I N B W . Q S U H ) 
Q S U M = A B S ( 1 4 i 6 * Q S U M ) 
W R I T E ( N P R I N T , 4 2 0 3}QSUM 

A 2 0 3 FORMAT { / / / / , 1 0 X , 3 3 H T 0 T A L D I S C H A R G E I N T O THE WELL « , F 1 0 « 4 J . 
R E T U R N 
END 
S U B R O U T I N E B M D F I X ( H H , H O , N N O D E , N B D , N D W , N D R O , N B W , N S C R E N , R W ) . 

c 
C I D E N T I F I E S N O D E S WHERE HEAD V A L U E S ARE P R E S C R I B E D . 
C 

COMMON / A D I S C / X ( 3 0 0 , 2 ) , N O D ( 2 0 0 , 6 ) , N R E P ( 2 0 0 ) , I T Y P E { 2 0 0 I 
COMMON / B D I S C / R V E C ( 5 0 ) , N O V E C ( 5 0 ) , J B O { 5 0 ) , 0 1 S P ( 5 0 ) 
COMMON / W S C R E N / X S C R ( 5 ) , H S C R i 5 ) 
K = 0 
N F N D = l 
DO 30 I = 1 , N S C R E N 
X S T = X S C R ( I » - 0 . 0 1 
X E N D = X S T + H S C R ( I H O , 02 
DO 40 J = 1 , N N 0 D E 
L = N F N 0 < - J - 1 
I F ( L . E Q . l ) GO TO 2 2 2 
I F ( X ( L , D . G T . R W ) GO TO 30 

2 2 2 C O N T I N U E 
I F ( ( X ( L , 2 ) . L T . X S T ) . 0 R . i X ( L , 2 ) . G T . X E N D ) ) GO TO 7 0 

2 2 K = K ^ l 
J B D ( K ) = L 
O I S P ( K ) = H W 
GO TO 4 0 

7 0 I F ( X { L , 2 ) . G T . X E N D ) GO TO 3 0 
AO C O N T I N U E 

N F N D - L + I 
3 0 C O N T I N U E , 

J = K 
N B W = J 
N S T = N N O D E - N O R O f l 
DO 2 5 I = N S T , N N O D E 

J B D ( J ) = « I 
D I S P { J J - - - H O 

2 5 C O N T I N U E 
N B D = J 
R E T U R N 
END 
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4.6 LISTING OF TRCOND 
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C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
e 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

INTEGRATED H E L L - A Q U I F E R SOLUTIO!^ SYSTEM. 

DEVELOPED BY P . S . HUYAKGRNi. 

TRCOND,PROGRAM FOR SOLVING TR ANSI ENT , TWO-DI MENS l O N A L , DARCY OR THO-REGIME 

FLOW U S I N G RECTANGULAR a E H E ^ T S 3R A CDMDINATION OF RECTANGULAR AND 

TR IANGULAR ELEMENTS-

VERSION DATED OCTOBER,1973, 

FOR FURTHER INFORMATION,CONTACT 

P . S , HUYAKORN OR C . R . DUDGEON 

WATER RESEARCH LABORATORY 

KING S T . , M A N L Y VALE 

S Y D N E Y , N . S . W . 2 0 9 3 , A U S T R A L l A . 

L I S T OF INPUT VARIABLES 

-ALL READ STATEMENTS ARE LOCATED I N THE MAIN-

-PROGRAM AND INDICATED BY $ l OR $1,SK S IGN 

PROBLEM V A R I A B L E S ••• 

NPROB = NUMBER OF PROBLEMS TO BE SOLVED 
I V E L » V E L O C I T Y PRINT-OUT INDEX 

FEED IN IVEL=0 I F V E L O C I T Y P R I N T - O U T I S NOT REQUIRED OTHERWISE 
FEED I N IVEL=1 

I D I S C R « D I S C R E U S A T I C N DATA PR INT -OUT INDEX 
FEED IN IDISCR=0 I F D I S C R E T I S A T I O N P R I N T - O U T I S NOT REQUIRED 
OTHERWISE FEED I N I O I S C R = I 

ORELAX = OVER -RELAXAT ION FACTOR FOR NON-L INEAR HEAD I T E R A T I O N 
SUGGESTED VALUE L I E S BETWEEN 1.50 TO 1 . 8 5 -

RW « RADIUS OF WELL SCREEN 
RO « EXTERNAL RADIUS 3R RADIUS OF INFLUENCE 
HO «= I N I T I A L HEIGHT OR DRAWDOWN OF WATER TABLE 
HTOL « HEAD TOLERANCE FOR NON-L INEAR I T E R A T I O N ON HEAD VALUES 

SUGGESTED VALUE I S O . I O OR A FEW PERCENT OF HO-HW 
NLAYR » NUMBER OF LAYERS OF WATER BEARING FORMATIONS 
Q F I X = PRESCRIBED WELL DISCHARGE 
RCSNG = RADIUS OF WELL CASING 
QRTOL «= R A T I O OF DISCHARGE TOLERANCE TO PRESCRIBED WELL DISCHARGE 

SUGGESTED VALUE L I E S BETWEEN 0.01 AND 0 .02 
IGP « GRAVEL PACK INDEX, IGP=1 FOR GRAVEL PACKED H E L L , 

IGP=0 FOR NON-GRAVEL PACKED WELL 
IBOUND « EXTERNAL BOUNDARY INDEX 

IBOUND=0 FOR BARRIER BOUNDARY OTHERWISE IBOUND ®1 
IWBC = HELL BOUNDARY CONJDITION INDEX 

IW8C=0 I F EFFECT OF WELL STORAGE I S TO BE NEGLECTED OTHERWISE 
IWBC» I 

IKMAX « LAYER OF MAXIMUM PERMEABIL ITY OR MINIMUM VALUE OF A K L I I ) 
IKAT » INDEX USED TO IND ICATE WHETHER THE TOP LAYER I S CONFINED OR 

UNCONFINED 
T H L ( I ) « THICKNESS OF LAYER NUMBER I 
A K L ( I ) « FORCHHEIMER LINEAR HYDRAULIC COEFF IC IENT OF AQUIFER OR AQUITARD 

L A Y E I 
FOR AQUITARD I , F E E D IN A K L ( I 1 . / P M L ( 1 ) WHERE PMLI 1) I S I T S 
HYDRAULIC CONDUCTIV ITY 

B K L C I ) « FORCHHEIMER NON-LINEAR C O E F F I C I E N T OF AQUIFER LAYER I 
FOR AQUITARD I , F E E D IN B K L I I ) = 0 . 0 

V C R L ( I ) « C R I T I C A L VELOCITY OF AQUIFER LAYER I 
FOR AQUITARD I FEED IN V C R L ( I ) = 0 . 0 

S S L d l « S P E C I F I C STORAGE OF AQUIFER OR AQUITARD I 
AGP = L I N E A R HYDRAULIC C O E F F I C I E N T CF GRAVEL PACK MATERIAL 
B ^ . N U N - L I N E A R HYDPAULIC COEFF IC IENT OF GRAVEL PACK MATERIAL 
VGP » C R I T I C A L FLOW VELOCITY FOR GRAVEL PACK MATERIAL 
THGP « THICKNESS OF GRAVEL PACK 
RTr.P » HF IGHT OF THE BASE OF GRAVEL PACK 11 I C O E F F I C I E N T CF S P E C I F I C Y I E L D OF TOP LAYER WATER TABLE AQUIFER 

DINDEX - REc fpRUCAL^OF DELAYED Y I E L D INDEX FOR WATER TABLE A C ^ I F E R OR 
AQUITARD 

D I S C R E T I S A T I O N PARAMETERS 

N T I C R « TOTAL NUMBER OF T IME STEPS 

V f V u . : v l f S ^ O F i ^ P ^ I R s i i y M ^ ^ T E P . E X P R E S S r D I N OIMENSIONLESS FORM 
IMSL « T IME MULTIPLIER^SUGGESTED VALUE VARIES FROM 1.50 TO 2 .00 
DTMUL « INCREMENT UF TIMS MULT IPL IER 

SUGGESTED VALUE L I E S BETWEEN 0 . TO 0 . 0 2 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c-
c 
c-
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

FRLEN 

S C F A C 

XLHAX 

NDSC 

NSCREN 
I R E G L ( I ) « 

- 1 

N M I N K I ) = 

N F R L ( I ) = 

X S C R d ) « 
H S C R ( l ) = 

L E N G T H o r F I R S T SUBREGION 
SUGGF-STED VALUE IS FRLEN=RW 
FOR GRAVEL PACKED W E L L , F R L E N MUST NOT EXCEED T H I C K N E S S OF PACK 
S C A L E F A C T O R TO BE USED I N COMPUTING THE LENGTHS OF R E M A I N I N G 
S U B R E G I O N S . S U G G E S T E D VALUE I S SCFAC = 1 « 5 0 
MAXIMUM LENGTH OF A B L O C K , P R E S C R I B E D T O A V O I D I L L - C O N D I T I O N E D 
E L E M E N T S . M A X [HUM VALUE OF XLMAX SHOULD NOT EXCEED 2 5 . » T H 
T O T A L NUMBER OF NODES ON WELL S C R E E N ( S ) 
NDSC IS T O BE GREATER OR EQUAL T O 2 
NUMBER OF SCREENED I N T E R V A L 
NUMBER OF REPEATED REGULAR BLOCKS W I T H T H E SAME NUMBER OF NODES 
ON T H E L E F T AND R I G H T V E R T I C A L L I N E S ACROSS LAYER I 
S U G G E S T E D VALUE I S IREG=2 
MINIMUM NUMBER OF NiODES ALONG A V E R T I C A L L I N E ACROSS L A Y E R I 
T O M I N I M I S E THE T D T A L NUMBER OF N O D E S , S U G G E S T NMIN=2 
NUMBER OF NODES 3N PORTION OF WELL BOUNDARY P E N E T R A T I N G A Q U I F E R 
OR A Q U I T A R D LAYER I 
Z - C O O R D I N A T E OF BASE OF SCREEN I ABOVE DATUM 
L E N G T H OF SCREENED I N T E R V A L I 

L I S T OF O U T P U T V A R I A B L E S 

NNODE 
N E L E H 
I T 
TMM 
T K 
X 
H 
T L E S S 
H L E S S 
I<3 
SW 
QAQFR 
QSTRGE 
QCALL 

Q R D I F 

NOD 
VEL 
VCOMPl 
VC0MP2 
I D A R C Y 

T O T A L NUMBER OF NODES I N THE F I N I T E ELEMENT NETWORK 
T O T A L NUMBER OF ELEMENTS IN THE NETWORK 
T I M E S T E P NUMBER 
REAL T I M E VALUE AT THE M I D - P O I N T OF T I M E S T E P I T 
REAL T I M E VALUE AT THE END OF T IME S T E P I T 

•RADIAL AND V E R T I C A L NODAL COORDINATES 
NODAL HEAD OR DRAWDOWN VALUES 
NODAL VALUES OF 01 MENSlONLESS T I M E , l / U 
NODAL VALUES OF HELL F U N C T I O N FOR T R A N S I E N T F L O i i , W i U I 
D I S C H A R G E I T E R A T I O N NUMBER 
DRAWDOWN VALUE AT CURRENT T I M E 
D I S C H A R G E FROM A Q U I F E R I N T O WELL AT DRAWDOWN SW 
D I S C H A R G E FROM WELL STORAGE 
T O T A L C A L C U L A T E D DISCHARGE 
QCALL = DISCHARGE FROM WELL STORAGE • QAQFR 
R E S I D U A L DISCHARGE 
Q R D I F = THE ABSOLUTE D I F F E R E N C E BETWEEN PRESCRIBED AND 
D I S C H A R G E AND CALCULATED DISCHARGE 
NODE CONNECTIONS OF ELEMENTS IN THE F I N I T E ELEMENT NETWORK 
A B S O L U T E ELEMENT V E L O C I T I E S 
R A D I A L COMPONENT OF ELEMENT V E L O C I T Y 
V E R T I C A L COMPONENT OF ELEMENT V E L O C I T Y 
INDEX TO I N D I C A T E I F A P A R T I C U L A R ELEMENT BELONGS T O DARCY 

OR NON-DARCY ZONF, I D A ^ C Y = 0 FOR ELEMENTS IN THE DARCY Z O N E , 
IDARCY=1 FOR ELEMENTS I N THE NON-DARCY ZONE 

D I M E N S I O N J D A R C Y ( 5 0 0 ) 
COMMON / W S C R F N / X S C R { 5 ) t H S C R ( 5 ) 
COMMON / A C O P E / V C O R E ( 2 0 0 0 ) ^ , 
COMMON / A L A Y R / A K L { 3 ) , 8 K L ( 3 ) , V C R L { 3 ) , S S L { 3 ) , T H H 3 ) , I R E G L ( 3 ) , 

l N M I N L i 3 ) , N F R L ( 3 ) , P M L i 3J 
COMMON / A D I S C / X ( 3 0 0 , 2 ) , N O O ( 2 0 0 , 6 ) , N R E P { 2 0 0 ) , I T Y P E ( 2 0 0 I 
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COMMON  /AELr:M/OA{l50),SLX(150,6),SLY{l50,6}»Sr:l.K<6,6),EK(6i6) 
COMMON /8ELt;M/(;(6,6,3itr(6,6, 3),DSHr-Z(?,6) 
COMMON /CifLE«/i:LK(3,3,l t>Oj,B( liiO, 3 ), C (I 50, 3 ) , AREA (1 50 ) 
COMMON /ASGLV/ISTART(300) ,NBAN0I300J ,ID( 300) 
COMMON /BSOLV/CKi300,IJ,VK{200Q> 
COMMON /ATIMc/TIKti60),SH(60),0SW(5)»QCALCi5) 
COMMON /CS0LV/VD(2000)•HINT(300,I),iPROP{?00) 
COMMONI /V COM/ ORX {2 0 0), Vn (200 ), H( 300 } , I OARC Y{ 200) t D (6,6) 
COMMON /RQCAL/VS{600),QV,3{'+0J 

COMMON /0OISC/RVr.C{ 50),NQVtCl 50>, J6D(50J,DISP(50) 
COMMON /ALEAK/QLEAK (:>U) ,HC0L0(50} » MF { 50 J , F INT ( 5 0,11 ,GP(40) 
COMMON /A0PARA/TLESS( 300)tHLESS(300J »GKi300,1),VDTOP{200) 
DOLJBLF PRECISION DEXP.ARGU 
DATA NRtAO,NPRINT/l,3/ 

C 
c 
c  « * 
c  *  BLOCK I  • 
C  * • 

c 
C  PRINT INITIAL  HEADINGS 
C 

WRITE(NPRINT,I773) 
•1773 FORMAT!•I•) 

WRITEiNPRINT,1003) 
WRITEtNPRINT,1013) 
KRITGINPR INT, 1023) 
WRITE(NPRINTvi013) 
WRITE INPRINT,1033) 
WRITEiNPRINTv1013) 
HRITEtNPRINT,1003) 

993 FORMAT! « 1» ,<hX,51H + 
!«•) 

1003 FORMAT ( 5X ,51H j 
1013 FORMAT! 5X,51H ) 
1023 FORMAT(5X,5lH •  FINITE CLEMENT ANALYSIS OF WELL PROBLEMS 
1033 FORMAT (6X,«'i- TRANSIENT, TWO REGIME FLOW TOWARD A SINGLE WELL «'1 

READiNREAD,10 11)NPROB,IVEL,I 01 SCR,ORELAX $1 
• lOIl  FORMAT (31 10, FIO.2) 

DO 4800 JPR0=1,NPROB ' • 
WRITEiNPR INT,9003)JPRO ' 

9003 FORMAT!///,20X,50('*'),/,20X,•*«,13X,»PROBLEM  NUMBER  *«, 
I 16,12X,•*•,/,20X,50!'»«)) 

C 
C  READ AND PRINT GENERAL DATA. 
C 

ROADiNREAD, 2001 )RW, RO, HO, HT3L ,NLAYR 
2001 FORMAT i r̂iO.2, 110) 

REA0!MREAD,20l)QFIX,RCSNG,QRT0L fl 
201  FORMAT!3F10.2) 

REA0!NREA0,111)IGP, IBOUNO,IWBC,IKMAX,IWAT $1 
III  FORMAT(5110) 

1AQTA=IWAT 
WRITE!NPRINT,23)RW,RO,HO,RCSNG 
WRITEINPR INT,219 3)QFIX,CRTOL,OREL AX,HTOL 
WRITE!NPRINT,1P3)IGP,IBOUND,IWBC,IKMAX 
QRTOL=QRTOL*QFIX/2.0 

23 FORMAT!///, 20X, 'GENERAL DATA',///, 
1 lOX,'RADIUS  OF WELL  =',F10.2,//, 
2 lOX,'RADIUS  OF INFLUENCE  =',F10.2,//, 
3 lOX,'HEIGHT OF WATER TABLE  =*,F10.2,//, 
It lOX,'RADIUS  OF WELL CASING  =',Fl0-2,//i 

2193 FORMAT! lOX, »DISCHARGE INTO WELL  =',F10-2,//, 
1 lOX,'DISCHARGE T3LERANCE RATIO  =',F12.4,//, 
2 10X,'0VER RELAXATION FACTOR  «•,F12.4,//, 
3 lOX, 'HEAD TOLERANCE «' ,F 12.,//) 

193 FORMAT dOX,'GRAVEL  PACK INDEX  =',I5,//, 
1 lOX,'BOUNDARY INDEX  =',I5,//, 
2 lOX,'WELL B.C.  ISDEX  =»,I5,//, 
3 lOX, «LAYER OF MAX PERMEABILITY  »«»IS) 

C 
C  READ AND PRINT MATERIAL DATA 
C 

WRITE1NPRINT,6013) 
6013 F0RMATI///t10X,'FORMATION PROPERTIES',//, 

1 lOXr'LAYER  NO.',5X,'THICKNESS',5X,'C0EFF-A', 
2  5X,'COEF-Bf,5X,'CRIT.  VELOCITY',5X,'SPECIFIC  STORAGE',//) 
DO 17 I«1,NLAYR •NLAYR*'* 
R£AD!NREAD,3013)THL (I) , AKL!I) ,BKL!I) ,VCRL(n,SSL(I> il 

3013  FORMAT(5£10.2) 
GCR'̂ AKL!! )*VCRL ( I ) < BKL ! I) «VCRL ! I) ••2 
PMLd )==!. /AKLiI) 
IFIGCR.GT.O. ) PML! I J'VCRL! n/GCR 

WRITEiNPRiNT, 7013)1 , THL (I),AKL(I),5KL(I),VCRL1IJ , SSL(1) 
7013 FORMAT!10X,I 5,9X,F9.2,3!5X,E9.2),9X,E9. 2) 

SSLd )«SSL(I )«1000. 
17 CONTINUE 

RGP»RW 
IFdGP.EQ.O)  GO TO 29 
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READ(NREA0,33UAGP,BGPtVGP,THGf>,BTGP Sl.SK 
331 F0RMAT15F10.3) 

RGPaTHGP+RW 
GRGP»AGP*'VGP-i-BGP*VGP<«*2 
PMGP«U/AGP 
IFiGRGP.NE.O) PMGP«VGP/GRGP 
WRITEiNPR INT, 153)AGP,BGP,VGP, PMGP 

153 F0RMAT(///»20X,'GRAVEL PACK PROPERTIES'/// 
1 lOX,«COEFFICIENT A =',F10.4// 
2 lOX,•COEFFIClENT B = •,F10.4// 
3 lOX,'CRITICAL VELDCITY = SFIO.4// 

lOX,'COEFFICIENT K « « ,F10,4) 
HRITEiNPRINTtI63)THGP,RGP 

163 FORMAT(lOXt•THICKNESS OF PACK » ',F10.2// 
1 lOX,'RADIUS OF PACK » «»FlO.a) 

29 CONTINUE 
C 
C FOR HATER TABLE AQUITARD READ DELAYED YIELD DATA. 
c 

IF( lAQTA. EQ.O) GO TO 1.17 
READ(NREAD,173)SY,DIN0EX $l.SK 

173 FORMAT(2E10.2) 
SFAC=DIN0EX*SY/6. 
DINDEX=DINDEX/1000. 

. 117 CONTINUE 
C 
C READ AND PRINT DISCRETIZATIDN DATA. 
C 

READ(NREAD, l2nNTICR,ITST,TFACTR,THUL,DTMUL $1 
121 FORMATi2110,3F10.21 

NN00S=1 
C 
C GENERATE ELEMENTS OF VECTOR TIME. 
C 

TH=ThL(IKMAX) 
PH=PMLlIKMAX) 
SS=SSL(IKMAX) 
BK=BKL{IKHAX) 
BKMAX=BK . 
TPAT=1 
NTICP=NTICR+l 
CALL TIGEN(NTICP,TFACTR,TMUL,DTHULtRW,PM,SS,IHBC,QFIX,TPAT) 

C 
C READ AND PRINT DISCRETIZATION DATA, 
C 

READiNREAD,901)FRLEN,SCFAC,XL MAX Jl 
901 F0RMAT(3F10.2) 

READiNREAD, 801)NDSC,NSCREN . $1 
801 FORMAT(2110) 

IPENTR=0 
DO 602 I=l,NLAYR •NLAYR'?'* 
REA0(NREA0,l90l)IREGL(ntNMINLin,NFRL(I) $1 

1901 FORMATi3110) 
602 CONTINUE /• 

C 
C READ HELL SCREEN DATA 
C 

HRITE(NPRINTt553) 
553 FORMATi///,5X,«SCREEN NO.»»lOX, • BASE HE IGHT*,14X,•LENGTH* ,//) 

SCLEN=0.0 
DO 702 I=1,NSCREN «NSCREN^ 
READ{NREAD,601)XSCRiI),HSCR{I ) $1 

601 F0RMAT(2F10.2) 
SCLEN=:SCLEN+HSCR{I) 
HRITEiNPRINT,563)1,XSCRII),HSCR(I) 

563 FORMAT(7X,I6,13X,F11.2|8X,F10.2) 
702 CONTINUE 

C 
C GENERATE AND PRINT DISCRETIZATION DATA. 
C 

CALL GXNODR( FRLEN, SCFAC,XLMAX , RW,RO,NNODE,NELEM,LVEC,NLAYR, I PENTR, 
1 IDISCR) 

C 
C HODIFY IPROP. 
c 

DO 1544 I«l,NELEH 
J1=N0D(I,1) 
J2«N0D(I,2) 
XCEN=(X(Jl,lI+XIJ2,1))«0.5 
IFiXCEN.GT.RGP) G3 TO 1545 

1544 CONTINUE 
1545 CONTINUE 

IF(lAQTA.EQ.O) GO TO 166 
CALL VDFBILVEC) 
DO 176 I^l,NNODE 
H1NT( I, l)»0.0 

176 CONTINUE 
166 CONTINUE 

C 
C FIND BANDHIDTHS ETC. 
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CALL FBFINPv(Lr:N,NCLEiM,NN,NNaDE) 
WR ITE (NPR INT,233)LEN 

233 FOkMAK////// , 10X,25HLENGTH OF GROSS VECTOR » , 1 8 , / / ) 
DO 130 I=»1,LEN 
V 0 ( I ) = 0 . 0 

130 CONTINUE 
NNP«=0 
NT = 0 
DO 135 IE=l ,NELEM 
NN=ITYPE ( I E ) 
I F ( I P R O P ( I E ) .NE .O i L = I P R O P i l E J 
SC=SSL (L ) 
I F { N N , E Q . 3 ) GO TO 235 
CALL ELGNDR(NT,SC, IE ,DET,NNP) 
GO TO 335 

235 CONTINUE 
CALL ELGN03(NT,SC , I E» 

335 CONTINUE 
CALL HERBD(NN, IE ) 

135 CONTINUE 
C 
C CALCULATE HEAD AT VARIOUS TIME VALUES 
C 

TMIS = TH<=PH 
F P I = 8 8 . / 7 . 
CUNST^QFIX/tFPI i 'TMIS» 
DIFFUS^PM/SS 
LVST=^2 
NST=NDVEC(l) 
LSTEL=NDVECiIJ 
NELTO^NELEM 
DO 642 I »1 , LVEC 
HC0LD(1)=0. 
H F ( I ) = 0 . 
F I N T I I , 1 ) = 0 . 

642 QLEAK ( I )=0 . 
I F ( I T S T . E Q o l ) GO TO 1245 
CALL HREADiNNOOS,1,1) 
CALL MPUNCH{NN0DS,3,1) 
CALL HREADiNNOOS, I , 2) • 
CALL HPUI>!CH(LVEC,3, 2i 
IST=NNODS+l 
DO 1345 I=1ST,NN0DE 
H { I ) -HO 

1345 CONTINUE 
GO TO 1445 

1245 CONTINUE 
DO 3545 I» l ,NNOOE 
H ( n » H O 

3545 CONTINUE 
1445 CONTINUE 

DO 245 I=1,NN00E 
H 1 N T { I , 1 ) = H ( I ) 

245 CONTINUE 
DELT=TIME(1) 
NDTO=NNODE 
ITHIN = NTICR 
QAQFR=2.«QRT0L 
SW0LD=0.0 

C 
C ESTIMATE WELL DRAWDOWN FOR F IRST TIME STEP . 
C 

CALL DSWINT(DSOLD.BK,QFIX,THIS ,TH,RW,SCLEN,DIFFUS,CUNSTl 

DSOL0=0.6*OSOLD 
IST=1 
FQ=0-0 
NQITER»5 
iFdVlBC.EQ. . 0 ) RCSNG = 0-

C SET JDARCY. 
C 

DO 299 I=1,NELEM 
JDARCY(I)=«0 

299 CONTINUE 
C 
C l O O P H G WITH LOOP PARAMETER IT=1,NTICR 
C 

DO 7007 I T » I TST ,NT ICR 
ITCUR=IT I F d T . G T . l l O E L T . T I H E ( I T ) - T I M E i I T - l » 
T M ' T I M E ( I T ) 
LVST=LVBC 
NST-NNOOE 
TMH«TM-OELT*0.5 
WRITE INPR INT,6831 IT 

603 FORMAT!/// ,10X,35C ) , / . l O X , •••.4Xt , , « ̂  , . , , 
I ' T IME STEP NUMBER . M 5, 5X, • , / , lOX, 35 (• ) ) 

TMIL«TMM/1000. 
WRITE (NPR INT,333)TMIL 
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3 3 3 F O R H A T Í / / / , l O X t A K * * « ! f/,10X, • • • , 9 X , * T I H E , 
1 f:14.3,9X,'*» M^« I,//) 
H R Í T E Í N P R I N T , 3A3 )Rfi,NNOOt,NELLM,LVST 

3 4 3 F O R M A T (/, lOX, «FST IHATED R A D I U S OF INFLUENCE « S F 1 0 . 2 , 
l / / i l O X . ' C O R R P S P O N U I N G NO. OF NODES = ' , I 5 , / / , 
2 lÜXf « C O R R E S P O N D I NG NO. CF E L E M E N T S = ' , 1 5 , / / , 
3 l O X t ' C O R R E S P O N D I N G C O M P O N E N T O F V E C T O R N D V E C « ' t l S t / / ) 

C O M P U T E D I M E N S I O N L E S S TIME. 

CONS = 4.0*DIFFUS'fTHH 
00 7 0 9 I = I , N N O D E 
T L E S S ( I ) = C O N S / X ( I , 1 > » * 2 

7 0 9 C O N T I N U E 

; F O R W A T E R T A B L E AQU ITARD, C O ^ P U T E B O U L T O N ' S I N C R E M E N T A L D E L A Y E D Y É I L D , 

I F ( l A Q T A . E Q . O ) G O T O 7 7 7 
A R G U = - D I N C E X * 0 E L T » 0 . 5 
T E R M = D E X P ( A R G U ) 
E S = S Y * ( 1 . 0 - T E R M ) 
W R 1 T E ( N P R I N T , 9 0 3 ) E S 
E S = E S * 1 0 0 0 . 

9 0 3 F O R M A T ! / / / , « E F F E C T I V E S P E C I F I C YIELD «»»El^.^l 
. 7 7 7 C O N T I N U E 

: I N I T I A L I S E H E A D V A L U E S . 

I F ( I T . E Q . l ) GO TO 165 
6 7 7 C O N T I N U E 

DO 155 I = I ; N N 0 D E 
H I N T d ,1)=HII) 

155 C O N T I N U E 
1 6 5 C O N T I N U E 

C A L L EBFINRt LEN, N E L E M , N N , N N O D E ) 
. DO 2 7 2 2 I = L V S T , L V E C 
I F ( N S T « G T . N D V E C ( I ) J GO TO 2 7 2 2 
J J = N D V E C ( 1 - 1 ) . . 
JF=I 
G O JO 2 8 2 2 

2722 C O N T I N U E • . ' 
2 8 2 2 C O N T I N U E 

L M B = N D V E C ( J F 1 - J J 

278 

C A L L V E C M U L ( N N O D E , L E N ) 

rOR W A T E R T A B L E A Q U I T A R D , A D D B O U L T O N ' S D E L A Y E D Y I E L D . 

I F ( l A Q T A . E Q . O ) GO T O 2 7 8 
C A L L G V M U D ( L V S T , ES, 1) 
I F ( I T . E Q . l ) GO TO 278 
FTERM=0.5*DELT<=SFAC 
C A L L G K M O D t L V S T , FTERM) 
C O N T I N U E 
H W = H O 
N D H = N 0 V E C ( 1 J 
N D R O = L M B 
CALL D M D F IX ( HH, HO, N N O D E , NBD, N DW, 
I F d B O U N D . E Q . O ) J B 0 l N B W + l) = 0 

N O R O , N B W , N S C R E N t R H ) 

: S T O R E E L E M E N T S O F M A T R I X GK F O R D I S C H A R G E C O M P U T A T I ON-

D O 1378 I « 1 , N B W 

J J = J B D ( I ) 

1378 G P ( I ) = GK(JJ, n 

; SET UP L O O P F O R W E L L D I S C H A R G E I T E R A T I O N . 

D O 993 I Q = 1 , N Q I T E R 
D O 1559 I « l , N N O D E 
H ( I ) = H I N T ( I , 1 ) 

1559 C O N T I N U E 

; SET I D A R C Y 

D O 99 I « I , N E L E M 
I O A R C Y ( I ) « J D A R C Y ( I ) 

9 9 C O N T I N U E 

; A D J U S T V A L U E O F W E L L D R A W D O W N 

W R I T E Í N P R I M T , 5 0 0 3 1 
50 0 3 F O R M A T {/, 5X, 10( «5) 

C A L L F Q S E T ( IT, ITC'JRtOELT, FQ,TPAT) 
C A L L S W H O D Í I O , IT ,RC SNG , OFLT , QF I X, QAQFR, SWOL D, DSOL D, T P A T , F Q ) 
W R I T E ( N P R I N T , 033 ) I(},nSW( 10) ,SW( IT ) 
F O R M A T I / / / , l O X , « D I S C H A R G E I T E R A T I O N N U M B E R = * , I 1 0 , / / , 

1 l O X , « D R A W Ü Ü H N I N C R E M E N T = « , F 1 0 . 3 t / / . 
2 l O X f « D R A W D O W N VALUE «'fFlO.ai 

833 
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C  SET UP LOOP FOR ITERATION D̂ HtAO 
C 

00 1177 1=1,N»W 
DISP( n = SH(l T)i-HO 

1177 CONTÌNUE 
NITER«5 
IF{ BKMfiX.LE.O.O) VITER«l 
VC0UNT = 0 
DO 999 II 1=1,NITER 

C 
C  INITIALISE VECTOR CK, 
C 

DO 30 5 I»1,NN0DE 
CK( I, U=GK(I ,1} 

305 CONTINUE 
C 
C  FORM VECTOR VCORE. 
C 

DO 300 I=1,LEN 
VCOREd )=0.0 

300 CONTINUE 
NT=:0 
NDIFF=2 
CALL INFLUC( NN.NDIFF) 
DO 350 I=I,NELEM 
NN=ITYPE(I) 
IF{IPROP(n.EQ.OJ GO TO 755 
L=IPROP{I) 
AKK=AKL(L) 
BKK=BKL(L) 
PKK = PML{L )' 
GO TO 365 

755 CONTINUE 
AKK=AGP 
BKK̂BGP 
PKK=PMGP 

365 CONTINUE 
IF(NN,EQ.3I GO TO 465 
CALL ELGNCRC1,11 I,AKK,BKK,NT, PKK} 
GO TO 565 

• 465 CONTINUE 
NT»NREP(I> 
CALL ELGNCTiI,III,AKK,BKK,NT, VCOUNT,PKkl 

565 CONTINUE 
CALL KERB3INN,I) 

350 CONTINUE 
C 
G  INITIALISE VECTOR VK. 
C  ̂

00 978 1=1,LEN 
VK(I)=0.0 

978 CONTINUE 
IF(IAQTA.EQ.O) GO TO 555 
CALL GVH0D(LVST,ES,0) 

. 555 CONTINUE 
DO 530 1=1,LEN 
VKt I )=VCOREi I)*DELT»0.5-e-VD{n tVKi I) 

530 CONTINUE 
NLEN=0 
JJ=JBD(NBW) 
DO 98 1=1,JJ 
NLEN=NLEN+NBAND(I) 

98 CONTINUE 
DO 378 I=1,NLEN 

378 VSiI)=VK(I) 
C 
C  SOLVE EQNS BY BANDED ELIMINATION SCHEME 
C 

NLL=l 
CALL SYKSOLiNNODEfNLL) 

C 
IF(III.EQ-l) GO TO 900 

415 CONTINUE 
NCOUNT'O 
EMAX=0,0 
DO 450 I«=1,NN0DE 
EPSI=CK(I,1)-H(li 
IF{ABS(EPSI).GT.EMAX) EMAX=ABS(EPS I) 
IF(ABS(EPSIl-LE.HrOLJ  GO TO 460 
NCOUNT«NCOUMT+l 
Hin = H(H+ORELAX«EPSI 
GO TO 450 

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

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

900 CONTINUE 
DO 950 I«1,NNOOE 
HCII«CK(l,l) 
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950 CONTINUE 
1999 CONTINUE 

IF(NITER.EQ.IJ GO TO 999 
DO 19 9 I»1,NELCM 
NT«NP>EP(I) 
NN°ITYPE(I) 
IFIIPROPiD.GO.O) L=I 
IFi IPROPl 1) •NE.O) L = IPROP(n 
AK=AKL(L) 
BK=BKL(L> 
PHK=PML{L) 
VCR'̂ VCRLiLl 
CALL SETARG( AGP, BGP ,PMGP, VGP, AK,BK,PKK, VCR,I) 
IF(NN.EQ.3) GO TO 399 
CALL VCHECRd, AK»BK,NTrPMK,VCR,HRRX,HRRY,NN» 
GO TO 499 

399 CONTINUE 
Jl=NODlI, I) 
J2=N0D(I,2) 
.J3=N0D(I,3> 
CALL VCHEC3( I,AK,BK|Jl, J2,J3tNT,PMK,VCR,HRRXiHRRY) 

A99 CONTINUE 
199 CONTINUE 
999 CONTINUE 
1000 CONTINUE 

HRITE(NPRINT,413) II I 
413 FORMAT (///,IOX, «NUMBER OF ITERATIONS REQUIRED =»,15 »  

WRITE(NPRINT,473)NC0UNT,EMAX 
473 FORMAT!//, lOX, 'TOLERANCE COUNTER FOR HEAD =»,I3,// ,  

I lOX,'ABSOLUT E MAXIMUM ERROR IN HEAD =««F12.4 )  
DO A70 I = 1',NN0DE 
H(n = CK(I,I) 
IF((1TCUR,GT-IT) .AND. ( I Q. EQ. IJ) TLESS( n=TLESS { I) *TH/TMM 
HLFSS{n={HO-H(I n/CUNST 

470 CONTINUE 
C 
C CHEC K FOR ACCURACY OF DISCHARGE RATIO. 
C 

DWD=DSW(IQ) 
CALL AQDIS(NBW,QAQFR,QRDIF,DELT,TH,RCSNGfIQ»QFIX,DWD) 

; PRIN T FINAL DISCHARGE VALUES. 

QCALL̂ QCALCiIQ) 
QSTRGn=QCALL-QAQFR 
WRITEiNPR INT, 1203)QAQFR,QSTRGE,QCALL,0RDIF 

1203 FORMAT(///,IOX,'DISCHARGE FROM AQUIFER INTO WELL »•,Fl2.A,// t  
I lOX,'DISCHARG E FROMM WELL STORAGE =',F12.3,// ,  
1 lOX,'TOTA L CALCULATED DISCHARGE =*,F14.3,// ,  
210X,'RESIDUAL DISCHARGE =•,F10.4 )  
IF(QRDIF.LE.QRTOL) GO TO 1102 

998 CONTINUE 
1102 CONTINUE 

I RESE T JDARCY. 

DO 3359 I=I,NELEM 
JDARCY(I}=IDARCYin 

3359 CONTINUE 
SWOLD=SH( IT) 
CALL ROUT(NNOOEI 

: COMPUT E AND PRINT ELEMENT VELOCITIES 

557 IF(IVEL.EQ.O) GO TO 
WRITE(NPRINT,4203) ̂  ,  

ELEMENT VELOCITIES »« /  

20X 
310X,*ELFM NO.',10X,'RADIAL VEL',lOX,'VERTIC VEL•,lOX,'IDARCY',///I 
DO 3000 I=l,NELEM 
NT-NREPd) 
NN'ITYPEd) 
IF(IPROPCI).EQ.O) L«1 
IF( IPROPin.NE.O) L-IPROP(I) 
AK«AKL(L) 
BK=BKL(L) 
PMK=PML(L) 
VCR«VCRl(L) 
CALL SEfARG(AGP,BGP,PMGP,VGP,AK,BK,PHK,VCR,IJ 
IF(NN.EQ.3) GO TO 3999 
CALL VCHECRlI,AK,BK,NT,PMK,VCR.HRRX,HRRY,NN) 
GO TO 4̂)9 9 

3999 CONTINUE 
Jl̂ NOOd,!) 
J2=NOD(I,2) 

CALrvCHEC3lI.AK,BK.Jl,J2,J3.NT,PMK.VCR,HRRX,HRRYI 

4999 CONTINUE 
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VC0MP1«-VEL( IKHRRX 
VCOMP?.=-VEL{ n^^HRRY 
WRITE iNPRINT,1103)I,VCOMPI,VC0MP2,IDARCY(I) 

1103 FORMAT(10X,I5,2(10X,F10.3),10X,I5) 
3000 CONTINUE 
557 CONTINUE 

IF(IT.GT.ITMIN» G3 TO 577 

• TEKPORARY BLOCK. 

IFi ITCUR.GT. IT) GO TO 7000 
THIL=TM/IOOO. 
HRITE(NPRINT,333)THIL 
ITCUR«IT+1 
GO TO 677 

577 CONTINUE 
C 
: OBTAIN HEAD VALUES AT THE E^D OF TIME INTERVAL BY EXTRAPOLATION. 
r» 

THIL«TM/1000. 
HRITEINPRINT,333)TMIL 
00 477 I=1,NN0DE 
TLESS(n=TLESS{I)*TM/TMM 
H(I)=2.0*H(I)-HINT(1,1) 
HLESSd )= iHO-HCI) )/CUNST 

477 CONTINUE 
SHTEMP = SWOLD 
SW0L0=H{1)-H0 
QFR=QAQFR 
DWTEMP=SWOLO~SWTEMP . • 
QAQFR'=QFR^SWOLD/SWTEMP 
ACSNG=22.•RCSNG**2/7. 
TRK=ABS(ACSNG*DWTEHP*2./DELT) 
QCALL = QAQFRi-TRM»10.**3 
QRDIF=ABS(QFIX-QCALLl 
SW(1T)=SWGLD 
QSTRGE=QWSTR 
HRITE(NPRINT,1203)QAQFR,QSTRGE,QCALL,QROIF 

7009 CONTINUE 
CALL ROUTiNNODEI 

7000 CONTINUE ' _ 

C FOR WATER TABLE AQUITARD,CDMPUTE FIRST PORTION OF BOULTON* S INTEGRAL. 

IFCIAQTA. EQ.O) GO TO 6007 
DO 9007 I»^l,LVST 
L^NDVECdl 
HF( n=H(L ) 
FINT(I,l)=HINT{L,ll 

9007 CONTINUE 
CALL BSIMP(LVST,TH,DINDEX,Sy,DELT,IT,0» 
DO 8007 I=I,LVST 
L=NDVEC(I) 
HCOLDl I ) = H(L » 

e007 CONTINUE 
6007 CONTINUE 
7007 CONTINUE 

; PUNCH OUT SOLUTION AT FINAL TIME. 

CALL KPUNCH(NN0DE,2,ll 
CALL HPUNCH(LVEC,2,2) 

5000 CONTINUE 
4800 CONTINUE 

STOP 
END 
SUBROUTINE GXNODR{FRL£N,SCFAC,XLHAX,RW,RO,NMODE,NELEM,LVEC,NLAYR, 

IIPENTR,IDISCR) 

GENERATES DISCRETIZATION DATA. 

COMMON /CSOLV/VD(2000),HINT{3C0,1),IPR0P(200I 
COMMON /A0ISC/X(300,2),N0D(20(5,6),NRE?( 200).ITYPE1200) 
COMMON /BDISC/RVECt50).NDVECt50),XLEN(100) 
COMMON /ALAYR/AKL(3),BKL{3),VCRL(3),SSL( 3),THL(3),I REGL(3», 

^So///lELEM/NTRANU,'icO),NHl(4,l^ 
l4tl00),NDW8( 22) 
DATA NPRINT/3/ 
CALL DCRGN3(R0,RH,SCFAC,FRLEN,NRR,XLMAX» 
NRST-1 
THTO=0. 
NSTFR-l 
N0WB(l>»0 
DO 10 1«1,NLAYR 
THTO^THTO+THLIII 
NFR=NFRL(1) 
NDWOl1I=NCWB(l)+NFR 
IBEG-IREGLiIJ 
NHIN»NMINL(I i 
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CALL  NCRGRl  (NFR,IREG»NRRTNMIN,NSTFR,NRST,IPENTR,n 

10  CONTINUE 

CALL  NCRGR2(NRST,NRRtNLAYR,NSTFR) 

IF(lOISCR.^Q.O)  GO  TO  9A 

WRITE<NPRINT,33)NLAYR,NRR 

33  FORMATiUSZOX,«DISCRETISATION  0ATA«,7>,-

1 lOX,«NUMaER  OF  LAYERS  =',I5,//, 

2 lOX, «NUMi3ER  OF  SUBRCGIONS  «»,15) 

94  CONTINUE 

C 

C  DISCRETISE  ENTIRE  REGION  INTO  RECTANGULAR  ELEMENTS-

C 

KCREP=l 

NSTOR»! 

NTSEL=l 

DO  65  I=NRST,NRR 

DO  691  L=1,NLAYR 

WI=NHI(L»I) 

N2=NH2(L,n 

NFND1=NDBI{L,1) 

NFND2 = N0B?.(L,n 

NPAT=NTRAN(LtI) 

IF(NPAT.NE.O)  GO  TO  791 

CALL  RBL0CK(KCREP,NI,NFNDl,NFN02,NPAT,NTSEL) 

GO  TO  891 

791  CONTINUE 

CALL  BBL0CK(KCREP,N1,NFND1,NFN02,NPAT,NTSEL) 

691  CONTINUE 

NELEM=NTSEL-l 

DO  68  IE=N'STOR,NELEM 

I PROP!IE)=L 

68  CONTINUE 

NSTOR̂ NTSEL 

691  CONTINUE 

65  CONTINUE 

C 

C  PRINT  OUT  ELEMENT  DATA«, 

C 

NELEM = NTSEL-1 

IFdOISCR.EQ.Oi  GO  TO  104 

WRITEtNPRINT,B3) 

83  FORMAT(///,lOX,•IDENTIFICATION  OF  ELEMENT-NODE  CONMECTIONS«,///, 

112X,*ELEM  NO*,5X,'ITYPE*,5X,•NREP•,5X,•I  PROP•,5X,'NOOEl5X, 

I«NODE 2«i5X,•N0DE3«  » 5X,« N0DE4»  ,//) 

DO  80  I=1,NELEM 

NN=ITYPE(I) 

WRITE(NPRINT,93)I,I TYPE(1),^REP(I),I  PROPiIJ,(NODiI,K>,K=1,NN) 

93  FORMATII2X,9tI5,5X)) 

80  CONTINUE 

104  CONTINUE 

c  • '  .•  • 

C  GNERATE  NODE  COORDINATES. 

C 

RI = RW 

NS=l 

HM= 1 

DO  75  I=NRST,NRR 

DXG=XLEN(n 

ZI«=0.0 

DO  87  L=1,NLAYR 

TH=THL(L) 

NN=NH1{L,  1) 

CALL  COORDC(NS,MH,NN,OXGiTH,RI  iZn 

ZI = TH 

NS=NS-1 

RI»RI-DXG 

87  CONTINUE 

Rl-RI+DXG 

NS»NS+l 

75  CONTINUE 

ZI«0.0 

DO  877  L=l»NLAYR 

TH=>THHLJ 

NN«NH2<LfNRR) 

CALL  COOROC(N5,MH,NN,OXG,TH,RI,2n 

ZI«TH 

NS«NS-l 

RI«R1-DXG 

877  CONTINUE 

C 
c 

NNOT>E  =• MS 

lFnDI5CP.,Cg.O)  GO  TO  114 

HRITEtNPR liiT, 103) cv 

103  FORMAT(///,).CX,'NODAL  COORDIN ATES ' ,//»lOX,  • NODE • . 5X , 

l*R-COORO' ,5X,« /.-COORD• ,//! 

 ̂ DO  85  I='1,MN00E 

WRITE(NPR1NT, 113»I ,X{I ,1) fXd  ,2» 

113  FORMAT(lOX,I4,2Fll.2i 
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85 C O N T I N U E 
114 C O N T I N U E 

C 
c GENERATE TOP BOUNDARY COORDINATE VECTORS. 
c 

NOTO-^NS 
CALL T O P V E C ( T H T O , L V E C , N D T O » 

c 
C P R I N T OUT BOUNDARY COORDINATE VECTORS. 

W R I T E { N P R I N T , 2 2 3 ) 
223 F 0 R M A T ( / / / , 2 C X , « T O P BOUNDARY NODES AND RADIAL C O O R D I N A T E S ' , / / / , 

l l O X , 'NODE N U M & E R S 2 0 X , ' R-CODRDINA T£ • , / / ) 
DO 335 I = I , L V C C 
W R I T E ( N P R I N T , 3 3 3 ) N D V £ C ( n » R V E C d ) 

335 C O N T I N U E 
333 FORMAT ( l O X , 1 7 , 2 5 X , F 1 0 - 2 ) 

RETURN 
END 
S U B R O U T I N E NCRGRl i NFR, I REG, VRR,NMIN, N S T F R , N R S T , I P E N T R , L ) 

c 
C • GBJERATES D I S C R E T I Z A T I O N PARAMETERS: - NTRAN,NHl ,NH2 ,NDB1 ,NDB2 
G 

COMMON / A E L E M / N T R A N ( ^ , 1 0 0 ) , N H l ( 4 , 1 0 0 ) , N H 2 ( 4 , l D 0 ) , N D B l ( 4 , l D 0 ) , 
LK'DB2{ 10 0 ) , NDWB(22J 

KC=NFR 
NCOUNT=0 
DO 10 I=NRST,NRR 
I R G G = I R E G 
I F { ( I . E Q . N R S T ) . A N D . ( I P E N T R . N E . O ) J IRGG=0 
f'ICOUNT = NCOUNT-H 
i r i N C n U N T . L T . I R G G ) GO TO 20 
NCOUNT=0 
NHALF=NC/2 
NREM=NC-2'i 'NHALF 
I F i N R E M . G T . O ) GO TO 15 
f i C l = N C - l 
I F ( N C l . L T . N H I N ) GO TO 20 
N T R A N ( L , I )=2 
N C e N C l 
K H 2 ( L , I ) = N C 
N H l l L , I ) = NC + l 
GO TO 10 

15 C O N T I N U E 
N C l = N H A L F + l 
I F ( N C 1 . L T . N M I N J GO TO 20 . 
K T R A N i L , I ) « l 
NC»NC1 
N H 2 ( L , n : = N C 
N H U L , n = 2 * N H 2 ( L , I ) - l 
GO T O 10 

20 C O N T I N U E 
N H 2 ( L , n « N C 
N T R A N i L , I ) = 0 
N H 1 ( L , I ) = N H 2 ( L , I ) 

10 C O N T I N U E 
RETURN 
END 
SUBROUTINE NCRGR2(NRST, NRR,NL AYR, NSTFR) 

C 
C M O D I F I E S THE VALUES OF NDBl AND NDB2. 
C 

COMMON /AELEM/NTRAW ( 4 , 1 0 0 } , N H 1 ( 4 , 1 GO } , N H 2 { 4 , 100) , NDBl ( 4 , 1 001 , 
I N D B 2 ( 4 , 1 0 0 ) , N 0 W B { 2 2 ) 

NDBC=NSTFR 
DO 50 J=NRST,NRR 
N D B K 1 , J )=NDBC 
I F i N L A Y R . L T . 2 ) GO TO 56 
DO 55 L = 2 , N L A Y R 
N D B K L , J ) = N D B 1 ( L - 1 , J ) + N H l i L - l , J l - l 

55 C O N T I N U E 
56 C O N T I N U E 

L=NLAYR 
N D B C = N D B l ( L , J ) + N H 1 ( L , J I 

50 C O N T I N U E 
N R l « N R R - l 
DO 60 J « N R S T , N R l 
DO 65 L = l , N L A Y R 
N D B 2 ( L , J ) = N D 8 l ( L , J - H } 

6 5 C O N T I N U E 
60 C O N T I N U E 

K D B 2 < 1 , N R R ) » N D B C 
DO 75 L » 2 , N L A Y R 
K D B 2 { L , N R R ) = N 0 3 2 ( L - l , N R R ) * N H 2 ( L - ' l , N R R J - l 

75 C O N T I N U E 
RETURN 
END 
SUBROUTINE 0CRGN3(RO,RW,SCFAC,FRLEN,NRR,XLMAXJ 

C 
c - GENERATES D I S C R E T I Z A T I O N PARAMETERS:- NRR,XLEN 
C 
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c 

COMMON /BOISC/RVECÍ50Í,NÜVEC( 50I,XLEN{100) 
HAXNR'-eg 
XLEN(1 ) = FRLEN 
RLEN=RO-RW 
SUM=XLEN( 1) 
DO 10 I=2,MAXNR 
XLENi n=XLEH( I~H*SCFAC 
IF(XLEN{I ).GT.XLMAX1 XLENÍH X̂LMAX 
SUM=XLEN( n + SUM 
IFÍSUM.GT.RLEN) GO TO 20 

10 CONTINUE 
20 CONTINUE 

XREM»RLCN + XLEN{I J-SUM 
NRR«I 
OENOH=:I .«•SCFAC<'SCFAC**2 
XLENi I-2) = tXRFM+XLEN( I-U+XLEN( 1-2) ) /OENOM 
XLEN{I-l)=XLEN(I-2)»SCFAC 
XLEN( n=XLEN( I-l Ĵ SCFAC 
RETURN 
END 

• SUBROUTINE RBLOCK(KCREP,NI,NFNDI, NFND2,NPAT,NTSELI 

C  GENERATES ELEMENT CONNECTIVITIES IN BASIC RECTANGULAR BLOCKS. 
V 

DIMENSION ND(I,6) 

COMMON /ADISC/X{300,2»,NOD(200,6),NREP{200)» I TYPE(200) 
ND(1,1)=NFNDl 
ND(I,2)=NFN02 
ND(1,3)=NFND2+1 
ND{ l,4)=NF.iMDl + I 
IFÍNPAT.EQ.U GO TO 200 
NTEMP=Nl-2 
KST=NTSEL 
NLST=NST+NTEMP 
DO 40 Jl=NSr,NLST 
NREP{J1)»KCREP 
ITYPE{Jl)=4 
DO 50 K=l,4 
NOD(Jl,K)=ND(l,K)+(Jl-NST) . 

50 CONTINUE 
40 CONTINUE 

KCREP=KCREP<-1 " 
NTSEL«̂ NLST«-l 
GO TO 400 

200 CONTINUE 
ND(l»5)=NDCl,4) 
ND{l,4)=ND(l,5)+l 
N2=Nl/2+l 
NTEHP=N2-2 
NST̂ NTSEL 
NLST«NST<-NTEMP 
DO 260 Jl=NST,NLST 
NREPi J1) = KCREP 
ITYPE(JU=5 
NI=J1-NST 
NOD(Jl, l)=ND<l,l)+2*NI 
N00(Jl,4)=N0(1,4)+2*NI 
N0D(JI,5)=ND(I»5)+2*NI 
NOD(Jl,2)=ND(I,2)+NI 
NOD( Jl, 3) = ND( I, 3)+NI 

260 CONTINUE 
KCREP=KCREP<-1 
NTSEL=NLST+1 

400 CONTINUE 
RETURN 
END 
SUBROUTINE COORDC(NStMM,NN,DXG,TH,RIfZI) 

c 
C GENERATE S NODAL COORDINATES. 

COMMON /ADISC/X(300,2),NOD(200,6),NREPC200),ITYPE(200) 
COMMON /AS0LV/XX{5,90),XY(5t90) 
OY»TH/{NN-n 
DO 20 L»l,NN 

20 XX( ItD'RI 

DO 50 K=I,MM 
50 XY(K,1)«ZI 

DO 60 J=2,NN 
JMl»J-l 
DO 70 K=»1,MM 
XY(K, J)«XY{K,JMl)4-DY 

70 CONTINUE 
60 CONTINUE 

DO 00 J«1,MM 
DO 90 K«l,NN 
L«NN*( J-l )+K+NS-l 
X(Ltn X̂XiJ.K) 
X(L,2)=XY<J,K) 

90 CONTINUE 
80 CONTINUE 

c 
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NEN=NS4-(MM*NN»-1 
NŜ NEN+l 
RI«X(NEN,IJi DXG 
RETURN 
END 
SUBROUTINE TOPVEC{TH,LVEC,NDT01 

C 
C  COMPUTES RADIAL COORDINATES FOR SODES ALONG THE TOP BOUNDARY. 
C 

COMMON /AOISC/X1300» 2),N0D(200,6)»NREPi 200).I TYPE « 2001 
COMMON /BDISC/RVECi 50),NDVEC{50), XLEN(100J 
J=0 
DO 10 I=l,NDTO 
ZDIF = ABS(TH-X( 1,2) ) 
IFiZDIF.GT.O.OOl) GO TO 10 
J=J + l 
NOVEC(J)=I 
RVEC( J)=X(I, II 

10 CONTINUE 
LVEC=J 
' RETURN 
END 
SUBROUTINE EBFINRiLEN,NK,NN,LL) 

C 
C  SUBROUTINE TO COMPUTE BAiNDWIDTHS OF THE BANDED SYMMETRIC GROSS 
C  MATRIX. NBAND CONTAINS THE BANDWIDTHS, ID THE POSITION OF THE 
C  TERM ON THE DIAGONALS OF THE ORIGINAL MATRIX, LEN IS THE LENGTH 
C  THE VECTOR 
C 

DIMENSION LV{6} 
COMMON /ASOLV/ISTARTÌ300),NBAND{300),ID(300) 
COMMON  /ADISC/X(300,2),N0D(200,6),NREP(200},ITYPE{2001 

c 
00 20 I»1,LL 
NBANOi I )= 1 
ISTART(I)=I 

20 CONTINUE 
C 
C  SCAN THROUGH THE LOCATION VECTOR FOR EACH MEMBER TO FIND 
C  THE POSITION OF THE TERM FURTHEREST FROM THE DIAGONAL IN EACH ROW 
C 

00 25 1=1,NM 
NN=ITYPE(I) 
NF2=NN 
DO 30 J=l,NF2 
LV(J}«NODCI,J) 

30 CONTINUE 
DO 45 J»1,NF2 
IF{LV(J).EQ.0)G0 TO 45 
DO 40 K=1,NF2 
IF(LV(J).GT.LV(Ki) GO TO 40 
NW=LV{K)-LV(J)+l 
NR«LV(J) 
IF(NW.GT.NBAND{NR))  NBAND(NR)=NW 

40 CONTINUE 
45 CONTINUE 

C  SEARCH FOR THE FURTHEREST DFF-LEFT TERM 
C 

DO 55 J=I,NF2 
IF(LV(J),EQ.O) GO TO 55 
DO 65 K«1,NF2 
IFCLViJ).LT.LV{K)) GO TO 65 
NW=LV(K) 
NR'LViJ) 
IF(NW.LT,ISTARTiNRn ISTART(NR)=NH 

65 CONTINUE 
55 CONTINUE 
25 CONTINUE 

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

LEN=NBAND(l» 
DO 50 I«2,LL 
IF{NBAND( I)-NBA»4D(l-U.LT-0)  NBANDi 1) «NBAND { I-l )-I 
LEN'̂LEN+NBANDi I ) 

50 CONTINUE 
IDCl)=l 
DO 60 1=2,LL 

60 IDdJxIDil-D+NBANDil-ll 
RETURN 
END 
SICROUTINE ELGNCR(M,I1I,AK,BK,NT,PMKI 

C 
C  GENERATES ELEMENT MATRIX SELK FOR RECTANGULAR ELEMENTS. 

C 
COMMON /AOISC/X(300,21,NOD(200,6),NREP( 200),ITYPE(200) 
COMMON /AELEM/6A(150),SLX{150,6),SLY(150,6),SLLK(6, 6),EK(6,6) 
COMMON /VCnM/0R<{20 0),vrL{2D0),H(JOO),IDARCY(200),0(6,6) 
COMMON  /BELEM/£(6,6,3),F(6,6,3),0SHFZ(2,6) 
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Nhi»ITYPE<M) 
KK»NN-3 
IF(NREP{Mi.KQ.NT) GO TO 30 
NTaNREPiM) 
DO 10 J=1,NN 
DO 20 K=1,NN 
IF(J.GT.K) GO TO 20 
EKi J,K| = BAiNTJ«E('j,K,K.K)+F{ J,K,KK)/8A{NT) 
FK( J,K)=EK( J,K)*ORX(H) 

20 CONTINUE 
10 CONTINUE 
30 CONTINUE 

IF(IDARCY(M).EQ.O) GO TO 70 
500 CONTINUE 

CALL CONSTR(M,AK,BK,ACONST,NT,NN) 
GO TO 80 

70 CONTINUE 
ACONST=PHK 

80 CONTINUE 
DO AO J=l,NN 

' DO 50 K=1,NN 
IF(J.GT.K) GO TO 60 
SELK{J,K)=EK(J,K)*AC0NST 
GO TO 50 

60 SFLK(J,K) =̂SELK(K,Jl 
50 CONTINUE 
AO CONTINUE 
RETURN 
END 
SUBROUTINE- INFLUCi NN, NDIFF) 

C 
C  GENERATES FIRST SET OF INFLJENCE COEFFICIENTS FOR RECTANGULAR ELEMENTS. 
C 

COHMOM /BELEM/E{6,6,3>,F(6,6,3),DSHFZi2,6) 
DO 200 1=1,NDIFF 
Nf>!=I + 3 

GO TO CIO,30),J 
C 
C  4-NODES ELEM 
C 
10 CONTINUE 
DO 150 K»=1,A 
E(K,K, J) = l./3« . . 

150 F{K,K, J)=E(K,K,J> 
E( 1,2, J)«:-l./3. 
E{1,3,J)=-l,/6. 
Ed,4,J) = 1./6. 
EC2,3, J»=I./6. 
Ei2,',, J)«-l./6. 
Ei3,A,J)=-l./3. 
F(l,2, J)"=l./6. 
F(I,3,J)=-l./6. 
F(1,A,J)=-l./3. 
F{2,3,J) = -l-/3. 
F(2,4,Jl=-l./6-
FÍ3,4, J)=l./6. 
GO TO 500 

C 
C  5 NODES LEFT INCLUDED 
C 
30 CONTINUE 
Eil,l,Ji »  2./15. 
Ed,2,J) = -1./6. 
Ed,3,J) » 0.0 
E(1,4,J)»=  -1./30. 
Ed,5,J) «  1./15. 
E(2,2,J) =  1./3. 
E(2,3,J) »  1./6. 
E(2,4,Ji « 0.0 
E(2,5,J) « -1./3. 
Ei3,3,J) =  1./3-
.E(3,4,J) « -1./6. 
E(3,5,J) » -1./3. 
E{4,4,J} » 2./15. 
EC4,5,JI « 1./15, 
E(5,5,JJ »  8./15. 
F(1,1,J) « 7-/9. 
Fd,2,Ji «  1./6. 
F(1,3,J) « -1./6. 
FiI,4,J)«  1./9. 
Fd,5,JI « -8./9. 
F(2,2,J) "  1./3. 
F(2,3,J) « -1./3. 
F(2,4,J) - -1./6. 
F(2,5,J) «  0.0 
F(3,3,J) » 1./3. 
F(3,4,J) «  1./6. 
Fi3,5,JI - 0.0 
F(4,4,JI «  7./9. 
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F ( A , 5 , J ) = - 0 . / 9 , 
F ( 5 , 5 , J ) « 1 6 . / 9 . 

500 CONTINUn 
200 Cf3NTINUE 

RETURN 
END 
SUBROUTINE I N F L U D Í N N I 

e l e m e n t " ^^^ ^^ i n f l u e n c e c o e f f i c i e n t s f o r r e c t a n g u l a r 

D I M E N S I O N Z E N ( 6 , 2 ) , Z E ( 1 » 2 ) 
COMMON / B E L £ M / C { 6 , 6 » 3 ) , G ( 6 , 6 . 3 ) , 0 S H F Z ( 2 , 6 Í 
JP«1 
K=NN-3 

Z E N ( 2 , I ) = K 
Z E N ( 3 , l ) = l . 
ZEN{4 , 
Z F N { I , 2 ) = - 1 . 
2 E N ( 2 , 2 ) = - l . 
Z E N ( 3 , 2 ) = I . 
Z E N { A , 2 ) = l . 
2 E N ( 5 , U = 0 . 
Z E N ( 5 , 2 ) = - 1 . 
Z E ( I , 1 J = 0 . 
Z E ( I , 2 ) = 0 . 
I F { K . E Q , 2 ) GO TO 50 

V-NODE ELEMENT. 

DO 2 1=1,NN 
T I « 1 . + Z E N ( I , l ) « Z E i J P , 1) 
T2 '= l . + Z E N ( I t 2 ) * Z E ( J P , 2 ) 
D S H F Z f I t i ) = . 2 5 * T 2 * Z e N { I , 1 ) 
D S H F Z Í 2 , I )= .2 5 '»TI»ZENi I ,2) 
0 ( 1 , I = 
I F ( I . L E . 3 ) G ( I , I + l , K ) = 2 . / 9 . 
I F ( I . L E - 2 ) G ( I , H - 2 , K ) = l . / 9 . 
I F d . E Q . l ) G ( I , 4 , K } = 2 . / 9 . 

2 CONTINUE 
GO TO 100 

50 CONTINUE 

if' W A T E R R r F C R c N C e 

\\ L I BRARY 

5-NODE ELEMENT WITH MIDDLE NODE ON S IDE 

Z l « Z E ( J P , l ) 
Z 2 « Z E ( J P , 2 ) 
P l « l . O * Z l 
S l = l , 0 - Z l 
P2»=1.0<-Z2 
S 2 = l . 0 - Z 2 
D S H F Z d . I ) = 0 . 2 5 * Z 2 » S 2 
DSHFZ( 1 , 4 ) — 0 . 2 5 « Z 2 * P 2 
DSHFZÍ 2, 1 ) = - 0 . 2 5 * S l * { S 2 - Z 2 ) 
DSHFZ(2»4 ) = 0 . 2 5 « S l * ÍP2+Z2) 

D S H F Z Í I , 2 ) = 0 , 2 5 * S 2 
D S H F Z l l , 3 ) = 0 . 2 5 * P 2 
DSHFZ Í 2 ,2 l=-0.25=^Pl 
D S H F Z ( 2 , 3 ) = - D S H F Z Í 2 , 2 ) 

D S H F Z Í 1 , 5 ) = - 0 , 5 * S 2 » P 2 
DSHFZ12, 5 J = - Z 2 * S l 

G i I t l , K ) = 0 . 1 7 7 7 7 7 
G ( l , 2 , K ) = 0 . 1 1 l l l l 
G i l , 3 , K ) = 0 . 0 0 0 0 0 
G ( 1, 4, K ) = - 0 . 4 4 4 4 E - 0 1 
G Í 1, 5 ,K J = 0 . 8 8 8 6 8 6 E - 0 1 
G Í 2 , 2 , K ) = 0 . 4 4 4 4 4 4 
G 1 2 , 3 , K ) = 0 . 2 2 2 2 2 2 

" G ( 2 , 4 , K ) = 0 . 3 72529E -09 
G ( 2 , 5 , K ) = 0 .222222 
G Í 3 , 3 , K ) = 0 . 4 4 4 4 4 4 
G Í 3 , 4 , K ) = 0 . 1 m i l 
G ( 3 , 5 , K ) = 0 . 2 2 2 2 2 2 
G ( 4 , 4 , K 1 = 0 . 1 7 7 7 7 7 
G i 4 , 5 , K ) = 0 . C 8 08 8 6 E - 0 l 
G l 5 , 5 , K ) - 0 . 7 l l l U 

100 CONTINUE 
RETURN 
END 
SUBROUTINE F L G N O R Í N T , S C , H , D E T , N N P ) 

GENERATES ELEMENT MATRIX D FOR RECTANGULAR ELEMENTS. 

D I M E N S I O N T J ( 2 , 2 I 
COMMON / A O I S C / X ( 3 0 0 , 2 ) , N G 0 ( 2 0 0 , 6 ) , N R E P Í 2 0 0 ) . I T Y P E ( 2 0 0 I 
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COMMON  /AELEM/0A{15O),SLX( 150.6),SLY(150,6}  ,SELK(6,6»,EK(6,61 

COMMON  /BtLFM/F(6,6,3),G{6t6,3»,DSHrZ{2,6) 

COMMON  /VCOM/ORX(200),VEL(2D0  J,Hi300),IDARCY(200)tD(6,6) 

Jl«NOD(M,l) 

J2eN0D(M,2) 

J3=N00(M,3) 

JA=N0D(M,4) 

0RX(M)  = (X(Jl,l)  + X(J2,l)  ĵ'O.S 

IF(NREP(M),L-Q.NT)  GO  TO  50 

NT=NREP(M) 

NN»ITYPE(M1 

K=NN-3 

BB=ABS(X( J4,  2)-X(Jl,2n 

AA=ABS{X{ J3,  l)-X(Jl,in 

BA{NT)̂ B5/AA 

DET=  AA>i=BB/'<i-, 

TJ(1,  n=2./AA 

TJ{2,2»=2./BB 

IF(NNP,EQ.NN)  GO  TO  15 

CALL  INFLUD(NN) 

15  CONTINUE 

NNP=NN 

DO  10  1=1,NN 

SLX{NT,I)=TJ(l,ll«DSHFZ(l,I) 

SLY{NT,I  )=TJ(2»2)<'DSHFZ(2,n 

10  CONTINUE 

C 

C  FORM  CLEMENT  MATRIX:-D 

C 

DO  100  1=1,NN 

DO  100  J=l',NN 

IF(J-n  105,110,110 

110  D{I,J)=ORX(M)«SĈ 'DET*G(I,  J,K) 

GO  TO  100 

105  D(I,J)  = D( J,I) 

100  CONTINUE 

50  CONTINUE 

RETURN 

END 

SUBROUTINE  CONSTRi H ,AK, BK, ACONST, NT, NN) 

C 

C  COMPUTES  THE  VALUE  OF  NCN-LINEAR  COEFFICIENT  FOR  RECTANGULAR  ELEMENTS, 

C 

COMMON  /ADISC/X{30O,2),NOD{2OO,6),NREP( 200),I  TYPE(200) 

COMMON  /AELEM/BA{15 0),SLX(150,6), SLY(150,6),SELK(6,  6),EK(6,6) 

COMMON  /VCOM/ORX(200),VEL(200),H(300),IDARCY(200),Di6,6) 

HX=0-0 

HY=0.0 

DO  10  JN=1,NN 

J=NOD(M,JN) 

HX>=HX+SLX(NT, JN)*H(  J> 

HY=HY+SLY(NT,JN)«H(J) 

10  CONTINUE 

HS=ABS(SQRT(MX*«2+HY*»2)) 

C 

C  EVALUATES  ELEMENT  VELOCITY. 

C 

TEMP=0.5<'AK<-SQRT(0.  25»AK#*2<-BK*HS) 

VEL(M)=HS/TEMP 

AC0NST«1./TEMP 

RETURN 

END 

SUBROUTINE  VCHECR{M,AK,BK,NT,PMK,VCR,GRRX,GRRY,NNJ 

C 

C  COMPUTES  ELEMENT  VELOCITIES  AND  CHEK  IF  A  PARTICULAR  ELEMENT  BELONGS  TO 

C DARCY  OR  NON-DARCY  FLOW  ZOSE. 

c 
COMMON  /AELEM/BA( 150), SLX( 150 , 6) , SLY( 150, 6)  , SELK{ 6, 6) ,E K( 6,6» 

COMMON  /VCOM/ORX{200),Vr.L(200 ),Hl  300),IDARCYl200),D(6,6) 

COMMON  /ADISC/X(3D0,2i,N0D(200,6),NREPi200),I  TYPE(200) 

HX«=0.0 

HY«0.0 

DO  10  JN=1,NN 

jiNOO(M,JN) 

HX«HX«̂ SLX(NT, JN)*H(  J) 

HY»HY+SLY(NT,JN)*H(J) 

10  CONTINUE 

HS=ABS{SQRT(HX*»2<-HY**2)) 

GRRX=HX/HS 

GRRY«HY/HS 

1F(IDARCY(M).EQ.O)  GO  TO  20 

TEMP«0.5'»'AK + SQRT(0. 25*AK»*2«̂B K»HS  ) 

VELiM)«HS/TEMP 

IF(ABS(VELiM)).LE.VCR)  IDARCY(M)«0 

GO  TO  30 

20  CONTINUE 

VEL(M)«PMK»HS 

IF(ABS(VEL(Mll.GT.VCR)  IDARCYiM»-l 

30  CONTINUE 

RETURN 
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END 
SUBROUTINE BMOFIX(HW,HO,NNOOEtN8D,NOW,NDRO,N8W, NSCREN,RH) 

C 
C IDENTIFIES NODES WHERE HEAD VALUES ARE PRESCRIBED. 
C 

COMMON /AOISC/X{300 , 2 ) ,N0D{20 0 ,6 ) ,NREP{ 2 0 0 } , I TYPE 12001 
COMMON / B D I S C / R V E C ( 5 0 ) » N D V E C l 5 0 ) , J B D ( 5 0 ) , 0 I S P ( 5 0 i 
COMMON /WSCREN/XSCR(51,HSCR(5) 
K=0 
NFND=1 
00 30 1»I,NSCREN 
X S T « X S C R ( n - o . o i 
XENO«XST + HSCR( n < - 0 . 0 2 
DO /i0 J = ltNNODE 
L=«̂ NFND + J - 1 
I F ( L . E Q . l ) GO TO 222 
I F ( X ( L , 1 ) , G T . R W ) GO TO 30 

222 CONTINUE 
I F ( ( X ( L , 2 ) . L T . X S T K 0 R . { X ( L , 2 ) .GT.XENDJ) GO TO 70 

2 2 K = K - H 
JBD(K)=L 
DISP(K)=HH 
GO TO ^0 

70 I F ( X ( L , 2 ) . G T . X E N D ) GO TO 30 
40 CONTINUE 

NFND=L+1 
30 CONTINUE 

J=K 
NBW=J 
NST=NNODE-NDRO+l 
DO 25 I=NST,NNODE 
J=J + 1 
J B O { J ) = I 
D ISP(J)=HO 

25 CONTINUE 
NBD=J 
RETURN 
END 
SUBROUTINE BNDFIX( IPENTR, ZB, HW, HO , NNODE ,NBDt NDW,NDRO, NBHi 

C 
C LOCATES NODES WHERE HEAD VALUES ARE FIXED. 
C 

COMMON / A D I S C / X { 3 0 0 , 2 ) , N O D ( 2 0 0 , 6 ) , N R E P { 2 0 0 ) , I TYPE(200) 
COMMON /BDISC/RVEC(50 ) ,NDVECl50 ) ,JBD(50 ) ,01SP(50 ) 
ZT0L=0 .01 
J ' O 
DO 10 I»1,NDW 
Z D I F = X ( I , 2 ) - Z B 
1F( IPENTR,NE.O) Z D I F = - Z 0 I F 
I F ( Z D I F . G T . Z T O L ) GO TO 10 
J » J + 1 
J B D ( J ) = I 
DISP(J)=HW 

10 CONTINUE 
NBW=J 
NST»NN0DE-NDR0+1 
DO 25 I=NST, NNODE 
J=J + l 
J B D i J ) = I 
DISP{J)=HO 

25 CONTINUE 
NBD=J 
RETURN 
END 
SUBROUTINE MERB3(N,M) 

C 
C HERGES ELEMENT MATRIX SELK INTO GROSS VECTOR VCORE. 
C 

COMMON /AELEM/BA{I5 0 ) , S L X { i 5 0 , 6 ) , S L Y { 1 5 0 , 6 ) , S E L K i 6 , 6 ) , E K ( 6 , 6 ) 
COMMON /ADI SC/X( 3 0 0 , 2 ) , NO D( 20 0 , 6 ) , NRE P{ 200 i , I TY PE (200 ) 
COMMON /ASOLV/ ISTART(300 ) ,N3ANU(300 ) , ID (300 ) 
COMMON /ACORE/VCOR.E (2000) 
DO 10 1=1 ,N 
IK=N0D(M, I ) 
I F ( I K . E Q . O ) GO TO 10 
DO 20 J « l , N 
JKeNOD(M,J) 
i F d K . G T . J K ) GO TO 20 
IPOS«I D ( I K ) i -JK-IK 
VCORE(IPOS)=VCORE(IPOS)•SEL<( I ,J ) 

20 CONTINUE 
10 CONTINUE 

RETURN 
END 
SUBROUTINE MERBD(N,M) 

C 
C MERGES ELEMENT MATRIX D INTO GROSS VECTOR VD. 
C 

COMMON /ADISC/X( 300 , 2) ,NDD( 2 0 0 , 6 ) ,NREP{ 200) , I TYPE (2001 
COMMON /ASOLV/ISTART13 0 0 ) , N B A N D ( 3 0 0 ) , I D ( 3 0 0 ) 
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C O M M O N / C S 0 L V / V D ( 2 0 0 0 ) , H I N T i 3 0 0 » U , I P R O P ! 2 0 0 ) 

C O M M O N / V C O M / O r v X ( 2 0 0 ) , V E L ( 2 0 0 » , H ( 3 0 0 ) , I l ) A R C Y ( 2 0 0 ) , D C 6 , 6 ) 

0 0 1 0 1 » 1 , N 

I K « N 0 0 i M , n 

I F t l K . E Q . O J G O T O 1 0 

D O 2 0 

J K » N O D ( M , J ) 

I F ( I K . G T . J K ) G O T O 2 0 

I P O S = I D ( I K ) + J K - I K 

V D ( I P O S i = V D ( l P O S ) + D i I , J ) 

2 0 C O N T I N U E 

1 0 C O N T I N U E 

R E T U R N 

E N D 

S U B R O U T I N E S Y M S O L i L L , N L L ) 

C 

C S O L V E S A L I N E A R S Y M M E T R I C S Y S T E M O F L I N E A R E Q U A T I O N S B Y B A N D E D G A U S S I A N 
C E L I M I N A T I O N S C H E M E . 
C 

D I M E N S I O N V T E M P ( 9 0 ) 

C O M M O N / B D I S C / R V E C ( 5 0 ) , N D V E C ( 5 0 ) , J B O t 5 0 1 , O I S P ( 5 0 | 

C O M M O N / A S O L V / I S T A R T O O O ) tN{ 3 0 0 ) , I D U M i 3 0 0 ) 

C O M M O N / B S O L V / C ( 3 0 0 » 1 ) » V ( 2 0 0 0 ) 

D O U B L E P R E C I S I O N T E M P , V T E M P 

. J B O U N = I 

I D = I 

D O 1 0 I = I , L L 

T E M P > = V ( I D ) 

N E B = I D + N C I ) - I 

I O I = I D < - I 

I F d . E Q . J B O i J B O U N ) ) G O T O 1 6 

C 

C N O R M A L I S E R O W I 

C 

K K = 0 

V ( I D ) = 1 . 0 

I F ( I D I . G T . N E B ) G O T O 2 9 

D O 2 0 J = I 0 1 , N E B 

V T E H P { K K ) = V ( J ) 

2 0 V { J ) = V ( J ) / T E H P 

2 9 C O N T I N U E 

D O 2 5 L = 1 , N L L 

C ( I , L ) = C { I , L ) / T E M P 

2 5 C O N T I N U E 

C O T O 4 6 

1 6 C O N T I N U E 

I F ( I D l . G T . N E B ) G O T O 3 9 

K K » 0 

D O 1 2 0 J = I D 1 , N E B 

K K « K K + 1 

V T E M P ( K K ) = V { J ) 

1 2 0 V ( J ) = 0 . 0 

3 9 C O N T I N U E 

D O 1 2 5 L = 1 , N L L 

1 2 5 C ( I , L ) = D I S P ( J B O U N ) 

J B O U N = J B O U N « - l 

C 

C E L I M I N A T I O N 

C 

4 6 C O N T I N U E 

I D J = I O 

I F ( I D l . G T . N E B ) G O T O 3 5 

K K = 0 

D O 3 0 J = I O l , N E B 

J l « J - I D l + I 

I D J = I O J + N { J I ) 

K K = K K + I 

I F C V T E M P C K K ) ) 5 0 f 3 0 t 5 0 

5 0 C O N T I N U E 

I F C J B O U N . E Q . I ) G O T O 2 4 0 

J B M 1 = J B 0 U N - 1 

I F ( I . E Q . J B O I J B M I ) ) G O T O 1 4 0 

2 4 0 1 D P « J 

D O 4 0 K = I D P i N E B 

K J « I O J + K - J 

4 0 V ( K J ) = V ( K J ) - V < K ) * V T E M P C K K ) 

1 4 0 C O N T I N U E 

N J s U J - I O 

D O 3 2 L « l , N L L 

C ( N J , L ) = C ( N J , L ) - C ( I . L ) » V T E M P ( K K ) 

3 2 C O N T I N U E 

3 0 C O N T I N U E 

3 5 C O N T I N U E 

I O » I O + N ( M 

1 0 C O N T I N U E 

C ' ̂  • 
C B A C K S U B S T I T U T I O N 

C 
I D - I D - l 
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LL1«LL-1 
DO 70 IB=l,Ll.l 
I«LLl-IB4-l 
ID=ID-N(I) 
IS«I+1 

DO 80 J=IS,IN 
NJ«ID+J-I 
DO 75 L'^ltNLL 
C(I,L)=C(I,LJ-C(J,LJ«V(NJ) 

75 CONTINUE 
60 CONTINUE 

. 70 CONTINUE 
RETURN 
END 
SUBROUTINE VDFBÍLVEC) 

C 
C GENERATES VECTOR VDTOP. 
C 

DIMENSION 0(2,2) 
COMMON /ADISC/X( 300, 2),NOD{ 200,6» ,NREP(200) ,ITYPE{2001 
COMMON /BOISC/RVEC(50),NOVEC{50),JB0{50),DISP{50) 
COMMON /ASOLV/ISTARTOOO) ,NBANDÍ300) ,10(300) 
COMMON /ADPARA/TLESSOOO) ,HLESS(300),GK(300, I) , VDT0P(200) 
NELT0P=LVEC-1 
NN=2 
ID(1)=1 
DO 10 I=2íLVEC 

10 IDlI)=10(I-l)+2 
LENT=2«LVEC-l 
DO 108 I«1,LENT 
VDTOPiI)=0.0 

108 CONTINUE 
DO 208 IE=1,NELT0P 
IN=NDVEC(IE) 
IP=NDVECi lE+l) 
RAVE=0.5*(X(IP,I)+X(IN,I)) 
RDIF=X{IP,1)-X(IN,I) 
DÍl,l)=RAVE*RDIF/3.0 
D(2,2)=D{1,1) 
D(1t2)«D(1,1)«0.5 
D{2,1)=D(1,2) 
DO 308 1=1,2 
IK«IE+(I-l) 
DO ^08 J=l,2 
JK=IE+(J-1) 
IF(IK.GT.JK) GO TO 408 
IPOS=ID(IK)+JK-IK 
VDTOPlIPOS)=VDTOP(IP0S1+D(I,J» 

408 CONTINUE 
308 CONTINUE 
20D CONTINUE 

RETURN 
END 
SUBROUTINE GVMODdACT, SY, IGHÍ 

C 
C MODIFIES VECTORS VK AND OK TO ACCOUNT FOR LEAKAGE FLUX ACROSS TOP 
C BOUNDARY. 
C 

COMMON /BOISC/RVECi50),NDVEC(50),JBD(50),DISP( 50 ) 
COMMON /ASQLV/ISTART(300),NBAND(300),10(300) 
COMMON /BS0LV/CK(300,1),VK(2000) 
COMMON /CSOLV/VD{2000),HINT(300,1),1PR0P(200) 
COMMON /ADPARA/TLESS(300),HLESS(300i,GKi300,U,V0T0P(200) 
DO 1078 L=1,LACT 
IPl=(L-l)•2+1 
IP2=IPl+l 
IPM=IP1-1 
VF1'=VDT0P(IP1)*SY 
VF2=0.0 
VFM=0.0 
IF(L.GT.l) VFM=V0T0P( IPM>*SY 
1F(L.LT.LACT) VF2=VDTOP(IP2)«SY 
I-NDVEC(L) 
J1«=I 
J2«J1 
JM=Jl 
IFIL.LT.LACT) J 2 » N 0 V E C ( ) 
IFiL.GT.l) JM=NOVEC(L-1 ) 
SUM = VFl«HINT( Jl, 1 )<^VF2»HINT( J2, 1) •VFM*HINT{ JM, 11 
IF(IGK.GT.O) GKiJl, 1) = GK(J I,I)+SUH 
IF(IGK.GT.O) GO TO 1070 
IS«ID(I) 
VK(IS)«VK(IS}-»VFl 
•IL = I S+N3AND( n - l 
VK( IL)«VKiIL) + VF2 

1078 CONTINUE 
RETURN 
END 
SUBROUTINE GKMODILACT,SY) 
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c 
C M O D I F I E S M A T R I X GK TO T A K E IMTO ACCOUNT LEAKAGE F L U X E S . 
C 

COMMON /BOX S C / R V r C t 50 y , N 0 v e c ( 5 0 ) , J O O i 5 0 ) , 0 I S P { 5 0 ) 
COMMON / A L h A K / Q L E A K {50} , H C 0 L D ( 5 0 ) , Hr-( 5 0 ) , F I N T ( 50, 1) , G P ( 4 0 > 
COMMON / A O P A R A / T L E S S ( 3 0 0 ) , H L E S S 1 3 0 0 ) , G K ( 3 0 0 i I ) , V D T 0 P { 2 0 0 ) 
DO 1078 L = l , L A C T 

I P 2 = I P U l 
I P M ' I P l - I 
V F 1 = V 0 T 0 P ( I P I ) * S Y 
V F 2 = 0 . 0 
V F M = 0 . 0 
I F ( L . G T . l ) V F M = V D T O P ( I P M ) * S Y 
I F ( L . L T , L ACT ) VF 2= VDTOP i I P 2) • SY 
I « N O V E C ( L ) 
J l = I 
L H = L 
L P = L 
I F i L . L T . L A C T ) LP=L«-1 
I F ( L . G T , l ) L M = L - l 
S U M = V F l * Q L E A K i l . ) < - V F 2 * Q L E A K ( L P } + V F M « Q L E A K ( L M ) 
G K ( J l , l ) = G K i J 1 , 1 ) + S U M 

1078 C O N T I N U E 
•RETURN 

END 
S U B R O U T I N E B B L O C K l K C R E P , N l , NFNO1, N F N D 2 , N P A T , N T S E L » 

C 
C G E N E R A T E S ELEMENT C O N N E C T I V I T I E S I N BASIC B L O C K S . 
C 

D I M E N S I O N N D ( 3 , 3 ) 
COMMON / A D I S C / X ( 3 0 0 , 2 1 , N O D ( 2 0 0 , 6 ) , N R E P < 2 0 0 ) , I T Y P E ( 2 0 0 J 
N D ( 1 , 1 ) = N F N D I 
N D ( l » 2 ) = N F N D 2 
ND{ 1 , 3 ) = N F N D I H 
N D { 2 t 1) = N D ( I , 3) 
N D ( 2 , 2 ) = N D ( 1 , 2 1 
N D { 2 , 3 ) = N D ( l , 2 ) i - l .. 
I F ( N P A T . E Q . l ) GO TO 200 
I F i N P A T . E Q . O l GO TO 265 
N T E M P = N I - 2 
DO 90 J J « = 1 , 2 
N S T » N T S E L 
N L S T « N S T + N T E M P 
DO 40 J 1 = N S T , N L S T 
N R E P ( J U = KCREP 
KCREP=KCREP4-1 
DO 50 K = l , 3 ^ 
N O D ( J I , K ) = N D ( J J , K ) + I J 1 - N S T ) 

50 C O N T I N U E 
AO C O N T I N U E 

N T E M P = N T E M P - l 
N T S E L = N L S T - H 

90 C O N T I N U E 
GO T O 400 

200 C O N T I N U E 
N D ( 3 , 1 ) = N D ( 2 , 1 ) 
N D ( 3 , 2 ) = N D ( 2 , 2)<-I 
N D ( 3 , 3 ) = N 0 ( 3 , l ) + l 
N T E M P » t N I - I ) / 2 - 1 
L l = 2 
L 2 = l 
DO 250 J J = I , 3 
L 3 = 2 
I F ( J J . E Q . 2 ) L 3 = l 
N S T = N T S E L 
N L S T = N S T + N T c M P 
DO 260 J l ^ N S T . N L S T 
N R E P ( J l ) = K C R E P 
I T Y P E ( J U « 3 
DO 2 7 0 K = l , 3 
I F { K . E Q . l ) L L = L 1 
I F { K . E Q . 2 ) L L = L 2 
I F { K . E Q . 3 ) L L » L 3 
NOD ( J I , K ) *ND ( J J , K ) ( J l - N S T ) L 

270 C O N T I N U E 
260 C O N T I N U E 

K C R E P = K C R E P + l 
N T S E L = N L S T - H 

2 5 0 C O N T I N U E 
GO T O 400 

265 C O N T I N U E 
N T E M P ^ N l - 2 
DO 190 J J « l t 2 
N S T ' N T S E L 
N L S T « N S T + N T E M P 
DO 140 J l ' N S T f N L S T 
N R E P i J 1 ) « K C R E P 
I T Y P E ( J n ' 3 
DO 150 K « l , 3 
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NOD{ JltK>»Mn{ JJ,KH-(J1-NST) 
150 CONTINUE 
l<tO CONTINUE 

KCREP = KCREP4- I 
NTSEL = NLSTi-I 

190 CONTINUE 
400 CONTINUE 

RETURN 
END 

SUBROUTINE HREA0ÍNN0D6, L,INDEX) 
C 
C  READS IN INITIAL  NODAL VALUES. 
C 

COMMON /WORKA/VHORK(500) 
COMMON /VC0M/ORX(200),VEL(200),H(300),IDARCY{200),0(6,6 ) 
COMMON /ALEAK/QLEAK(50Í,HCOLO{50),HF(50 J,FI NTÍ50,1),GP(40) 
REAO{L,3)NNOOE 
NPOINT'NNODE 

3 FORMATiIIOJ 
NCARD=NP0INT/ 6 
NCARDT=NCARD+1 
IST=I 

DO 10 J=l,NCARD 
IEND=IST4-5 

READ(L, 13 )I\/H0RK(I ) ,I-IST,1END) 
13.FORMAT(6E13.5 ) 

IST = IENDi-l 
10 CONTINUE 
NREM=NP0INT-NCARD* 6 
IEND=I STi-NREM-l 
READ(L, 13)(VW0RK(I ),I=IST,IEND) 
DO 15  I=lfNPOINT 
1F( INDEX.EQ. 1) H(I)=VWORK(n 
IF( INDEX.EQ.2)QLEAK{I) = VWÜRK( IJ 

15 CONTINUE 
RETURN 
END 
SUBROUTINE ELGN03ÍNT,SC,M) 

C 
C  GENERATES MATRIX D FOR TRIANGULAR ELMENTS. 
C 

COMMON  /ADISC/X(300,2),NaD{200,6),NREP(200),ITYPEÍ200) 
COMMON /CELEM/ELK(3,3, 150),Rl 1 50, 3 ), C { 150, 31 , AREA (1 50) 
COMMON /VCOM/ORX(20 0),VEL Í200 J,Hi 300),lOARCY(200),D(6,6 ) 
J1«=N0D(H,1) 
J2«N0D{M,2) 
J3=N0D(M,3) 
ORXÍH) = (X(JI, 1)+X( J2, 1)<X(J3, l))/3. 
IF(NRFP{M).EQ,NT)  GO TO 50 
NT=NREP(M) 
XJ=X(J2,1J-X(Jl,1 ) 
XM«X(J3,1)-X(Jl,l ) 
YJîXC J2,2 J~X( Jl,2) 
YH=X{J3,2)-X(Jl,2 ) 
AREA(NT)=0.5*(XJ*YM-XM*YJ ) 
AFUN«2-*AREA(NT ) 
BCNT,1)={YJ-YM)/AFU N 
BINT,2)=  CYM)/AFUN 
BÍNT,3)= (-YJ)/AFUN 
C«NT,1)=(XM-XJ1/AFU N 
C(NT,2)=  i-XM}/AFUN 
C(NT,3)=  (XJ)/AFUN 
DO 100 1=1,3 
DO 100 J=l,3 
IF(J-I)  105,110,110 

110 ELK(I,J,NT) = BÍNT,I)*BÍNT,J)+C(NT,I)«C(NT,J J 

GO TO 100 
105 ELKd, J,NT) = ELK(J,I,NT) 
100 CONTINUE 

C 

c  FORM ELEMENT MATRIX:- D 

C 
0(1, 1)«0.5»ÜRX(M )#AREA(NT)*SC/3. 
D(2,2)»D( 1,1 ) 
DC3,3)=D(1,1 ) 
D(1,2)«D(1,1)«0. 5 
D{2,l)«0i1,2 ) 
D(1,3)=D(1,2 ) 
D(3,1)»D( 1,3) 
0(2,3)»0{1, 2 ) 
D(3,2)=0(2,3 ) 

50 CONTINUE 
RETURN 
END 

SUBROUTINE  ELGNCTIM,111.AK,BK,NT,VCOUNT,PMK ) 

C  GENERATES MATRIX SELK FCR TRIANGULAR ELEMENTS. 

COMMON /AELEM/BA(150),SLX(150,6),SLY(150,6),SELK(6,6),EK(6.6 ) 
COMMON  /AUISC/X(300,2),KOD(200,6),NREP1200),ITYPEI200 ) 
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COMMON /CELt-:M/nLK(3,3Tl50),B ( 150, 3 ), C ( 150, 3), AREA (1 50» 
COMMON /VCOM/nRX(200),VEL(20 0 Í,H{ 300 J,IOARCY(200),D{6,6 ) 
IF(IDARCYtMJ.EQ.OJ  GO TO 70 

500 CONTINUE 
J1 = N0D(M,IJ 
J2«N0DÍM,2) 
J3=N0D<M,3» 
CALL CONSTTÍM,AK,BK,AC0NST,J1,J2, J3,NTÍ 
GO TO 80 

"70 CONTINUE 
PX'PMK 

ACONST«PX«ORX(M l «AREAINT) 
80 CONTINUE 

c 
C CALCULATE ELEMENT MATRIX 
C 

DO 200 I«I,3 
DO 200 
SELK{ I, Jl=ACONST'i=ELK(I, J,NT) 

200 CONTINUE 
RETURN 
END 

SUBROUTINE CONSTT C M,AK,BK,ÁC3NST,J I, J2, J3, NT J 
c 
C  .COMPUTES NON-LINEAR COEFFICIENT FOR TRIANGULAR ELEMENTS. 
C 

COMMON  /CELEM/ELK{3r3,150),B(150,3),Cil50,3),AREA(150 ) 
COMMON /VCO>1/ORX{20 0),VEL(200 ),H( 3 00}, I OARC Y( 200) ,0(6,6) 
HX=B(NT,1 )>i=H( J1)+B(NT,2)*H( J2)+B(NT, 3}=!=H{J3) 
HY=CtNT,l J*H( Jl) <-C( NT,2)*H{J2)+C(NT,3)*H i J3) 
HS« ABS(  S,QRT(HX'!"!=2+HY**2) ) 
TEMP=0.5*AK+SQRT(0.25*AK**2+BK*HS J 
VEL(M}=HS/TEMP 
ACONST:=AREA{NT )«ORX(M)/TEMP 

500 CONTINUE 
RETURN 
END 
-SUBROUTINE VCHEC3( M, AK, BK, J1, J2, J3,NT,PMK,VCR,GRRX , GRRY ) 

c 
C  COMPUTES ELEMENT VELOCITIES FOR TRIANGULAR ELEMENTS. 
C 

COMMON /VCOM/ORX(200),VEL( 200J,H( 300) , IDARC YÍ 200J ,D(6,6I 
COMMON /CELEM/ELK(3,3,l50),B(I50,3),C(I50,3),AREAil5C) ) 
HX=B(NT,l)«HiJIJ+B(NT,21«HIJ2)+8(NT,3)*H(J3 ) 
HY=C(NT,1 i*H( Jl)+C{NT,2)*H( J2)+C(NT,3i«H(J3> 
HS« ABSi  SQRTCHX'i=+2<-HY«'*2)) 
GRRX=HX/HS 
GRRY=HY/HS 
IF(IDARCYÍM).EQ.O)  GO TO 20 
TEMP=0.5*AK̂ SQRT(0 . 25*AK+*2+8K*HS) 
VELtMj'HS/TEM P 
IFÍABS(VEL{M)).LE.VCR J  IDARCY(M)=0 
GO TO 30 

20 CONTINUE 
VEL(M)=PMK*HS 
IF(ABS(VEL(M )).GT.VCR)  IDARCY(M) = l 

30 CONTINUE 
RETURN 
END 
SUBROUTINE S ETARG( AGP,BGP, PMGP, VGP,AKK,BKK, PKK, VCR, IJ 

C 
C  IDENTIFIES ELEMENTS IN THE GRAVEL PACKED ZONE. 
C 

COMMON /CS0LV/VD(2000),HINT(300,l),IPR0P1200 ) 
IF( IPROPi n.EQ.O)  GO TO 20 
GO TO 10 

20 CONTINUE 
AKK'AGP 
BKK=BGP 
PKK=PMGP 
VCR̂ VGP 

10 CONTIfiUE 
RETURN 
END 
SUBROUTINE AQDIS(NLEN,QAQFR,QRDIF,0ELT,TH,RCSNG,IQ , OFIX,DWD) 

C 
C  COMPUTES TOTAL DISCHARGE INTO THE WELL. 

C 
COMMON /BDISC/RVEC{50),NDVFC{5 0 I,JBD(50) , DI SP { 50) 
COMMON /ASOLV/I STARUBCO) ,NR A ND (300 ) , 10 ( 300) 
COMMON /VCOM/ORX(200)i VFL(200),H{300),IDARCY ( 200),D(6,6) 
COMMON /BGCAL/VS(600),QWBÍ40) 
COMMON /ATIME/TIMEÍ60),SH(60i,DSW(5),0CALC{5 ) 
QSUM=0.0 
TWPI''A4./7. 
CALL  OMULT(NLEN,QSUM) 
QSUMeABSiTWPI+QSUM)/(0-5+0ELT ) 
QAQFR«QSUM 
ACSNG«0.5*TWPI«RCSNG+* 2 
TRM«ABSÍACSNG»0W0*2«/DELT ) 
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QCALX = QAQFR+TRM*10.^'*3 
QRDIFnAlJSiQFlX-QCALXi 
QCALCdQI.QCALX 
RETURN 
END 
SUBROUTINE QHULTi NBW, QSUM) 

C 
C COMPUTES NODAL FLUXES AT WELL BOUNDARY. 
C 

COMMON /ALEAK/QLEAK(50),HCOLO{50},HFI50),FINT{50,li,GP(40) 
COMMON /ASOLV/ISTARTOOO) ,N3AND { 300) , 10 ( 3001 
COMMON /BQCAL/VKQ(600i , CWBCtO ) 
COMMON /BOISC/RVEC(50»,NOVEC(50),JBD{50 J,DISP{50i 
COMMON /VCOM/ORXiZOO),VEL(200),H(300>,IOARCY(200),0(6,6) 
DO 10 L=l,NBW 
I=J8D(L) 
IS = ID(I ) 
IL = ID(I)+NBAND(I)-I 
QWB(L)=0.0 
DO 20 J « IS, IL 
K=I+J-IS 
QWB{L)=QWB(L)+VKQ(J)*HiK) 

20 CONTINUE 
IF(I.EQ.I) GO TO 15 
II = 1-1 
IST= I START(1) 
DO 30 J= 1ST,II 
K « I I - Ĵ rl 
IP = ID(J) + K 
QWB(L) =QWB(LH-VKQ( IP)«H(J) 

30 CONTINUE 
15 CONTINUE 

QKB(L)=QWBiL)-GP(L) 
QSUM=QSU(H-QWB(LJ 

10 CONTINUE 
RETURN 
END 
SUBROUTINE ROUTiNNODEI 

C 
C PRINTS OUT HEAD VALUES. 
C 

COMMON /ADISC/X(300,2),NOD{200,6),NREP{200),ITYPE(200) 
C0MM0?4 /VC0M/0RX{200), VEL( 200 J,H( 300),IDARCY(200) ,0(6,6) 
COMMON /ADPARA/TLESS(300},HLESS(300J,VKD(300,1),VDTOP(200) 
DATA NPRINT/3/ 
HRITE(NPRINT,53) 

53 FORMAT(///) 
WRITE(NPRINT,3) 
HRITE(NPRINT,13) 
WRITE(NPRINT,23) 
WRITE(NPRINT,13) 
WRITE(NPRINT,3) 

3 F 0 R H A T ( 5 X , 5 0 ( ) ) 
13 F0RMAT(5X,'*',48X,•••) 
23 F0RMAT(5X,'»«,1IX,« FINAL RESULTS OF ANALYSIS*,12X, • 

WRITEiNPRINT, 33) 
DO 10 I=:1,NN0DE 
WRITE (NPRINT, 43) I, X (I, I), H( I) , TLESSi 1), HLESS (I) 

10 CONTINUE 
33 F0RHATi///,20X,« HEAD .VS. RADIUS AND l/U .VS. W(U)',///, 

1 lOX,•NODE«,10X,«R-C00RD',10X,«HEAD««l/U»,19X, 
l»W(U)«,//) 

43 F0RMAT(10X,I3,6X,F10.2,8X,F10.4,7X,E11.'^,10X,F10.^I 
RETURN 

SUBROUTINE ROEST(DIFFUS ,TM,LVEC,QFIX|TMIS,RO,NELEH,NNODE, NELTO, 
1 LST,LSTEL,LVST) 

C 
C ESTIMATES RADIUS OF INFLUENCE AT TIME TM. 
C 

COMMON /BDISC/RVECi50),NDVEC( 50),JBD(50),DISP(50J 
COMMON /VCOM/ORX(200),VEL(200),Mi300),IDARCY(200I,0(6,6) 
FPI»=88./7. 
C0NST«QFIX/(FPI«TMI S) 
DO 10 I=LVST,LVEC 
U»RVEC(I)»•2/(4.«DIFFUS+TM) 
WW=KiU» 
SDRAWaCONST*WW 
IF(SDRAW.GT.O.OOl) GO TO 10 
NNODE«NDVEC(n 
R O = R V E C ( n ; 
GO TO 20 

10 CONTINUE 
• NNODC«NDVEC(LVEC) 
RO=RVEC(LVECi 

20 CONTINUE 
LST=NN0DE 
LVST»I 
DO 30 I-LSTEL,NELTO 

• IFCORX(I).LT.RO) GO TO 30 
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NELEM»I-l 

GO TO 40 

30 CONTINUE 

NELEK«=NFLTO 

40 CONTINUE 

LSTEL*=NELEM 

RETURN 

END 

SUBROUTINE TIGEN(NT ICR ,TFACTR ,TMUL ,DTMUL ,RW ,PM ,SS , I WBC»QFIX ,TPAT) 

C 

C .GENERATES DISCRETE TIME VECTOR, TIME. 

C 

COMMON / A T I M E / T I K E ( 6 0 ) , S W ( 6 0 ) , D S W ( 5 J , Q C A L C t 5 ) 

S W S T = 0 . 8 

C U N = 2 2 . * R W * * 2 / ( 7 . « = Q F I X ) 

T IHE (11=TFACTR 

I F ( T P A T . E Q . 2 ) GO TO 15 

DO 10 I = 2 , N T I C R 

TIMEt n = T I M u ( I-l)«TMUl. 

TMUL=TMUL<-DTMUL 

10 CONTINUE 

GO TO 17 

15 CONTINUE 

0 0 20 I = 2 , N T I C R , 2 

TIME( n = TIHE{ I-I) 

T IME( m ) = 2 . * T I H E { I ) 

2 0 CONTINUE 

DO 25 I=^2,NTICR 

TIME( I ) = T I M E ( I ) + T I H E ( I - 1 ) 

2 5 CONTINUE 

17 CONTINUE ' 

RR=RW+1 .99 

C 0 N S T = R R * « 2 * S S / ( 4 . 0 « P H ) 

I F ( IWBC.NE.O>CONST= 1000-»CUN*SWST 

DO 30 I = 1 , N T I C R 

TIKE{ I ) = T I H E ( I ) ^ C O N S T 

30 CONTINUE 

RETURN 

END 

FUNCTION HCU) 

C 

C EVALUATES THEIS WELL FUNCTION. 

C 

HC«=-0.5772-AL0G(U) 

H«WC 

TERM* I • 

J « 1 

DO 10 1 = 1 , 3 0 

TERH^^iTERM+U)/! 

I F i J . E Q . O l GO TO 20 

W=W<^TERM/I 

J=0 

GO TO 30 

20 CONTINUE 

W=H-TERM/I 

J = l _ 

3 0 CONTINUE 

EPSI=ABS(W-WC) 

I F { E P S I . L E . O . O l ) GO TO 40 

WC^W 

10 CONTINUE 

40 CONTINUE 

RETURN 

END 

SUBROUTINE VECMULi NNODE ,LEN1 

C 

C PERFORMS MATRIX MULTIPLICATION. 

C VKD = VK«0 

C 

COMMON / A S Q L V / I S T A R T < 3 0 0 ) , N 8 A N 0 ( 3 0 0 J , I D ( 300 I 

COMMON / C S 0 L V / V K ( 2 0 0 0 ) , 0( 300, I ) , I PROP(200 ) 

COMMON / A D P A R A / T L E S S ( 3 0 0 ) , H L E S S ( 3 0 0 ) , V K D ( 3 0 0 , n , V D T O P ( 2 0 0 1 

L»1 

DO' 10 I » l , N N O D E 

I S » 1 0 ( 1 ) 

IL « I D ( I )<-NBANO(II-l 

C 

V K D d , 1 ) « 0 . 0 

on 20 J « I S , IL 

K » I + J - I S 

YK0( I , l)«--VKDn , l ) *^VK(J ) • D ( K , L ) 

20 CONTINUE 

C 

I F ( I . E Q . l ) GO TO 40 

I I » 1-1 

1ST» I S T A R T d ) 

C 

0 0 30 J « 1 S T , 1 1 

K « I I - J^l 

I P " I 0 ( J ) • K • 
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VKD( I, 1)«:VK0( I, l)i-VK{IPKD( J, L) 
30 CONTINUf; 
40 CONTINUE 
10 CONTINUE 

RETURN 
END 
SUBROUTINE FQSET(IT,ITCUR,DELT,FQ,TPAT) 

COMMON /ATIKE/TIHE( 60), SWUO) ,DSW{ 5) tQCALC( 5i 
IF(TPAT.£Q.I) GO TO 20 
IF(IT.GE.3) GO TO 10 

IF( ( IT.EQ.l) ,AND.(ITCUR.GT.IT)) FQ=SW(ITI 
GO TO 20 

10 CONTINUE 
DO 15 I=1,IT 
HDLTA=0.̂99+0ELT 
IFiHDLTA.GT.TIMEd) ) GO TO 15 
FQ=SW(n 
GO TO 20 

15 CONTINUE 
20 CONTINUE 

RETURN 
END 
SUBROUTINE SWMOD{IQ,IT,RCSNG, DLTA,QFIX,QAQFR,SWOLO,DSOLD, TPAT, FQ) 

C 
C ADJUST S THE VALUE OF WELL DRAWDOWN. 
C 

COMMON /ATIME/TIHE{60),SW{60),DSW(5),QCALC(5) 
COMMON /ALEAK/QLEAK (50J,HCOLD(50),HF(50),FINT(50, U,GP(40} 
DELT=DLTA/'10.**3 
ACSNG=22. 0i'RCSNG**2/7.0 
IF(IQ.NE. I) GO TO 15 
IF(ACSNG.GT.0.0) GO TO 35 
IF(IT.GT.5J GO TO 10 
DSW(IQ)=-DSOLD 
GO TO 20 

35 CONTINUE 
IF( IT.GT.5) GO TO 10 
QRATIO=QAQFR/QFIX 
IF(ABS(QRATI0).GE.0.8) GO TO 10 
THMxTIMEiIT)-0.5«DLTA •  
FACTR»0.5*0ELT/ACSNG 
QDEL = QFIX-QA0FR*0.9 5*TIME(IT)/TMM 
IF( ABS(QRATI0).&E.0.5) Q0EL = QF IX-QAQ FR .  . . 
DSW(IQ)=FACTR*QDEL 
DSW(IQ)=-DSW(IQ) 
GO TO 20 

10 CONTINUE 
T0LD«̂ TIME(IT-2) 
ARGL1 = (TIME{ IT)-0.5*DLTA)/TDLD 
ARGL2=TIME(IT-1)/T0LD 
TL0G»AL0G(ARGLl)/AL0G(ARGL2) 
DSW( IQ) = ( SH( IT-l)-SW{IT-2))<'( l.-TLOG) 
DSW(1Q)=-0SW(IQ) 
IFiDSWiIQ).GT.O.) DSW(IQ)=0.0 
GO TO 20 

15 CONTINUE 
IF(IQ.GT.2) GO TO 25 
IF{TPAT,EQ.2) GO TO 62 
DSW(IO) = DSH( IQ-1)»QFIX/QCALC{ IQ-l) 
IF(ACSNG.LE.O.) DSWdQ) =S W( I T ) •QF IX/QCALCi IQ-1)-SWOLD 
GO TO 20 

62 CONTINUE 
IF{ (ACSNG.LE.O.).AND.iFQ.LT.O.)) GO TO 40 
DSW(IQ) = DSW( 1)*QFIX/QCALC(1) 
GO TO 20 

40 CONTINUE 
SHCOR«SH(IT)-FQ*(QCALC( 1)-QFIX)/QFIX 
DSH(IQ)=SWCOR-SWOLD 
GO TO 2 0 

25 CONTINUE 
DDSW=DSW(I0-l)-DSW(IQ-2) 
TERM1=QFIX-QCALC(IQ-l) 
T£RM2<=̂QCALC( IQ-l )-QCALC(IQ-2l 
DQR-TCRMl/TERM2 
DSW(IO)=DSW( IQ-1)+DDSW*DQR 

20 CONTINUE 
SW(IT)=DSW(IQ)+SWOLD 
DSOLD=-DSW( IQ) 
RETURN 
END 
SUBROUTINE HPUNCHiNNODE,L,I NDEX) 

C 
c PUNCHE S OUT HEAD VALUES AT FINAL TIME. 

C 
COMMON /WORKA/VWORK(500) ̂  

COMMON /VCO«/ORX (200),vrL{200),H{300),IOARCYI200),0(6,6) 
COMMON  /ALEAK/QLEAK(50),HC0LD(50),HF(50),FINT(50.l),GP(40)  
NPOINT-NNODE 
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DO  15  I»l,NPOINT 
IF( INDEX.HQ. I)  VWGRK(I)=H( I ) 
I F( INDEX.EQ.2)  VWGRKd J =QLEAK{ I 1 

15  CONTINUE 

NCARDî NNOOE/S 
riCARDT=NCARD<-2 
WRITE{3,2 3>NCARDT 

23  FCKMAT {///, lOX, • TOTAL  NUMBER OF PUNCHED CARDS  «SIIOJ 
WRITEiL,3)rjN0DE 

3  FORMAT(IIO) 
IST = I 
DO 10  J=l,NCARO 
ieND=IST+5 

WRITE (L, I3)iVWORKiI ),I»IST,1END) 
13  FDRMAT(6E13.4> 

IST=IEND+I 
10  CONTINUE 

HREM=NN0DE-NCAR0*6 
IEN0=IST+NREM-1 

WRITE (Lf13)tVWORKiI }tI'IST,TEND) 
RETURN 
END 
SUBROUTINE BSI KPiNNODE,TH,DINDEX, SY, DELT, IT, ITHIN I 

C 
C  EV̂ ALUATES  BOULTON'S  CON VOLUTI ONAL INTEGRAL BY SIMPSON'S 1/3  RULE. 
C * 

DIMENSION  FN(3) 
COMMON /ATIME/TIME(60),SW(60) ,DSW(5) »QCALC{5) 
COMMON /ALEAK/QLEAK (50) ,HCOLD ( 50 ) , H{ 50 ) , HINT ( 50 , IJ, GP (40) 

C 
DOUBLE  PRECtSION  DEXP,ARGU,FN,QCUNT 

C 
WRITE (3» 3) 

3  FORKAT {///, 20X,'LEAKAGE  NODAL FLUX * t///f lOX, • NODE NO. • t 
I 20X,»FLUX  VALUE',//) 
ITM=IT-1 
IFdTH.EQ.OI  GO T3  5 
TM=TIME(ITM) 
TOLD= (TIMEi IT»+TIME (ITM))*0.5 
GO TO  15 

5  TM«0.0 
TOLD=0.5*TIHE(IT) 

15 THM=iTIHE{IT)4̂ TIMEi IT + 111*0.5 

C 
DO 20  II«1,3 
TĈ TH+DELT̂ iII-l)*0.5 
ARGU=»-I TMM-TC1*DINDEX 
F-Ni I I ) = DEXP( ARGU) 

20  CONTINUE 
ARGU=-DINDEX*(THH-TCLO) 
NNODl=NNODE-l 
OLEAK(NN0DE)=0.0 . . 
DC) 30  I=-l,NNODl ' 
IF(IT.GT. ITMIN)  GO TO 40 
T1=2.*FN(1)*(HINT(I,1)-HC0LD{ I)) 
T2=4.*FNi 2)«(H( I )-HCOLD(I ) ) 
T3=2.<̂ FNi 3)=f=lH(I )-HINT( I,1J) 
DQ  =TH-T2<-T3 
GO TO  50 

40  CONTINUE 

DQ  =(H(I}-HINT(I,l))*tFN(l>+4.«FNi2l+FN(3)) 
50  CONTINUE 

DQ=-DQ 
QCUNT = QLE AK( 1 ) «DEXP (ARGU) 
QLEAKi I )=QCUNT+OQ 
WRITE!3,13)I,QLEAK(  n 

13 FCPMAT(10X,I 5,20X,Er3.3] 
30  CONTINUE 

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

RETURN 
END 

FUNCTION  HPWiUiRH,SCLENiTH) 

C  EVALUATES  HANTUSH'S  WELL FUNCTION FOR PARTIALLY PENETRATING  HELLS. 
c 

DOUBLE  PRECISION U,HHF,DSUM, SUM 

OIF=TH-SCLEN 

PI»22./7. 
PISQ=PI<'*2 

F&CTR='2.« TH*̂ T̂H/i PISQ«SCLEN**2 1 

SUM=«:0.0 

DO 30  I«l»50 
APSI»3.14»I*RM 
ARGU=I »3, 14<'0IF/TH 
TERM»S IN(ARGU)+*2/l••2 
DSU« = TFRM*HWF(U, APSI) 
SUM«SUM+DSUM 

IF((I.GT.15).AN0.lSUM.LT.l.D-10)i  GO TO 40 

IFCSUM.LT-l.D-20i  GO TO 30 

SR-DSUM/SUH 
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STOL«ABS(SR) 
IF(STCL.LT.O.OOOl) GO TO 40 

30 CONTINUE 
40 CONTINUE 

SUM=>SUK*F ACTR+H{ UXJ 
HPŴ SUM 
RETURN 
END 
FUNCTION HJW(U,RB,Y) 

C 
C  EVALUATES INTEGRAND EXPRESSION OF HANTUSH'S WELL FUNCTION. 
C 

DOUBLE PRECISION U,F,DEXPtHJW,TERM 
TERM=-Y-RB<'*2/(4.*Y ) 
F=DEXPiTERH)/Y 
HJW = F 
RETURN 
END 
FUNCTION HWFCUfAPSI) 

C 
C  EVALUATES HANTUSH FUNCTION BY SIMSON*S 3-POINT FORMULA. 
C 

DOUBLE PRECISION HDH, U, HWF, DS UK, SUM, DHl, DW2,DW3 ,DAB Sr DY.M JW 
TMUL=1.4 
YI = U 
SUM=0.0 
DO 30 1=1,50 
Y3=Y1*TMUL 
Y2=(YH-Y3 )/2. 
DY-Y3~Yl 
DWl=HJH(U,APSI,Yl) 
DW2=HJW(U,APSI,Y2) 
DW3=HJH(U,APSI,Y3) 
DSUM=DY*( DWÎ4.*DW2.<-DW3)/6. 
SUM=SUM+DSUM 
Yl»=Y3 
IF( U .GT.15).ANO.(SUM.LT.l.D-IO)) GO TO 40 
IF(SUH,LT.1.0-20i GO TO 30 
SR«=DSUM/SUH 
STOL=ABS(SR) 
IF( STOL.LT.O.OOOl) GO TO 40 

30 CONTINUE 
40 CONTINUE 

HWF-SUM 
RETURN 
END 

SUBROUTINE DSWINT(DSOLD,BK,QF IX,THIS,TH,RW,SCLEN,DIFFUS,CUNST) 
C 
C  ESTIMATES WELL DRAWDOWN FOR FIRST TIME STEP. 
C 

COMMON  /ATIME/TIMEt60),SW(60I,DSW(60),QCALC(5) 
DOUBLE PRECISION UW 
DLAMDA=8K*QFIX*TMIS/(TH*TH*RW) 
DLAM0A=7.*DLAMDA/44. 
RM=RW/TH 
GAMMA=SCLEN/TH+0,01 
C0NS=4.0*DIFFUS*0.5<'TIHE(1) 
UW=C0NS/RW«*2 
V=UW 
UW*I./UW 
U=UW 
TERM=0.25*0LAMDA*CAL0G(V}-3.0) 
WW=W(U) 
IF(GAMMA.LT. 1. ) HW«HP W( UW ,RM, SCLEN, TH) 
0S0LD=WW*-l.51'DLAM0A + TERM 
IF(U.GT.0.IE-01) 0SQL0=WW 
DSOLD=DSOLD*CUNST 
RETURN 
END 
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INTEGRATED WELL-AQUIFER  SOLUTION  SYSTEM. 

DEVELOPE D̂ BY P.S.  HUYAKORN, 

STFREE,PROGRAM  FOR SOLVING STEADY  STATE,DARCY  OR TWO-REGIME,FREE  SURFACE 

FLOW USING TRIANGULAR  ELEMESTS, 

VERSION  GATED OCTOBER, 1973. 

FOR FURTHER  INFORM AT I ON, CONT ACT 

P.S.  HUYAKORN  OR C.R.  DUDGEON 

WATER RESEARCH  LABORATORY 

KING ST.,MANLY  VALE 

SYDNEY,N.S.W.,AUSTRALIA. 

LIST  OF  INPUT  VARIABLES 

ALL  READ STATEMENTS  A!̂ E LOCATED  IN THE MAIN 

PROGRAM  AND INDICATED BY  $l  OR $I,SK  SIGN 

PROBLEM VARIABLES  *** 

NPROB 

IVEL 

IDISCR 

ORELAX 

RW 

RO 

HO 

TH 

HTOL 

IGP 

NSTEP 

AK 

BK 

VCR 

AGP 

BGP 

VGP 

THGP 

BTGP 

HW 

NUMBER OF PROBLEMS  TO BE  SOLVED 

VELOCITY  PRINT-OUT  INDEX 

FEED  IN  IVEL'-O IF VELOCITY  PRINT-OUT  IS  NOT REQUIRED  OTHERWISE 

FEED IN  IVF.L = l 

DISCRETISATION  PRINT~3UT  INDEX.FEED  IN IDISCR=0 IF  PRINT-OUT 

OF DISCRETISATION  DATA  IS  NOT  REQUIRED 

OTHERWISE FESD  IN  IOISCR=l 

OVER-RELAXATION  FACTOR  FOR NON-LINEAR  HEAD ITERATION 

SUGGESTED VALUE LIES  BETWEEN 1.00  AND  1.50 

RADIUS OF  HELL  SCREEN 

EXTERNAL  RADIUS DR RADIUS  OF  INFLUENCE 

INITIAL  HEIGHT  OF  WATER TABLE ABOVE THE  BASE OF  AQUIFER 

IN THIS  PARTICULAR  PROGRAMtMO MUST  NOT BE INTERPRETED  AS THE 

INITIAL  DRAWDOWN OF THE WATER  TABLE 

THICKNESS OF  AQUIFER 

HEAD TOLERANCE  FOR NON-LINEAR  ITERATION  ON HEAD VALUES 

SUGGESTED VALUE  IS O.IO  OR A FEW PERCENT  OF  HO-HW 

GRAVEL  PACK  INDEX,1GP=1  FOR GRAVEL  PACKED WELL, 

JGP=0 FOR NON-GRAVEL PACKED WELL 

A PARAMETER  USED TO INDICATE  WHETHER ONE- OR TWO- STEP 

FREE  SURFACE  ITERATION  IS  REQUIRED 

FEED  IN NSTEP=2  FOR FREE  SURFACE  FLOW WITH SEEPAGE  FACE 

OTHERWISE FEED  IN NSTEP = 1 

FORCHHEIMER  LINEAR  HYDRAULIC COEFFICIENT  OF  AQUIFER 

NON-LINEAR  HYDRAULIC COEFFICIENT  OF  AQUIFER 

IF  ONLY  DARCY  FLOW SOLUTION IS REQUIRED  SET  BK=0. 

CRITICAL  FLOW VELOCITY  WHERE NON-DARCY  FLOW COMMENCES 

LINEAR  HYDRAULIC COEFFICIENT  OF GRAVEL  PACK  MATERIAL 

NON-LINEAR  HYDRAULIC COEFFICIENT  OF GRAVEL  PACK  MATERIAL 

CRITICAL  FLOW VELOCITY  FOR GRAVEL  PACK  MATERIAL 

THICKNESS OF GRAVEL  PACK 

HEIGHT  OF  BASE OF  GRAVEL  PACK ABOVE  BASE OF  AQUIFER 

HEIGHT  OF WATER LEVEL  IN  THE WELL  ABOVE  BASE OF  AQUIFER 

IN THIS  PARTICULAR  PROGRAM HW MUST  NOT BE INTERPRETED  AS 

HELL  DRAWDOWN 

DISCRETISATION PARAMETERS «̂f *  

FRLEN 

SCFAC 

XLMAX 

IREG - 1« 

NMIN 

NDSC 

NSCREN «  

XSCRin -

HSCRil) -

LENGTH OF FIRST  SUBREGION 

SUGGESTED  VALUE  IS  FRLEN=RW 

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

SCALE  FACTOR  TO BE  USED IN COMPUTING THE LENGTHS OF  REMAINING 

SUBREGIONS.SUGGESTD  VALUE  IS  SCFAC=I.50 

PRESCRIBED MWINUM  BLOCK LENGTH TO AVOID  ILL-CONDITIONED 

FLEMfNTS.MAXlMlJM  VALUE  OF  XLMAX  SHOULD NOT EXCEED  2ii.*TH 

NUMBER OF REPEATED REGULAR BLOCKS  WITH THE  SAME NUMBER OF NODES 

ON THE LEFT  AND RIGHT  VERTICAL  LINES 

SUGGESTED  VALUE  IS  IP,EG=2 
MINIMUM NUMBER OF  r,'OOES ALONG A VERTICAL  LINE 

TO MINIMISE  THF TOTAL  NUMBER  OF NODES,SUGGEST  NMIN«2 

TOTAL  NUMBER OF NODES ON WELL  SCREENiSJ 

NDSC  IS  TO  B̂ GREATER  THAN OR EQUAL  TO 2 

NUMBER OF SCREcNED  INTERVALS 

Z-COORDINATE  OF BASE 3F  SCREEN  I ABOVE  DATUM 

LENGTH OF  SCREENED INTERVAL  I 

LIST OF OUTPUT VARIABLE S 
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NNODE « TOTAL NUMBER OF ĴODIHS IN THE TINITE HLEMENT NETWORK 
X « RADIAL AND VERTICAL NODAL COORDINATES 
H • NODAL HEAD OR DRAWDOWN VALUES 
RVEC " RADIAL COORDINATES OF FREE SURFACE NODES 
HF = HEIGHTS OF FREE SURFACE NODES 
TLESS « NODAL VALUES OF DI MENS lONLESS RAIDUS»l/li 
HLESS « NODAL VALUES OF HELL FUNCTION FOR STEADV FLGW,H(U> 
QSUM « CALCULATED DISCHARGE FROM AQUIFER INTO WELL 
NELEM » TOTAL NUMBER OF ELEMENTS IN THE NETWORK 
NOD » NODE CONNECTIONS OF ELEMENTS IN THE FINITE ELEMENT NETWORK 
VEL = ABSOLUTE ELEMENT VELOCITIES 
VCOMPl » RADIAL COMPONENT OF ELEMENT VELOCITY 
VC0MP2 = VERTICAL COMPONENT OF ELEMENT VELOCITY 
IDARCY = INDEX TÜ INDICATE IF A PARTICULAR ELEMENT BELONGS TO DARCY 

OR NON-DARCY ZO^F, IDA^CY = 0 FOR ELEMENTS IN THE DARCY ZONE, 
IDARCY=1 FOR ELEMENTS IN THE NON-DARCY ZONE 

9 9 3 

1003 
1013 
1023 
1033 

DIMENSION JSEEP(20),DSEEP{20) 
COMMON /WSCREN/XSCR (5) ,HSCR(5 ) 
COMMON /ADISC/X( 3 0 0 , 2 ) ,N0D(500, 3) ,NREP{500) 
COHMON /BDISC/RVECi 50) ,NDVEC{50) ,J BO(90 J ,DISP(90} 
COMMON /AELE,M/£LK( 3 , 3 , 1 5 0 ) , E K ( 3 , 3 ) 
COMMON /BELEM/Bl 150, 3) ,C( 150, 3) ,AREA(150) 
COMMON /A50LV/ISTART(300) ,NBANDi300) ,ID( 300 I 
COMMON /BS0LV/CK{30 0 , 1 ) , V K ( 2 D 0 0 ) 
COHMON /C SOL V/VD( 20 00) t HINT( 3 00,1 ) , I PROP ( 500) , 0 ( 3 , 3 ) 
COMMON /VC0M/0RX(50 0 ) , V E L { 5 0 0 ) , H { 5 0 0 ) ,IDARCY(500) 
COMMON /AFREE/HF{50),NVMESH(120),NVELM(150) 
COMMON /BQCAL/VKQ(6G0i, QHBi^O) 

DATA NREAD,NPRINT/1,3/ 

4c sec 4c 4c 4c « 

* BLOCK I • 
* • 
4c 4c:» 4c * 4 * « 4 )(<« • 

PRINT INITIAL HEADINGS 

KRITE(NPRINT,993) 
WRITE(NPRINT,1013) 
WRITE(NPRINT, 1023) 
HRITEiNPRINT,1013) 
WRITEiNPRlNT, 1033) 
HRITEiNPRINT, 1013) 
WRITE(NPRINT,1003) 
FORMATi IH 1, 4X, 51H 

I * * ) 
) 

4. » ) 
* FI>^ITE ELEMENT SOLUTION OF • ! 
* STEADY,THD-REGIME,UNCONFINEO FLOW » ) 

FCRMAT(5X,51H 
FORMAT(5X,51H 
FORMAT(5X,51H 
FORMAT(5X,5lH 

READ AND PRINT GENERAL DATA 

9 0 0 3 

2003 

2193 

NUMBER 

READ(NREAD,101l)NPR0B,IVEL,IDISCR,ORELAX 
1011 FORMAT (31 10, FIO.2) 

DO 4 8 0 0 JPR0=1,NPR0B 
WRITEiNPR INT ,900 3) JPRO 
FORMAT ( / / / , 2 0X,50(«=i" ) , / , 2 0 X , I3X, «PROBLEM 

1 I 6 . 1 2 X , ' * « , / , 2 0 X , 5 0 i ' » • ) ) 
READiNREAD, 2003) RW ,RD , H3 , TH, HTOL 
FORMAT ( 5 F 1 0 , 2 ) 
WRI T E ( N P R I N T , 2 1 9 3 ) R W , R O , H O , T H , O R E L A X , H T O L 
F O R M A T ( / / / , 2 0 X , ' G E N E R A L INPUT 0 A T A « , / / t 

1 lOX,'RADIUS OF HELL »= • , F10. 2 , / / , 
2 lOX,'EXTERNAL RADIUS = ' , F 1 0 . 2 , / / , 
3 lOX,'HEIGHT OF WATER TABLE AT EXTERNAL RADIUS 
V lOX, ' INITIAL SATURATED THICKNESS OF AQUIFER 
5 loX,'OVEF-RELAXATION FACTOR = ' , F 1 0 . 2 , / / , 
e lOX,'PRESCRIBED HEAD TOLERANCE » ' , F 1 0 . 2 ) 

READINREAD,201)IGP,NSTEP 
FORMAT(2I10) 
WRiTE(NPRINT,193)IGP,NSTEP 
FORHAT(/,IOX.-GRAVEL PACK INDEX " ' ' I ^ , / / , 

1 l O X . ' A P P L Y ' , 1 3 , ' STEP ITERATIVE SCHEKEM 

READ IN MATERIAL DATA 

$ 1 

$1 

> ' , F 1 0 . 2 , / / , 
• ' , F l 0 . 2 , / / i 

» 1 

2 0 1 

193 

READ(NREA0,2013) ÄK,BK,VCR 
2013 FORMAT(3F10. 3) 

p M K e l . / A K 

$ l 
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IFCVCR.GT .0.00001) PMK« 1./( AK«-8K« VCR J 
WRITE(NPRINT,23) AK,BK,VCR 

23 F0RMAT(//,20X,*AQUIPtR PROPFRTieS •»//, 
1 lOX, «FORCHHE IMER COEFF. A =SF10.4,//, 
2 lOX»•FORCHHEIMER COtFF. B =',F10.4,//, 
3 lOX,«CRITICAL FLOW VELOCITY =',F10.4) 
RGP«=RW 
IF(IGP.FQ.O) GO TO 29 
READ(NREAD,3 3 U AGP, OGP» VGP,THGP.BTGP il,SK 

331 F0RMAT(5F10. 3J 
RGP=THGP+RW 
GRGP=AGP*VGP+BGP*VGP*«2 
PMGP=1./AGP 
IFiGRGP.GT.O.) PHGP=VGP/GRGP 
WRITEiNPRINT,153)AGP,BGP,VGP, PMGP 

153 FORMAT(///,20X,•GRAVEL PACK PRUPERT IES•/// 
1 lOX,«COEFFICIENT A =«,F10.4// 
2 lOX,'COEFFIClENT B = «»FIO.^// 
3 lOX,'CRITICAL VELOCITY = •,F10.4// 
4 lOX,»COEFFICIENT K = «»FIO.^//} 
WRITE(NPRINTt163)THGP,RGP 

163 FORMAT ( lOX, • THICKNESS OF PACK =SF10.2// 
1 lOX,«RADIUS OF PACK =«,F10.2//) 

29 CONTINUE 
C-
C READ ON WELL DRAWDOWN OR HYDRAULIC HEAD 
C 

RGAD(NREAD,2023)HW 
2023 FORMATIFIO.2) 

C 
c 
c • » 
C • BLOCK 2 * 
C * • 

c 
C READ AND PRINT DISCRETIZATI3N PARAMETERS. 
C 

RnADlNREAD,901)FRLEN, SCFACtXLMAX, IREG.NMIN $l 
. 901 FORMAT(3F10.2,2110) 

REA0(NREAD,801)NDSC,NSCREN • • • $l 
eol F0RMAT(2I 10) 

IPENTR=0 
C -
C READ WELL SCREEN DATA 
C 

WRITE(NPRINT,553) 
553 FORMAT!//,5X, «SCREEN NO.* ,10X,«BASE HE IGHT* , 14X, • LENGTH«,//1 

SCLEN = 0.0 
DO 702 I=l,NSCREN «NSCREN* 
READ(NREAD,601>XSCR(I1,HSCR(I i il 

601 FORMAT(2F10.2) 
SCLEN=SCLEN + HSCR{I) 
WRITE(NPRINT,563)I,XSCR(I),HSCR(I} 

563 F0RMAT(7X,I6, 13X,Fll.2f8X,F10.2I . • 
702 CONTINUE 

C 
C GENERATE AND PRINT DISCRETIZATION DATA, 
C 

CALL GXNOOUl IPENTR,NDSC,SCLEN,FRLEN,SCFAC,XLMAX,IREG,NMIN,RW,RO, 
1 TH,NNOOE,NELEM,LVEC,NLH,NVLST,HEIGHT,NDFLEX, HO,HH, lOISCR) C 

C GENERATE IPROP. 
C 

CALL AQPROPlNELEM,RGP,BTGP,TH,IGP> 
C 

c • * 
C » BLOCK 3 » 
C * * 

C FIX VALUES AT BOUNDARIES THAT HAVE VALUES FIXED BUT NOT EQUAL 0.0 
C 

HWDRAW«KW-HO 
H0DRAW=0. 0 
ZB=TH-SCLEN 
IF!IPENTR.EQ.O) ZB=SCLEN 
NDW»NDVECIIJ 
NDR0«N0VEC(LVFC>-N0VEC(LVFC-1) 
CALL BWDFIX(HW,HO,NNOOE,NBO,NDW,NDRO,N8W,NSCREN,RWl 
NBQ»NBW+l 

C 
C MODIFY VECTORS JBO • DISP 
C 

CALL BNDMOO(NBW,HW,NBO, liNBDTOI 
MRITE(NPRINT,203) _ ......r,-. 

203 FORMAT«////, lOX,'PRrSCRIDrD NODES AND HEAD VALUESS//f 
1 lOX,«NODE«,6X,«PRESCRIBED VALUES«,//) 
00 200 I»1,N80 
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WRITEíNPRIfJT, 213)JBD(I),DISP(n 
213 FORMAT(8X,I5,OX,F10.3) 
200 CONTINUE 

IFCNSTEP.EQ.l) GO TO 706 
C 
C  FOR TWO STEP ITERATION,ALSO PRESCRIBE FREE SURFACE POINTS. 
C 

IST̂ NBD+l 
IEND=NBD+LVEC-l 
J=0 
DO 806  I=ISTtlENO 

JBD(IJ=NOVEC{J) 
OISP(I)=HF(J) 

806 CONTINUE 
NBDTO=IENO 

706 CONTINUE 
C 
C  FIND BANDWIDTHS ETC. 
C 

CALL  E8FIN3(LEN,NELEM,3,NN00E) 
WRITEÍNPRINT,2331LEN 

233 FORMAT Í//////, lOX,2 5HLENGTH OF GROSS VECTOR « ,18,//» 
C 
C  FORM MATRIX ELK 
C 

NT«0 
NN« 3 
DO 135  IE=1,NELEM 
CALL ELKGENiIE,NT» 

135 CONTINUE 
C 
C  SET lOARCY 
C 

DO 99  I=l,NELEM 
I0ARCY(I)=0 

99 CONTINUE 
HB1S=NBW 
IF(XSCRil).GT,0. I NBIS=0 

C 
c 
C  SET UP LOOP FOR ITERATION 3N H 
C 

WRITEÍNPRINT,1583JHW 
1583 FORMAT ( «I*,///,I OX,* 

1 lOX,•»  HATER LEVEL IN THE HELL «•,FT.2,3X,»••,/, 
2 lOX, ) 
VC0UNT=0 
SFTOL=HTOL 
NCOUNT=NNODE 

C 
C  ONE OR TWO STEP ITERATIVE LDOP. 
C 

DO 999  1II»1,10 
C 

NHW=0 
NBP«NBW+1 
CALL  BNDMODiNBW,HW,NBD,ItNBDTOi 
IFÍNBIS.EQ.O» GO TO 94 
DO 117 1=1,NBW 
CK(I,1I=DISP{I) 
IFÍCKÍ I ,1 ).LE.HH} NHH=NHW<-1 

117 CONTINUE 
94 CONTINUE 

DO 899  ISTEP=1,NSTEP 
IF( ISTEP.EQ.2)  NBP = NHW*1 
IFÍNBIS.EQ.O» NBP=1 
DO 305  I=NBP,NNODE 
ck(i,i)=o,o 

305 CONTINUE 
IFUSTEP. EQ.2Í GO TO 509 

C 

c *  •  
C  *  BLOCK 4  • 
C •  »  

c 
C  ZERO GROSS STIFFNESS MATRIX AND LOAD MATRIX 

C 
DO 300 I«l,LEN 
VK(li»0.0 

•300 CONTINUE 
C 
C  MODIFY MATRIX ELK 
c 

IF(III.EQ-l)  GO TO 307 
NT»0 
DO 207  IE»NLM,NVLST 
CALL  ELKGENiIE,NT» 
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207 CONTINUE 

C 
C MODIFY VECTORS JBD DISP. 
c 

NBX=NnW 
CALL BNOHOOiNBXtHW, NBOfNSTEP.NBDTO) 

307 CONTINUE 
C 
C COMPUTE STIFFNESS MATRIX FOR EACH ELEMENT AND MERGE 
c 
C FOR II1=1 ONLY PERFORM SOLUTION FOR DARCY CASE 
•C 

DO 350 I=1,NELEH 
NT»NREP{I) 
IF(IPROP(I).EQ.O) GO TO 755 
AKK»AK 
BKK=BK 
PKK=PMK 
GO TO 365 

755 CONTINUE 
AKK=AGP 
BKK=BGP 
PKK=PHGP 

365 CONTINUE 
CALL EL6ENU( I,III,AKK,BKK,NT, VCOUNTtPKKJ 
CALL HERB3(NN,I) 

350 CONTINUE 
I=NDVEC(I)4-1 
LNN=ID{I)-l 
DO 122 I»--I,LNN 
VKQ(I)=VK(I) 

122 CONTINUE 
DO 1202 1=1,LEN 
VD( I ) = VK( I) 

1202 CONTINUE • • . , 
C 

NBF=NBD 
IF{NSTEP,EQ.2) NBF»NBDTO 
GO TO 809 

509 CONTINUE 
C 
C SHUFFLE MATRICES JBD DISP, ' 
C . • . 

J»0 
DO 709 I«l,NBW : ' 
HHTEHP=HH*0.01 
IF(DISP(Il.LE.HWTEHP) GO TO 709 
J=J + l 
JSEEP(J)»JBDin . ' 
JBD(n=JBD(NBW4-J I 
DSEEPiJ1=DISPII) 
DISPCn«DISP(NBH+JI 

709 CONTINUE 
NBF=NBD-J 
IF(J.EQ,0) L=NBW 
IF(J.EQ.O) GO TO 7199 

C 
DO 719 1=1, J 
IPOS^JSEEPiU 
L=NBW-J<-I 
CKl IP0S,1)=QWB(LI 

719 CONTINUE 
7199 CONTINUE 

Ipi=IPOS + l 
CKi IPtll^QWBiL^^l) 

C 
C REGENERATE MATRIX VK. 
C 

DO 1302 I=l,LEN 
VKiIl=VD(IJ 

1302 CONTINUE 
809 CONTINUE 

C 

c * * 
c * BLOCK 5 * 
C » * 

C SOLVE EQUATIONS BY BANDED SOLUTION SCHEME 
C 

NLL»1 
NBM=NBP-l 
CALL QFLUXiNBK.NNODE) 
IF(NBF.LE-N60) GO TO A82 
CALL SHUF ( I, NBD,NBW,NBt)TO» 
CALL SYHSOL(NNODE,NLL,NeMJ 
CALL SHUFl2,NBP,NiiW,NbDT0) 
GO TO 582 

482 CONTINUE 
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CALL  SYMSOLlNNODE,NLL,NeMJ 
582 CONTINUE 

IFINSTEP. EQ. 1» GO TO 959 
IF(ISTEP. EQ.2i  GO TO 959 
DO 949 I»l,NNODE 
H(I)XCK(I»1) 

949 CONTINUE 
NBQ=NBW+l 
QSUM=0.0 
CALL  QMUL(NBQrQSUM) 

959 CONTINUE 
IF( ISTEP.EQ.1)  GO TO 899 

C 
C  RESHUFFLE MATRICES JBO  OISP. 
C 

IF(J.EQ.O)  GO TO 899 
DO 729 1= 1, J 
IPOS=NBW-J-H 
JBD(IP0S)=JSEEP(1 I 
DISP(IPOS)=DSEEP(I) 

729 CONTINUE 
IFdSTEP.LT.NSTEPI  N3P=NBW<-i-J 

899 CONTINUE 
IF(III.EQ.l)  GO TO 900 

415 CONTINUE 
NC0UNT=0 
EKiAX=0.0 
DO 450 I=1,NN0DE 
EPSI = CK(I,1}-HII ) 
IF(ABS(EPSI),.GT.EMAX)  EMAX=ABS{EPSI) 
IF(ABS(EPSI) .LE.HTOL)  GO TO 460 
NC0UNT=NCGUNT<-1 
HIIJ=H(I)+QRELAX*EPSI 
GO TO 450 

460 CONTINUE 
H (n = CK(I,1) 

450 CONTINUE 
473 FORMAT(//,10Xt •TOLERANCE COUNTER FOR HEAD  »=«,I3,//t 

I lOX,•ABSOLUTE MAXIMUM ERROR IN HEAD  =»fFl2.4) 
GO TO 1999 

900 CONTINUE 
DO 950 I=1,NN0DE •  ' 
H(I ) = CK{ I ,1) 

950 CONTINUE 
1999 CONTINUE 
C 

REGENERATE IDARCY 
c 

DO 199 1= 1,NELEH CALL HYPf?OP(I,AK,BK̂ PMK,VCRj AGP̂ BGP̂ PMGP, VGP. 
J1=N0D(I, 1) AL,BL,PML,VCL) 
J2=N0D(I , 2) 
J3=NOD(I,3) 
NT»NREP{I) 
CALL VCHEC3(I, AL,BL,Jl, J2, J3,NT,PML,VCL,HRRX,HRRYI 

199 CONTINUE 
C 
C  MODIFY THE VARIABLE  MESH. 
C 

CALL  HOMESH(KSURF,ESHAX,LVEC,NDFLEX,SFTOL,HEIGHT,ORELAX) 
C 
C  PRINT OUT ADJUSTED FREE SURFACE POSITON. 
C 

IFCNCOUNT.EQ.O)  GO TO 1000 
999 CONTINUE 
1000 CONTINUE 

WRITE{NPRINT,413)  III 
413 FORMAT(//,IDX,«NUMBER OF ITERATIONS REQUIRED =',I10) 

KRITEiNPRINT,473)NCCUNT,EHAX 
CALL HOUT(NNODE,HO,HW,RO) 
CALL  SUROUT(KSURF,ESMAX,LVEC,NOFLEXI 
IFCNC0UNT.NE,0)  GO TO 5000 

433 FORMAT* • I•,20X,«FINAL  SOLUTION*,///, 
1 5X,«NDDE',10X,»R-COORD«,IOX,»Z-COORD*,10X,*HEAD', 
2 lOX, • RHO-COORD*,10X,'TZI-COORD*,lOX,'DRAWDOWN  RATIO*,/) 
DO 470 I-l,NNOOE 
RH0=0-5*X(I, l)/TH 
TZI»X( I,2i/TH 
SOLESS=(HO-HiI)I/(HO-HH) 

470 CONTINUE 

C 
c 
c »  *  
C  »  .BLOCK 6  * 
C •  *  
C ******** 

c 
C  EVALUATE VELOCITY AND GRADIENT USING FINAL HEADS 

C 
799 CONTINUE 

VCOUNT«! 
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c 
C COMPUTE AND PRINT ELEMENT VELOCITIES 

IF( rVEL.EQ.O ) GO TO 3509 
WRITE (NPKINr, i;i03i 

1203 FDRMATC * 1 •,///t20X, • / 

^ 20X, ELEMENT VELHClflES *'*/ 

310X,*ELEM N0>'tIDXT 'RADIAL VEL«,1 OX,»VfcRTIC VEL' ,10X,•IDARCY' 
DO 3000 I «1,NELEH 

CALL HYPROPC I,AK,BK,PMK.,VCR,AGP,B&P,PMGP,V&P, JL=NOD(I, Jii CALL HYPROPC I,AK,BK,PMK.,VCR,AGP,B&P,PMGP,V&P, 
J2=N0D(I, 2) AL^BL, PML^VCL) 
J3=N0D(I, 3J 
NT=NREP(I) 
CALL VCHEC3{ I,AL,BLtJl,J2,J3,NT,PHL.,VCLtHRRX,HRRY) 
VCOMPI=-VELlI)^HRRX 
VC0MP2=-VcL(I)«HRKY 
WRITE (NPR INT, 110 3) I , VCOM? 1» VC0MP2, IDARC Yi 1} 

1103 F O R M A T d O X , I5,2(10X,E10.3),10X,I5) 
3000 CONTINUE 
3509 CONTINUE 

C 
C ' COMPUTE DISCHARGE INTO HELL. 
C 

CALL QCALCtNBQ,QSUMJ 
BLEAK=RO 
J = l 
CALL TCURV3{H0rBLEAK,NNQ0E,QSUM,AKtBK,PKK,TH,J) 

C IF SO RE QUIRED,USER HAY . CALL HIS PLOTTING SUBROUTINES C 
C C 
C AT THIS LOCATION, C 
C 

C 
C THE FOLLOWING PLOTS MAY BE OBTAINED -
C 
C Cli DISCRETISATION PATTERN,3BTAINED BY USING VARIABLES NOD,X, 
C NELEM,NNODE 
C (2) CONTOURS OF HYDRAULIC HEADS, OB TA INED BY USING VARIABLES 
C H,X»NNOOE,NOD,NcLEM 
C (3) DIHENSIONLESS TYPE CURVES,OBTAINED BY USING VARIABLES HLESS, 
C TLESS,NNODE 
C (4» VELOCITY F IELD,OBTAI NED BY USING VARIABLES V EL ,X, NOD, VCOHPl, 
C VC0MP2 
C C51 LOCATION OF NON-DARCY FLOW ZONE,OBTAINED BY USING VARIABLES 
C IDARCY,NELEM 
C (6 1 FREE SURFACE CURVE,OBTAINED BY USING VARIABLES HF,RVEC 
C 
5000 CONTINUE 
4800 CONTINUE 

STOP 
END 
SUBROUTINE GXNODUtIPENTR,NDSC,SCLEN,FRLEN,SCFAC,XLHAX,I REG, 

INHIN, RW,RO,TH,NNODE,NcLEM,LVEC,NLM,NVLST,HEIGHT,NDFLEX,HO,HW, 
2 IDISCR) 

C 
C GENERATES NODAL COORDINATES AND ELEMENT CONNECTIONS. 
C 

COMMON /AOISC/X(300,2l,NODi500, 3),NREP( 500J 
COMMON /B0ISC/RVEC{50],N:DVEC( 50), XLEN(180} 
COMMON / AELE M/NT RAN (3,90),NHl{3,90),NH2(3,90 J,NDBI(3,90 I, 
1NDB2(3,90),NDWB{9) 
COMMON /AFRE£/HF(50),NVH£SHU20I,NVELM(150) 
SCLEN = TH 
DATA MREA0,NPRINT/l,3/ 
NESC=NOSC 
C AL L DC RG N3 { RO , RH , S CF AC , F RL EN , NRR , XL MAX I 
CALL HFRcE(RO, HW,HSFEP, m,RW,NRR) 
TH=0.5*HF(1) 
IFC TH.LT. SCLEN) NOWB(n«=NOSC 
IF(SCLEN.GT.HF(1) J SCLEN= fi ( IJ-O. 02 
NRST=2 
NFR«=NDWB( l)-ND5C/2 
NSTFR = NDHBri )+NDSC/2*2 
IFCNDWBi D.EQ.NDSG» NSTPR = l 
IF(NDWB< D . E Q . N O S C ) NFR=NDW8( II 
IFCNDWBi1).EQ.NOSC) NRST=I 
N T 0 P = 0 . 4 * N r R M 
I F ( N R S T . G T , n NTOP»NTOP«-l 
NST0R=NRST 
NDWBiI)=N0SC+NT0P-l 
DO 10 L»l,2 
CALL N C R G U U NFR, IREG,NRR,NMlvj,NSTFR,NRST,IPENTR,Ll 
NRST-l 
NSTFR-NFR 
NFR=NT0P 

10 CONTINUE 
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NRST«NSTOR 
NSTFR»1 

IF-(NRST.GT.I ) MSTFR-NDWB( l)-NTQPvl 
CALL K'CRGU2(NSTFR,NRR,NRST,N0SC I  
IF{ IDISCR.EQ.O ) GO TO 9h 
WRITE(NPRINT,303) 

9̂4 C O N T ^ N ^ ' D A T A » )  
C 

c DISCRETIS E THE ENTIRE REGION INTO FINITE ELEMENTS . 

NRST=NST0R 
KCREP=1 
NTSEL=1 
DO 691 L'=1, 2  
IF(L.EQ,2) NRST̂ l  
IF(NRST.EG.1) G O TO 65 5 
CALL OCRFST i lPeNTR,NDSC,ICCREP,NTSEL) 

655 CONTINU E 
DO 65 I=NRST,NR R  
N1=NHI(L,I) 
N2=NH2(L,I) 
N3»NH2(2,n 

IF( (Nl.EQ.3) .AND.{N3.EQ.O)) NLMX=NTSE L 
IF(N2.EQ.O) G O TO 8 9 
NFND1«=NDBI(L, I i 
NFND2=N0B2(L,1) 
NPAT=NTRAN(L,I) 
CALL BBLDCK{KCREP,N1,NFNDI,NFND2,NPAT,NTSEL )  

65 CONTINU E 

IF(L .EQ.l) 'NLM=NTSEL 
89 CONTINU E  

NHKl , I)=2 
691 COrJTIf̂ U E  

IF(N2.NE.0) NLMX»NL H  
NELEM=NTScL-I 
DO 77 I=NLMX,NELE M  
KREPi I )=NREP(I-1)-{1 

77 CONTINU E 

C 
C PRIN T OUT ELEMENT DATA . 
C •  -
C 

NELEM=NTSEL-l 
1F(IDISCR.EQ.O) GO TO 10 4 
WRITEiNPRINT,83) 

63 FORMAT {///,10X,46H IDENTIFICATIO N OF ELEMENTS - NODE CONNECTIONS, / 
I//, 12X,7HELnM NO, IDX,5HN00E1,lOX,5HNQDE2,10X,5KN00E3,lOX,17HREPETI 
2TI0M NUMBER,// I  
DO 80 I-1,NHLE M  
WRITE (NPRINT,93) I, iNOD( I,Kl,K=l,3i »NREPill 

93 F0RMAT(10X,I5,3il0X,I5 ) ,12X,I5) 
CO CONTINU E  
104 CONTINU E  

C 
C GENERAT E NODAL COORDINATES .  

C 
NRST«=NSTOR 
NS=l 
Rr=RW 
HM»l 
HEIGHT=TH 
DO 75 I=-1,NR R  
DXĜ XLENil) 
ZI'O.O 
TH=HEIGMT 
NN2»=NHl(2,n 
IF{NN2-EQ.O) G O TO 53 7 

DO 87 L=l, 2  

IF(I.LT. NRST) GO TO 97 
NN=NH1(L,I) 

CALL COORDC i NS,MM,NN,DXG|TH,RI,ZI I 
ZI=TH 
NS=NS-l 
RIaRI-DXG 
TH=>HF( I )-HEIGHT 
GO TO 8 7  

97 CONTINU E 

CALL CORFST ( IPENTR.NDSC.SCFAC.RifTH,SCLEN,RW,NSi 

07 CONTINU E  

RI»RI+DXG 

NS-NS+1 

GO TO 7 5 

537 CONTINU E 

TH«HF(I) 

NN«NH1(1,1) 

CALL COORDC(NS,MH,NN,OXG,TH,RI,2 I » 

75 CONTINU E 

IFINH2{2,NRRl.NE.O) G O TO 999 

NN»NHl(I,NRR) 
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TH=HF(NPR̂1) 
CALL C00R0C(NS,MM,NN,DXG,TH,RI,Z1 ) 
GO TO 909 

999 CONTINUE 
ZI»0.0 
TH-HEIGHT 
NN=NH1(ItNRR) 
CALL COOROCi NS ,MM, NN, 0XG, TH,R I , ZI ) 
RI=RI-DXG 
ZI = TH 
NS=NS-l 
TH=HF(I)-HEIGHT 
NN»NHl(2,NRR) 
CALL C00RDC{NS,MH,NN,DXG,TH,RI,ZI ) 

909 CONTINUE 
C 
C PRIN T OUT NODAL COORDINATES. 
C 

NNODE=NS-I 
IF(IDISCR.EQ.O) GO TO 114 
WRITE(NPRINT,103) 

103 FORMATCl'.lOX,' NODE DATA', / /1 lOX, • NODE • , 5X, • R-CDORD« ,5 X, • I-COOR 
ID*,//) 
DO 85 I=1,NN0DE 
HRITEiNPRINT, 113)1, (XlI,K),K=l»2) 

113 FORKAT(IOX,I4,2F11.2) 
05 CONTINUE 
114 CONTINUE 

C 
C GENERAT E TOP FREE SURFACE N3DE VECTORS. 
C 
c 
C DETERMIN E RADIAL EXTENT OF VARIABLE MESH. 
C 

MDTO'NNODE 
CALL FRVEC(HEIGHT,LVEC,NDTO,NLM,NVLST,NDFLEX,NELEH, IV) 

C 
C PRIN T OUT FREE SURFACE NODE VECTORS. 
c 

IF{IDISCR.EQ.O) GO TO 124 
WRITE(NPRINT,223) 

223 FORMAT(///»20X,'TOP BOUNDARY NODES AND RADIAL COORDINATES.«,///, 
I 10X,*N0D E NUMBER«,20X,'R-COORDINATE',20X,«SURFACE HEIGH 
21*»//) 
DO 3 35 1» 1,LVEC .  . 
WRlTECNPRINTr333)NDVEC{n ,RVEC(n iHFiD-

aSS CONTINUE 
333 FORMAT(10X,I7,2i25X,F10.2)) 

C 
C PRIN T OUT NODES OF FLEXIBLE Z-COORDINATES. 
C 

WRITE(NPRINT,433) (NVMESH(I),1=1,NDFLEXJ 
NLM=NLMX 
WRITE(NPRINT,533) NLH,NVLST 

433 FORMAT(///,20X,«NODES OF FLEXIBLE Z-COORDI NATES« ,//. 10 ( 5X , 15 ) ) 
533 FORMAT(///,20X,«ELEMENTS OF VARIABLE SHAPE ARE NUMBER«, 
I 16,2X,«TO«,16 )  

124 CONTINUE 
RETURN 
END 
SUBROUTINE NCRGU1 (NFR, I REG, NRR, NHIN, NSTFR, NRST, IPENTR,L) 

C 
C GENERATE S DISCRETIZATION PARAMETERS:- NTRAN,NH1,NH2,NDBl,NDB2 
C ONL Y FOR REGIONS 2 TO NRR,REGION I IS SPECIALLY TREATED. 
C 

COMMON /AELEM/NTRAN(3,90),NH1(3,90I,NH2(3,90),NOB1(3,90), 
INDB2(3,90),NDWB(9) 
NC«NFR 
NC0UNT=0 
DO 10 I=NRST,NRR 
IRGG=IREG 
IFC ( I .EQ.NRST).AND. ( IPENTR.̂E.O)) IRGG=0 
IFi ( L.EQ. 1) - AND. (I . EQ. 1)) IRGG=0 
IF((L.EQ.2),ANO.<I.LE.5)) HGG=2 
NC0UNT=NC0UNT-H 
IFCNC0UNT.LT.IRGG) GO TO 20 
NC0UNT«0 
NHALF=NC/2 
NREM«NC-2*NHALF 
IFCL.EQ.2) NREM=0 
IF(NREM.GT.O) GO TO 15 
NC1«NC-1 
IF(NCl.LT.NMIN) GO TO 20 
NTRAN(L,I)=2 
NĈNCl 
NH2(L,II=NC 
NHliL.I ) = NĈl 
GO TO 10 

15 CONTINUE 
NCI»NHALF+1 
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IFiNCl.LT.NHIN) GO TO 20 
NTRANiL,I)=l 
NC«NC1 
NH2(L , I )«NC 
NHI(L,I jxZ'fNHZiLiD-l 
GO TO 10 

20 CONTINUE 
NH2(L,I)=NC 
N T R A N d , I i = 0 
N H K L , I ) = NH2(L,n 

10 CONTINUE 
RETURN 
END 
SUBROUTINE NCRGU2{NSTFR,NRR,NRST, NDSC) 

C 
C MODIFIES NH1,NH2 AND COMPUTES NDBI AND NDB2. 
C 

COHKON /AELEM/NTRAM(3,90} rNHK 3190 f, NH2{ 3 , 90) ,NDBI(3,90), 
1NDB2(3,90),NDWB(9) 
IP0S»=NRR+2 
I0UM=IP0S-1 
DO 10 1=1,NRR 
N1=NH1(1,I) 
N2=NH1(2,I) 
IF(NI,NE.N2) GO TO 10 
IF(N1.EQ.2) GO TO 15 

10. CONTINUE 
GO TO 2 5 

15 CONTINUE 
IP1=I+1 
IFCIPl.GT.NRR) GO TO 28 
NH1(1,H-1) = 3 
NH2(2,H-l)=0 
IP0S=I+2 
IDUM«H-1 
NTRANi1,1+1)=2 
NRC0M=I+2 
DO 35 I=NRCOM,NRR 
N H l ( 2 , n = 0 

35 NH2(2, n = 0 
28 CONTINUE 
25 CONTINUE . • 

IFiNRST.GT.l) GO TO 29 
C 

J=NRST • 
N D B K 1, J)=NSTFR 
N0B2i 1» J) =NSTFR+NHl(l,JH-NHl( 2, J)-l 
NDB1(2,J)=NDB11 1,J)+NH1(1,J) - 1 
N0B212,J)=NDB2(1,J)+NH2(1,JJ-1 " ' 

GO TO 39 
29 CONTINUE 

N0B1(2,1)«NSTFR 
NDB2( 2, 1 )=NSTFR+NH1 (1, 2)+NDSC/2+NT0P 

39 CONTINUE 
DO 50 I=J,NRR 
N D B K l , I)x^N0Bl{l,I-l)+NHl{l,I-l) + NHl(2, I-l)-l 
IF( I.EQ.IPOS) N D B U l,n=NOBl( 1,I)-1 
IFl I.GT.IPOS J NDBK 1,1) =NDBH ItlJ + l 
N D B K 2, I)=NDB1( 1, I)+NH1( 1, I )-l 
IF( I.EQ.IDUM) NDBK 2,I)=N0B1(2,I)-1 

50 CONTINUE 
NR1=NRR-1 
DO 60 I=J,NR1 
NDB2(1, I) = ND81{1,I-H) 
NDB2{2 ,I)'=NDBl(2t 1*1) 

60 CONTINUE 
IFiIPOS.GT.NRR) GO TO 48 
NDB2( 1 ,NRR) = ND81( I, NRR ) »NHK I ,NRR)+NH2( l,NRR)-2 
NDB2i2,NRR) = NDB2i1» NRR)+NH2(1,NRR)-1 
GO TO 58 , 

48 CONTINUE 
N0B2{ 1,NRR) = NDB1( 1, NRR )+NHI (I ,NRR ) ̂ NHli 2,NRR)-l 
NDB2(2,NRR) = NDB2il, NRR)<i4H2il ,NRR)-1 

58 CONTINUE 
RETURN 
END 
SUBROUTINE HFREE(RO»HW,HSEEP, HO,RM,NRR) 

C 
C COMPUTES THE HriGHT OF FREE SURFACE BY EMPLOYING HALL'S FORMULA. 
C 

COMMON /BCISC/RVEC(50),N0VEC(50),XLEN{180) 
COMMON /AFREr/HF(50 ),NVKESH(120),NVELM( 150) 
FACA»1.0-(HW/Hn)»<'2.4 
FACB«l.0+(5.0*RW)/HO 
RATIO=ALOG(RO/RW) 
FACCel.0+0.02*RATIO 
HSeCP» ( HO-HiV ) »F ACA/ {F AC R« FACC ) •HW 

C 
C COMPUTE VECTOR HF 
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R«=RW 
HF{U = HSFEP 
DO 10 KK=1,NRR 
DX=Xl.EN{KK) 
R=R4-DX 
FACD=2.5*R/(R0-RW)  < 
FACE=1.5*(R/R0Jt«l.5 
K1=KK+1 
HFiKl)=HSEEP+(HO-HSEEPJ«(FACO-FACE) I 
IFIHF( KD.GT.HOl HP(K1)=H0 = 

10 CONTINUE 
C 
C  FOR POSITIVE CORRECTION,LOWER ESTIMATED FREE SURFACE. 
c 

HSEEP = HSEEP-(HO-HSEEP)'̂0, 10 
NPR=NRR+l 
DO 20 KK-I,NPR 
HfMKK) =HF(KK)-(HO-HF(KK)}«0.10 

20 CONTINUE 
RETURN 
END 
SUBROUTINE DCRGN3(RO,RW,SCFAC,FRLEN,NRR,XLMAX) 

c 
C  GENERATES DISCRETIZATION PARAMETERS:- NRR.XLEN 
c 

COMMON /BDISC/RVEC{50),NOVEC(50),XLEN( 100) 
HAXNR=8g 
Xl.EN( 1)=FRLEN 
RLEN=RO-RH 
SUM=XLEN(1J 
DO 10 I==2,MAXNR 
XLENd ) = XIEN{ I-D'i'SCFAC 
IF(XLEN( n.GT.XLMAX} XLEN (I )«XLMAX 
SUK=XLEN{ n + SUM .. . 
IF(SUM.GT.RLEN) GO TO 20 

10 CONTINUE 
20 CONTINUE 

XREM=RLEN+XLEN(I )-SUM 
NRR=I 
DEN0M=l.-i-SCFAC+SCFAC*»2 
XLENl I-2) = (XREHîXLEN( I-l)+XLEN(I-2} >/DEN0M 
XLENiI-ll=XLEN{I-21+SCFAC 
XLENi n = XLEN( I-U<̂ SCFAC 
RETURN 
END 
SUBROUTINE DCRFST ( I PENT R« NDSC , KCREP, NTSEL I 

C 
C  GENERATES DISCRETIZATION DATA FOR COMPOSITE REGIONS. 
C 

COMMON /ADISC/X{300,2),N0D(500,3) ,NREPi 500) 
COMMON /AELEM/NTRAN(3,90),NH1 {3,90),NH2i3,90)tNDBl(3,90), 
IN0B2(3»90),NDWB{9) 
KCREP=1 
NSEL=1 
IF(IPENTR.EQ.O) GO TO 60 
NUPEN = N0WB( D-NDSC +1 
Nl̂ NUPEN 
N2=2 

N3=Nl 
NFNDl=l 
NFND2=N1+1 
NFND3=NDWBll)+2 
NTSEL= 1 
NCPAT=3 
CALL  CBL0CK(KCREP,N1,N2,N3,NFN01,NFN02,NFND3,NTSEL,NCPAT) 
N1=N0WB(1 )-NUPEN 
NPAT=1 
NFNDl«NFND2+̂l 
NFND2=NFNDl+NDW3(l)-l 
CALL BBLDCKlKCREP,NI,NFN0l,NFND2,NPAT,NTSEL) 

J  NCPAT=3 
N2=Nl/2+l 
Nl»NDW3i l)-N2 
N3=Nl 
NFNDl*=NDWB( 1 )+2 
NFN02 = NFNDUN1 
NFND3=NFND2+N2  ̂
CALL CBL0CK(KCREP,N1,N2,N3,NFN0I,NFND2,NFND3,NTSEL,NCPAT) 
GO TO AOO 

60 CONTINUE 
HTSEL=1 
NUPEN=NOSC 
NCPAT«-3 
NI=N0WB{1) 
N2«NUPEN/2+l 
N3«Nl-N2»l 
IF(N2.EQ.NUPEN) N3«Nl 
NFNDlnl 
NFND2»NFNDl̂ Nl 
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c 

NFN03 = NFND2«-N2 

Ûu CONTINUE 
RETURN 
END 

SUBROUTINE CORFST (I PENT R.NDSC, SCFAC, R I, TH, SCLEN, RW, NS) 

C  GENERATES NODAL COORDINATES FOR FIRST COMPOSITE REGIONS. 

COMMON  /ADISC/X(300,2),NOD{500,3),NREP(500) 
COMMON /BDISC/RVEC( 501,NDVE:( 50 ), XLE N{ L 80) 

1N0B2{3 
NS=1 
IF(IPENTR.EQ.O) GO TO 60 
PENLEN=SCLEN 
XLI=RW 
XL2=XLEN{I) 
NUPEN=NDHB(1)-NOSC+l 
Nl=NUPEN 
N2=2 
N3=Nl 
THI=TH-PENLEN 
TH2=THl/(NI-l) 
RI=0,0 
NPAT=3 
CALL  C00RDliNS,Nl,N2,N3,XLl,XL2,THl,TH2,RI,NPAT) 
RI = RW 
NS=NS-1 
MM=l 
NN=NDSC-1 • 
DXG=XLEN(1) 
Z1=X(NS,2) 
TH1 = PENLEN 
CALL C00R0C(NS,MM,NN,DXG,TH1,RI,ZI) 

C 
XL1=XLEN(2) r 
XL2=XLEN(3) 
Nl̂ NOWBi1 )-N0SC/2 
N2»NDSC/2 
N3=N1 
TH1=TH . . 
TH2=PENLEN 
CALL  C00RDI(NS,NI,N2,N3,XL1,XL2,TH1,TH2,RI,NPAT) 
GO TO 400 

60 CONTINUE 
NPAT»-3 
RI»RM 
THl«TH 
TH2=SCLEN 
Nl«NDWBil) 
N2«NDSC/2+l 
N3«Nl-N2+l 
XLI«XLEN{ I)/(I-+SCFAC) 
XL2«SCFAC*XLL 
CALL  COORDllNStNl,N2,N3,XLl,XL2,THl,TH2,RI,NPAT) 

AOO CONTINUE 
RETURN 
END 
SUBROUTINE UBLOCKiNFNDl ,NFND2 ,NFND3, NPAT, NTSEL, KCREP) 

C 
C  GENERATES ELEMENT CONNECTIVITIES IN GRADED UNIT BLOCK. 

C 
COMMON  /ADISC/X(300,21,N0D(500,3),NREP(500J 
K«0 
IF(NPAT.NE.3I K»l 
IC0UNT=0 
NST=NTSEL 
NLST«=NST + 2 
DO 10 J1=NST,NLST 
NREP(J1)=KCREP 
KCREP=KCREP+1 
ICOUNT = ICQUNT-H 
IF(IC0UNT.EQ.2} GO TO 20 
IF(IC0UNT.EQ.3) GO TO 30 
NODCJl,l)=NFNDI 
NOD(JI»2)=NFN02 
NOD( Jl,3) »NFNDH-l 
GO TO 10 

20 CONTINUE 
N00( Jit I) «NFNDli-K 
N00{Jl,2)=NFN02 
NODiJl ,3>»NFNl)3+K 
GO TO 10 

30 CONTINUE 
NOD( Jlf n «NFND2 
NOD{JIt2)»NFND3 
NOD( Jl. 3) »NFND3<-1 

. 10 CONTINUE 
NTSEL«NLST*l 
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c 

RETURN 
END 

SUBROUTINE  B BLOCK{KCREP tN)., SFNDl, N FND2, NPAT, NTSEL) 

C  GENERATES  ELEMENT  CONNECTIVITIES  IN  BASIC  BLOCKS. 

O 

DIMENSION  ND(3,3) 

COMMON  /ADI SC/X( 300,2) ,NOD< 500t3),MREP(500) 

ND( 1, 1 )=NFNDl 

ND(I,2)=NFN02 

ND(l,3)=NFNDl+l 

N0( 2, 1) = ND( I, 3) 

NDi2,2)=ND{1,2> 

NDi 2,3 )=ND( 1 ,2)-H 

IFiNPAT^EQ.l)  GO  TO  200 

IF(NPAT.EQ.O)  GO  TO  265 

NTEMP=Nl-2 

DO 90  JJ=1,2 

NST=NTSEL 

NLST=NST+NTEMP 

DO  40  JI=NST,NLST 

NREP( JU  = KCREP 

KCREP = KCREP-»-l 

DO  50  K=1,3 

NOD( J1,K) «=N0( JJ,K)-KJ1-NSTJ 

50  CONTINUE 

40  CONTINUE - . • 

NTEHP=NTEMP-1 

NTSEL=NLST+1 

90  CONTINUE 

GO  TO  400  ' 

200  CONTINUE 

NDi3,l)=ND(2,l) 

ND( 3,2)=N012,2J<-I 

ND(3, 3)=ND{3, 1)4-1 

NTEMP=(Ni-l)/2-l 

Ll=2 

L2=l 

00  250  JJ=l,3 

L3=2 

IFiJtl-EQ.2)  L3«l 

NST=NTSEL 

NLST=NST-«-NTEMP 

DO 260  J1=NST,NLST 

NREPIJ1)=KCREP 

DO  270  K l̂,  3 

IF(K.EQ.l)  LL=Ll 

IF(K,EQ.2)  LL=L2 

IF(K.EQ.3)  LL=L3 

NOD( J1,K)=ND( JJ,K)4-(J1-NST)*LL 

270  CONTINUE 

260  CONTINUE 

KCREP = KCREfM-I 

NTSEL = NLST-H 

250  CONTINUE 

GO  TO  400 

265  CONTINUE 

NTEMP=Nl-2 

DO  190  JJ=1,2 

NST=NTSEL 

NLST=NST+NTEMP 

DO  140  JI=NST,NLST 

NREP(J1)=KCREP 

DO  150  K=l,3 

NOD(JI.K)=N0(JJ,K)+(Jl-NST) 

150  CONTINUE 

140  CONTINUE 

KCREP»=KCREP^1 

NTSEL^NLST -̂l 

190  CONTINUE 

400  CONTINUE 

RETURN 

END 

SUBROUTINE  CBLOCK( KCREP,N I, N2,N3, NFNDl, NFND2, NFND3, NTSEL,NCPATI 

C 
C  GENERATES  ELEMENT  CONNECTIVITIES  IN  COMPOSITE  BLOCKS. 

C 
COMMON /A0ISC/X(300,2),NQD{50 0,3),NREP(500) 

C 
C  BLOCKl  :-  CONNECTS  VERTICAL  LINE  1 TO LINE  2. 

C 

NDF«N1-N3 

NPAT^O 

IF(NOF.NE.O)  NPAT«1 

NF2=NFND2 

IF(NPAT.EQ.l  1  GO  TO  20 

NFl=NFN0l+(Nl-N2) 

IFiNCPAT.NE.3)  NFl-NFNOl 

NN2=N2 

NNI-N2 
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c 

GO TO 30 
20 CONTINUE 

NF1«NFNDH-{N1-2«N2<-1) 
IF(NCPAT.NE.3) NF1«NFNDI 
NN2=N2 
NN1=2*N2-1 

30 CONTINUE 
C A L L B B L 0 C K ( K C R E P , N N 1 , N F 1 , N F 2 , N P A T , N T S F L } 

C BLOCK 2 CONNECTS VERTICAL LINE 2 TO LINE 3. 
0 

NSI=NF1 
NS2«=NF2 
NPAT=0 
NN1=NN2 
NFl=NF2 
NF2=NFND3*-N3-N2 
IFiNCPAT.N£.3J NF2=NFN03 
C A L L B B L 0 C K { K C R E P , N N I , N F 1 , N F 2 , N P A T , N T S E L ) 

c 
C BLOCK 3 : - UNIT BLOCK. 
C 

IF(NCPAT«NE.3) GO TO 60 
NF1=NSI-1 
NF3=NF2-1 
NF2=NS2 
GO TO TO 

60 CONTINUE 
NFl=NFNDl+Nl-l-IN3-N2) . 
NF2'=NFND2+N2-I 
NF3=NFND3+N2-1 
NS1»=NF1 

70 CONTINUE 
C A L L U B L 0 C K ( N F 1 , N F 2 , N F 3 , N C P A T , N T S E L , KCREP i 

c 
C BLOCK 4 CONNECT LINE I TO LINE 3. 
C 

NF1=NFND1 . . 
HF2=NFND3 
IF(NCPAT.NE.3) NFl=NSI+l 
IF(NCPAT.NE.3} NF2=NF3+1 
NN1=N3-N2 
IF(NNI,EQ.l) GO TO 85 
NPAT=0 
CALL BBLOCKi KCREP|NNI,NF1,NF2,NPAT,NTSEL) 

65 CONTINUE 
RETURN 
END 
SUBROUTINE COORDCiNS,HM,NN,DXG,TM,RI,ZI ) 

C 
C GENERATES NODAL COORDINATES. 
C 

COMMON /AOISC/X(300,2J,N0D(500,31,NREP(500) 
COMMON /ASOLV/XX(5,90J,XY(5,90> 
DY=TH/(NN-1} 
DO 20 L=1,NN 

20 XX(1,L)=RI 
DO 50 K=l,HM 

50 XY(K,1)=ZI 
DO 60 J=2,NN 
JM1=J-1 
DO 70 K=1,MM 
XY(K,J)=XY(K,JH1)+DY 

70 CONTINUE 
60 CONTINUE 

DO 80 J=1,MM 
00 90 K=l,NN 
L=NN*(J-1)+K+NS-l 
XCL,1)=XX(J,K) 
X(L,2)«XY(J,K) 

90 CONTINUE 
80 CONTINUE 

NEN»NS«-lMM*NN)-l 
NS=NEN4-1 
RI=X{NEN,1)+0XG 
RETURN 
END 

SUBROUTINE C00R01(NS,Nl,N2TS3,XLI,XL2,THl,TH2,RI,NPATi 

C GENERATES NODAL COORDINATES FOR COMPOSITE BLOCKS. C 
COMMON /ADISC/X(300,2),NOO{500,3),NREP(500) 
JJ»0 
KMs=l 
IFINPAT.NE.3» GO TO 20 
NN=N1 
OXG«XLl 
Zl-0. 
TH«THl 
CALL COORDCCNStHM-,NN,DXGfTHtRliZn 
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c 

15 CONTINUE 
2 I « T H l - T H 2 

T»-NTl f2 
0 X G » X L 2 
C A L L C 0 0 R D C ( N S , M M , N N , D X G , T H , R I , 7 n 
GO TO 25 

2 0 CONTINUE 
HN»:NL-N3+N2 
D X G = 0 . 
Z I « 0 . 
T H = T H 2 
C A L L C O O R D C i N S , M M , N N , D X G , T H , R I , Z I I 
Z I = T K + ( T H I - T H 2 J / ( N 3 - N 2 ) 
K K = N I - N N 
2 I = T H 4 - T H / ( N N - l i 
DXG=XL1 
T h N T H I - Z I 
C A L L C O O R O C ( N S , H M , N N , D X G , T H , R I , Z I | 
0 X G = X L 2 
T H « T H 2 

2 1 = 0 . 0 
CALL C O O R D C ( N $ , K M , N N , D X G , T H , R I , Z I } 

2 5 CONTINUE 
RETURN 
Ei^D 
SUBROUTINE FRVEC(THtLVEC,NOTO,NLH,NVLST tNOFLEX,NELEM, IV ) 

C GENERATES TOP FREE SURFACE NODE VECTORS AND VARIABLE NODE VECTORS. 

COMMON / A D I S C / X ( 3 0 0 , 2 ) , N 0 D ( 5 0 0 , 3 ) , N R E P i 5 0 0 ) 
COMMON / B f ) I S C / R V E C ( 50) , N D V E C ( 5 0 ) , X L E N ( 1 0 0 J 
COMMON / A E L E M / E L K ( 3 , 3 , 1 5 0 ) , E K ( 3 , 3 ) 
COMMON / A F R E E / H F i 5 0 ) ,NVKESH( 120 ) ,NVELM{1501 
J = 0 
H W = 2 . * T H 
0 0 10 I = l , N D T O 
J P = J + I 
Z H = H F ( J P ) 
Z D I F = ABS( ZH-X( 1 , 2 ) ) 
I F ( Z D I F . G T . O . 0 0 1 J GO TO 10 
J = J + 1 
N O V E C ( J ) = * I 
FIVEC( J ) = X ( I , I ) . 

10 CONTINUE 
L V E C = J 
DO 132 I ^ l . L V E C 
I F d i W . G T . R V E C d l ) GO TO 132 
r v = i 
GO TO 135 . 

1 3 2 CONTINUE 
1 3 5 CONTINUE 

C 
C GENERATE VARIABLE NODE VECTORS. 

B L I M = R V E C ( I V ) 
J = 0 
DO 2 0 I » l , N D T O 
I F i X d t D . G T . R L I M ) GO TO 30 
Z D I F = X ( I , 2 ) - T H - 0 . 0 I 
I F { Z D I F . L T . O . ) GO TO 20 
J==J + 1 
N V M E S H ( J ) = I 

2 0 CONTINUE 
30 CONTINUE 

N D F L E X = J 
NVLST^NELEH 
RETURN 
END 
SUBROUTINE BMOFIX ( HW, HO,NNODE , NBD, NDW, NORO, NBW, NSCREN, RW» 

C 
C I D E N T I F I E S NODES WHERE HEAD VALUES ARE PRESCRIBED. 
C 

COMMON / A D I S C / X i 300» 2) »NOD( 5 0 0 , 3) ,NREPi 500) 
COMMON / B D I S C / R V E C ( 5 0 ) , N 0 V E C ( 5 0 ) , J B 0 ( 9 0 ) , D I S P ( 9 0 J 
COMMON / H S C R E N / X S C R { 5 J , H S C R ( 5 ) 
K«=0 
KFND=1 
D̂ D 30 1 = 1 , NSC REN 
X S T - X S C R ( I ) - 0 . 0 1 
X E N D = X S T + H S C R ( I ) + 0 . 0 2 
DO 40 J « l , N N 0 0 E 
L « N F N 0 + J - l 
1 F l L . r O . l ) GO TO 2 2 2 
I F ( L . G E . N D W ) GO TO 30 

^^^ i F n x r L f 2 I . L T . X S T ) . O R . ( X ( L . 2 ) . G T . X E N D ) ) GO TO 70 
22 

J P D ( K I » L 
D I S P ( K I - H H 
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GO TO 
70 IF(X{L,2».GT,XrND) GO TO 30 
40 CONTINUE 

NFND^tL + l 
30 CONTINUE 

J-K 
NBW»J 
NST»NNOOE-NDRO<-I ' 
DO 25 I=NST,NNOOE 
J=J + 1 
JBDiJl«! 
DISPiJ)=HO 

25 CONTINUE 
NBD=J 
RETURN 
END 
SUBROUTINE BNDMODiNBW,HW,NBD,NSTEP,NBDTOI 

C 
C MODIFIES VECTORS JBD • 01SP. 
C 

COMMON /ADISC/X(300,2)rNnD(500,3J,NREP(500) 
COMMON /BDISC/RVECi 50),NDVbC(50),JBD(90),01SP(90) 
COMMON /AFREE/HF(50),NVMESH(I20),NVELM( 150J 
00 10 I=lrNBH 
J=JBD(I> 
7.J=X(J,21 
IFiZJ.GT.HWl DISPin = ZJ 

10 CONTINUE 
IFiNSTEP.EQ.lJ GO TO 20 
IP=NBD+1 
00 15 I=IP,NBDTO 
J=JBD(n 
DISPII)=X(J,2} 

15 CONTINUE 
20 CONTINUE 

RETURN 
END 
SUBROUTINE AQPROP{NELEM,RGP,BTGP, TH,IGP) 

C 
C COMPUTES VECTOR IPROP. 
C 

COMMON /A0ISC/X(300,2),N0D{500,3),NREPt500) 
COMMON /CSOLV/VD12000J,HINT(300,IJ ,IPR0P(500) |D(3,3) 
DO 10 I=1,NELEM 
J1«=N0D(I,I) 
J2>=N0D( 1,2) 
J3»=N0D(I,3) 
0RX = IX(J1, n+X{J2,l) + X{ J3,l)l/3. 
0RY=(X(J1,2) + X(J2,2)<XiJ3,2) ) /3. 
IPR0P(I)=1 
IF(IGP.EQ.O) GO TO 10 
IF( (DRX,LT.RGP),ANO.(ORY.GT.BTGP) ) IPR0P<I)«^0 

10 CONTINUE 
RETURN 
END 
SUBROUTINE MOMESHtKSURF,ESMAX,LVECtNDFLEX,SFTOL,HEIGHT, ORLXX) 

C 
C ADJUSTS FREE SURFACE POSITIO'^ AND MODIFY VARIABLE MESH. 
C 

COMMON /ADISC/X(300,2),NGD(500,3),NREP( 500) 
COMMON /8DISC/RVEC(50),NDVEC{50),JBD{90),DISP190) 
COMMON /AFREE/HF(50),NVMESH{I201,NVELM(150) 
COMMON /VCOM/0RX(500), VELi 500 ),H( 500) , I DARC Y{ 500) 
ORELAX=ORLXX 
NST»1 
KSURF»:0 
ESMAX=0. 
DO 10 I»I,LVEC 
RR=RVEC(I) 
J=NDVEC(I) 
HSTOR=HF(I) 
EPSI=H(J)-X(J,2) 
IFlESMAX.LT.ABS(EPSn J ESMAX« ABS( EPS I) 
IF{ABS(EPSn.LE-SFTOL) GO TO 25 
HF( n = HF( I) + EPSI/ORELAX 
XtJf2)=HF(I) 
KSURF«KSURF+l 
GO TO 26 

25 CONTINUE 
HF( I )«H{ J ) 
X<J.2)=HF(I) 

26 CONTINUE 
C" 
C ADJUSTS Z-COORDINATES OF VARIABLE NODES. 
C 

NDT-NVMESHINST) 
XCC»X{NDT»Hi-0.0I 
IFCRR.GT.XCC) GO TO 10 
Z0IF-X(NDT,2)-X(N0T-1,2) 
DXRTIO«(HF(I )-HEIGHT)/(ltSTOR-MEIGHT) 
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IFÍNST.EO.NDFLEXJ GO TO 10 . 
DO 19 K=NST,NOFLEX 
NK=NVMESH(K) 
XK»X(NK,1)-0,01 
IF(XK.GT.RR) GO TO 29 
ZST0R=X(NK,2> 
X(NK, 2)=X(NK-1,2)+DXRTI0«ZDIF 

19 CONTINUE 
29 CONTINUE 
NST = K 
IFÍNST.GT.NDFLEX) NST'NOFLEX 
X(J,2J =HF(I) 

10 CONTINUE 
RETURN 
END 
SUBROUTINE CONSTT (M, AK, 8K, ACONST, J I, J2, J3,NT) 

c 
C  COMPUTES NON-LINEAR COEFFICIENT FOR TRIANGULAR ELEMENTS. 
C 

COMMON /BELEM/5{150,3),C{150,3),AREA(150) 
COMMON /VC0H/0RX(50 0),VEL{5G0),H(500),IDARCY{500) 
HX=B(NT,1 )«H{ JL) +B( NT,2)*H{ J2)<̂BINT, 3)*H(J3) 
HY=C(NT ,l  Jl) i-Cl NT,2)*H(J2) «•CíNTíBi'fHÍ J3) 
HS» ABSÍ SQRT(HX«*2+HY**2)) 

C 
C  EVALUATE VELOCITY AND ITS DIRECTION AT EACH ELEMENT 
C 

TEMP»=0 .5*AK+SQRT (0. 25*AK**2+BK«HS ) 
VEL(H)=HS/TEMP 

C 
C  EVALOATION OF THE CONSTANT MULTIPLIER OACONSTO 
C 

ACONST=AREA{NT)*ORX(M)/TEMP 
500 CONTINUE 

RETURN 
END 
SUBROUTINE ELKGEN(H,NT1 

C 
C  GENERATES GEOMETRY MATRIX,ELK,FOR TRIANGULAR ELEMENTS-
C 

COMMON /AELEM/ELK(3,3,150),EK{3,3) 
COMMON /ADISC/X(300,2),NOD{50 0,3),NREP(500) 
COMMON /BELEM/D{150,3),C{150,3),AREA1150) 
COMMON /VC0M/0RX(500),VEL(500),H(500},IDARCY(500I 
J1=N0D(M,1) 
J2«N0D(M,2) 
J3=N0D(M,3) 
0RX(M) = (X(J1,1)+X{J2, 1)+X{J3, 1) )/3. 

10 CONTINUE 
IFÍNREP(M).EQ.NT) GO TO 50 
NT=NREPÍM) 
XJ"X(J2,I )-XlJl,I) 
XM=Xt J3,1)-X(J1,1) 
YJ«XI J2,2)-X( Jl,2) 
YM=X( J3,2)-Xi Jl,2) 
AREA(NT) = 0.5=flXJ*YH-XM*YJ) 
AFUN=2.*AREA(NT) 
B(NT, 1) = ( YJ-YM)/AFUN 
B(NT,2>=  {YM)/AFUN 
BÍNT,3)» (-YJ)/AFUN 
CÍNT, 1) = ( XM-XJ)/AFUN 
C(NT,2)=  (-XM)/AFUN 
CtNTfS)»  {XJ)/AFUN 
DO 100 I«l,3 
DO 100 J=l,3 
IF(J-II  105,110,110 

110 ELKII,J,NT)=B(NT,I)»BINT,Ji+C(NT|I)«CÍNT,JJ 
GO TO 100 

105 ELK(I,J,NT)=ELKÍJ,I,NTÍ 
100 CONTINUE 
50 CONTINUE 
RETURN 
END 
SUBROUTINE ELGENU(M,III,AK,BK,NT, VCOUNT,PHK) 

c 
C  GENERATES ELEMENT HATRIX,EK,FOR TRIANGULAR ELEMENTS. 
C 

COMMON /AELEM/6LK(3,3,150),EK(3,3) 
COMMON /ADISC/X(300,2),NOD(500,3),NREP(500) 
COMMON /BELEM/B( 150,3), C( 150, 3i,AREAn50) 
COMMON /VCO'̂ /ORX 5 50 0) , VEL ( 500 ) ,Hi 500 ), I DARCY(500> 
IF(IDARCY(M).EQ.O)  GO TC 70 
IF.( III .EQ.1Í GO TO 70 

500 CONTINUE 
J1«=N0D(M,1» 
J2»N00(M,2) 
J3»N0DIM,3I 
CALL CONSTT( M,AK,BK,AC0NST, Jlf J2» J3,NT» 
GO TO 80 

70 CONTINUE 
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PX»PHK 

ACONST=PX*ORX(M)«AREA(NT] 
80  CONTINUE 

DO 200  1=1,3 
DO 200  J=l,3 

EK(1,J l=ACONST*ELK(ItJ,NT) 
200  CONTINUE 

RETURN 
END 
SUBROUTINE  MERB3(N,H) 

C 
C  MERGES  ELEMENT MATRIX  EK INTO  GROSS VECTOR VK. 
C 

COMMON /ADISC/X(300,2i,N0D{500,3) ,NREPi500l 
COMMON  /AELEM/f:LK{3,3,150i,EK(3,3) 
COMMON /AS0LV/ISTART(300),NBAND(300),10(300) • 

COMMON /BS0LV/CK(300,1} ,VK(?000} 
DO  10  1 = 1,N 
IK=N0D(M,I) 
IFi IK.EQ. 0)  GO TO  10 
DO 20  J=1,N 
JK«=NOD(M,J) 
IF(IK.GT.JK)  GO TO  20 
IPOS=ID{IK)+JK-IK 
VK{ IPOS)=VK{ IP0S)4-EK(I,J) 

20  CONTINUE 
10 CONTINUE 

RETURN 
END 

SUBROUTINE ,EBFIN3{LEN,NH,NN,LL) 
c 
C  SUBROUTINE  TO GENERATE  BANDHIDTHS  OF BANDED SYMMETRIC  GROSS 
C  MATRIX.  NBAND CONTAINS THE BANDWIDTHS,  ID THE POSITION  OF THE 
C  TERM ON THE DIAGONALS OF THE ORIGINAL MATRIX,  LEN IS THE  LENGTH 
C  THE  VECTOR 
C 

DIMENSION  LV(3) 
COMMON  /ASOLV/ISTART(300),NBAND(300),10(300) 
COMMON /ADISC/X(300,2),N0D(500,3) ,NREP(500) 
DO 20  1=1,LL 
NBAND(I)=1 ,   ̂
ISTART (I)=>I 

20  CONTINUE 
C 
C  SCAN THROUGH THE LOCATION VECTOR FOR EACH MEMBER TO FIND 

C  THE  POSITION  OF THE TERM FURTHEREST  FROM THE DIAGONAL IN EACH ROW 
C 

NF2»3 
DO 25  1=1,NM 
DO 30  J=1,NF2 
LV(J)=NOD(I,J) 

30  CONTINUE 
DO 45  J=l,NF2 
IF(LV(J).EQ.O)GO  TO 45 
DO 40  K=1,NF2 
IF(LV(J).GT.LV(K))  GO TO 40 
NH=LViK)-LV(J)+l 
NR=LV(J) 
IF(NW.GT.NBAND(NR))  NBAND(NR)=NW 

40 CONTINUE 
45  CONTINUE 

C  SEARCH FOR THE FURTHEREST OFF-LEFT  TERM 
C 

DO 55  J=1,NF2 
IFCLV(J).EQ.O)  GO TO 55 
DO 65  K=1,NF2 
IF(LV ( J).LT.LV{K))  GO TO 65 
NW=LV(K) 
NR»LV(J ) 
IF(NW.LT.ISTART(NR) )  I START (N R)  W 

65 CONTINUE 
55  CONTINUE 
25  CONTINUE 

C 
C  SET  UP  ID VECTOR  AND COMPUTE LENGTH OF STIFFNESS  VECTOR 

C  ALSO CHECK THAT  NBANO DOES NDT DECREASE BY MORE THAN I AT A TIME 

C 
LEN»NBANO(l) 

DO 50  1=2,LL 
IFiNBANDd )-N9AN0( I-l).LT.O)  NBANOM ) «NBAND( 1-1 l-l 
LEN=LFN+NBANO(I) 

50  CONTINUE 
IO(l)=l 
DO 60  I'2,LL 

60  IDiI)=ID(I-l)*NBAND(l-l» 
RETURN 
END 

SUBROUTINE  QFLUX(NBM,NNOOE) 

C  MODIFIES  MATRIX  CK  BY ADDING THE FLUX TERMS WHICH EXIST AT  WELL BOUNDARY. 
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COMMON /ASOL V / I S T A R T O O O ) ,NBANDC300) , I D i 3 0 0 ) 
COMMON / B S O L V / C K i i O O » 1 J tVK taOOO) 
DATA N R E A D , N P R I N T / 1 , 3 / 
I F ( N B h . E Q . O J GO TQ 20 
NBP=NBM+1 
DO 10 I«NBP,NNOOE 
I S T « I S T A R T i I ) 
I F ( I S T - G T . N B M i GO TO 10 
I 1«=I~1 

0 0 30 J ^ I S T r N B H 

I P = I D ( J ) + K 
CK( I , I ) = C K ( I , l l - V K { i P I ' f C K i J , ! I 

3 0 CONTINUE 
1 0 CONTINUE 
2 0 CONTINUE . -

RETURN 
END 
SUBROUTINE S Y M S O L ( L L , N L L , NBH } 

C 
C AN I N CORE BAND SOLVER, 
C USE I N CONJUNCTION WITH TDPDLOGICAL SUBROUTINE FOR LARGE BANDWIDTH, 
C 

D IMENSION V T E M P ( 9 0 ) 
COMMON / B D I S C / R \ f E C ( 5 0 ) , N D V E C ( 5 0 ) , J B D ( 9 0 ) » D I S P { 9 0 » 
COMMON /ASOL V / I S T A R T { 3 0 0 ) , N ( 3 0 0 i , I D U M i 3 0 0 J 
COMMON / B S O L V / C i 3 0 0 , 1 ) , V { 2 0 0 0 ) 
DOUBLE P R E C I S I O N TEMP 
JBDUN=NBM-H . 
NBP=JBOUN • 
I D = l 
I F I N B M . E Q . O ) GO TO 150 
DO 100 1= 1, NBM 

1 0 0 CONTINUE 
1 5 0 CONTINUE 

DO 10 I = N B P , L L 
T E M P = V { I D ) 
NEB=ID+N( n - 1 
I D l = r D + l . 
I F ( I . E Q . J B D i J B O U N ) ) GO TO 16 

C NORMALISE ROW I 
C 

KK»0 
V i I 0 J « l . 0 
I F ( I D l . G T . N E B ) GO TO 29 
DO 20 J = I D 1 , N E B 
KK=KK4-1 
V T E M P ( K K ) « V i J ) 

2 0 V ( = J ) / T E M P 
2 9 CONTINUE 

DO 2 5 L = 1 , N L L 
C ( I , L ) = C ( I , L J / T E H P 

2 5 CONTINUE 
GO TO 

1 6 CONTINUE 
I F ( I D l . G T . N E B ) GO TO 39 
KK«=0 
DO 120 J » I D 1 , N E B 
KK=KK+1 
V T E M P I K K ) = V ( J ) 

1 2 0 V ( J ) = 0 , 0 
3 9 CONTINUE 

DO 1 2 5 L = 1 , N L L 
1 2 5 C { I , L ) = D I S P { J B O U N l 

JB0UN = JB0UN*-1 
C 
C E L I M I N A T I O N 
C 

CONTINUE 
I D J = I D 
I F i I D 1 . G T , N E 8 ) GO TO 3 5 
KK»0 
DO 30 J = I D 1 . N £ B 
J I « J - I D 1 + I 
I O J = I D J + N ( J I » 
KK*KK«- l 
I F ( V T E M P ( K K ) ) 5 0 , 3 0 , 5 0 

5 0 CONTINUE 
I F ( J B O U N , E Q . I ) GO TO 2^0 
J B M l « J B O U N - l 
I F ( I , E Q . J B O i J 8 M 1 1 I GO TO 1^0 

Z^tQ I D P « J 
DO 4 0 K » I D P , N E B 
K J « I O J ^ K - J 

4 0 V i K J ) = V { K J ) - V C K ) « V T E M P < K K ) 
1 4 0 CONTINUE 

DO 32 L » 1 , N L L 
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C(NJ,L l̂ CiNJ.LI-CdtD̂ VTEKPtKK) 
32 CONTINUE 
30 CONTINUE 
35 CONTINUE 

ID»ID*N(n 
10 CONTINUE 

C 
C  BACK SUBSTITUTION-
C 

ID«ID-l 
LLMI=LL-1 
LLl=LL-NBP 
DO 70 IB=ItLLI 
I=LLMl-IB+l 
ID=ID-N(I) 
IS-I+l 
IN=I+N(I1-1 
DO 80 J = IS,IN 

DO 75 L̂ ÎtNLL 
Cd tL )=C( I,L 1-CIJ,L )«V(NJi 

75 CONTINUE 
80 CONTINUE 
70 CONTINUE 

RETURN 
END 
SUBROUTINE SUROUTi KSURF ,ESHAX , LVEC»NDFLEX) 

C 
C  PRINTS OUT FREE SURFACE COORDINATES» 
C 

COMMON /ADrSC/X{300,2),N0D(500,3),NREP( 500» 
COMMON  /BUISC/RVECi50),NDVEC(50)tJB0(90)«DISPi90) 
COMMON /VC0M/0RX(500) ,VEL(500 ),H(500>,IDARCY(500) 
COMMON /AFREE/HF{50),NVMESH(I20l,NVELMi150) 
DATA NREAD»NPRINT/l ,3/ 
WRITE<NPRINT,3) 

3 FORMATl///,IOX,'FREE SURFACE POSITON«,//, 
I 15X,»RADIUS' ,10X,« SURFACE HEIGHT*,//) 
00 10 I=1,LVEC 
WRITECNPR1NT,13)RVEC(I),HF(I) 

10 CONTINUE -  • 
13 FORMAT (IOX,F10.2, lOX, F10.4) 

WRITE{NPRINT,23) KSURF,ESMAX 
23 FORMAT (///,10X, «SURFACE TOLERANCE COUNTER  «=',110,///t 
I lOXr'MAXIMUM ERROR OF SURFACE HEIGHT  =«,F12.4| 

c 
C  PRINT Z-COOROINTE AND HEAD VALUE OF FLEXIBLE NODES. 
C 
C»**  WRITE(NPRINT,33) 

DO 30 I=1,NDFLEX 
J=NVMESHin 
XV>:X( J, IJ 
ZV»XiJ,2) 
HV»H(Ji 
WRITE(NPR1NT,A3)J,XV,ZV,HV 

43 FORMAT(///,1OX,I 5, 15X, F 12.4,2(lOX, F12.4) ) 
33 F0RMAT(///,20Xt'HEIGHT AND HEAD OF FLEXIBLE NODES*,///f 
1 lOX, «NDDE NUMBER*,lOX,"R-COORDINATE* ,IOX,'Z-COORDINATE* 
2 , lOX, «HEAD VALUE* ,//J 

30 CONTINUE 
RETURN 
END 
SUBROUTINE VCHEC3CM,AK,BK,Jl,J2,J3,NT,PMK,VCR,GRRX, GRRY) 

C  COMPUTES ELEMENT VELOCITIES AND CHECK IF A PARTICULAR ELEMENT BELONGS 

C  TO DARCY OR NON-DARCY FLOW ZONE. 
C 

COMMON /BELEM/B(150,3),C(150,3),AREA(150} 
COMMON  /VCOM/ORX(500),VEL{500),H{500),IDARCY{500) 
HX=B(NT,l J*H{JL)+8(NT,2)*H(J2)+B(NT,3)*HtJ3) 
HY«C(NT,I>*H(J1)̂ C(NT,2)*H{ J2)+CiNT,3)*H(J3l 
HS» ABS( SQRTiHX**2+HY»*2)) 
GRRX=HX/HS 
GRRY=HY/HS 
IFt IDARCYCM) .EQ.O) GO TO 20 
TEMP=0.5*AK+SQRT(0.25*AK**2+BK*HS ) 
VEL(M)=HS/TEMP 
IF(ABS(VEL(M)).LE.VCR) IDARCYiM}«0 
GO TO 30 

20 CONTINUE 
VELCM)=PMK«HS 
IF(ABS(VEL(M)).GT.VCR) IDARCY(MI«1 

- 30 CONTINUE 
RETURN 
END 

SUBROUTINE QMULCNBW,OSUM) 

C  COMPUTES NODAL FLUXES AT HELL BOUNDARY. C 
COMMON /ASOLV/ISTART(300) ,NBAN0(3001 ,1D( 300 ) 
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COMMON /8QCAL/VKQ(600), QHB(40} 

COMMON  /BDI SC/RVtCi 50J ,NOVCC{ SO), JB0(90)»OISP{90) 

COMMON /VCm /ORX( 500), VCL( 500 ) ,H( 500) »IDARCY( 500) 

DO  10  L=l,NBW 

I»JBO(L) 

IF(L.EQ.NBW)  I=L 

I S  » ID(I ) 

IL  =  ID( r )+N8ANDiI)-l 

QWB(L)=0.0 

DO 20  J = IS,  IL 

K=r+J-IS 

QWB(L ) =QWB{L )+VKQ(J )*H(K} 

20  CONTINUE • 

IF(I.EQ.l)  GO TO  15 

II  =  I-l 

1ST»  ISTARTd) 

DO  30  J=  1ST,II 

K  = II-  Jîl 

IP  =  ID(J)  *• K 

OWBCL )=QWBtL )+VKQ(IP)*H(J) 

30  CONTINUE 

15  CONTINUE 

QSUM=QSUM+QWB(L) 

10  CONTINUE 

RETURN 

END 

SUBROUTINE QCALC(NBW, QSUM) 

C 

C  COMPUTES  TOTAL DISCHARGE INTO THE  WELL. 

C 

COMMON /ASOLV/ISTARTOOO) ,NBAND{300) , ID( 300J 

COMMON /BQCAL/VKQ(6C0) ,QWfl(̂»0) 

COMMON  / BDISC/RVECi 50),N0VECi 50), XLEN{ 180) 

COMMON ./VCOM/0RX(500) , VEL(500) ,Hl 500J,IDARCYi500) 

DATA  NREA0,NPRINT/1,3/ 

QSUM=0.0 

CALL  QMUL(NBW,QSUM) 

QSUM=ABS{  1416*QSUM) 

WRITE (NPR INT, 420 3) QSUM 

4203  FORMAT!////, lOX, «TOTAL DISCHARGE INTO THE WELL  «»»FIG.̂ ) 

RETURN 

END 

SUBROUTINE  TCURV3(H0,B,NNODE, QFIX, AK,BK, PHK,TH, J1 . 

C 

C  COMPUTES  TYPE CURVE FOR STEADY STATE  FLOW. 

C 

COMMON /ADISC/X(300,2),N0D(500,3) ,NREP(500) 

COMMON  /VC0M/0RX(500) ,VEL(500),H(500),IOARCY(500) 

PARAM=0.0 

THPI=44./7. 

IFiBK.GT.O)  PARAM=BK*QFIX*PMK/{TWPI*HO*B) 

DENOM= Z.i-QFlX/iTWPI »PMKl 

WRITE(3,3)PARAM 

3 FORMAT(///,10X,50{»*« ) ,/,10X,  ,13X,«STEADY  STATE TYPE  CURVE*, 

1  12X, »*',/i 10X,50l »••),///, 15X,'LAMBDA  =',F10.4| 

IF(J.EQ.2)  GO TO  5 

HRITE(3,23) 

GO TO  15 

5  CONTINUE 

WRITE(3,33) 

15  CONTINUE 

23  FORMATl//,IOX,«NOOE  NUMBER* ,I 9X, • R-COORDINATE« , lOX, • FUNCT ION WiU)« 

I , lOX, «ARGUMENT U',//) 

33  FORMAT C//,10X,'NODE  NUMBER', 1 5X,' Z-COORDINATE *, lOX, • FUNCTION W(Ui« 

I , lOX, 'ARGUMENT U' ,//) 

DO  10  I=1,NN0DE 

SDRAW = H0*H0-H( I )«*2 

SLESS=SDRAW/DENQM 

RLESS=X(I,1)/B 

WRITE (3,13)1 ,X( I, J» ,SLESS,RLESS 

10  CONTINUE 

13  FORMATdOX, I5,25X,F10.2,2(10X,E12.4) I 

RETURN 

ESQ SUBROUTINE  H0UT(NN00E,H0,HW,R0l 

C 

C  PRINTS  OUT NODAL  VALUES. 

C 

COMMON /ADISC/X(300,2 ),N0Di500,3) ,NREP( 500) 

COMMON /VCOM/ORX(500),VEL(500 ),H{500),IDARCY(500) 

DATA NREAD,NPRINT/1,3 / 
C 

WRiTE(NPRINT,A23) 

DO  10  I-1,NN0DE 

RHO«=X( I, 1 l/RO 

TZI«X{ 1,2)/H0 

SDLESS«(H0-H(I))/(t<O-HW) „r 
WRITE(NPRINT.953)I,X(I,1).X(I,2),H(I).RH0.T2I,SDLESS 

10  CONTINUE 

953 FORMAT (5X,I3,2(6X,Fl2.2},4(8X,FI0.4n  
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423 FORMAT C // /t 5X , 'NODE • f 5X ,» R-COORDI NATE• » 5X, • Z-COORDINATE • , 9X, 
I'HEAD VALUE« t9X, •RHO-COORD«,9X,«TZI-COORDS5X, »DIM, DRAWDOWN« »//I 
RETURN 
END 
SUBROUTINE SHUFCJF,NBD,NBW,MBDTO) 

C 
C SHUFFLES VECTORS JBD AND DISP. 
C 

DIMENSION JSEEPI50),DSEEP(501 
COMMON /BDISC/RVEC(50),NDVECi50),JBD(90),OISPC9O> 
NWID=NBD~NBW 
JS=0 
JST«NBOi-I 
JEND=NBDTO 
IFCJF,EQ.2) JST=NB0T0-NWID-H 
00 10 J=JST«JEND 
JS«JS+I 
JSEEPiJS)=JBD{J) 
DSEEPIJSI-DISPCJ) 

10 CONTINUE 
JST=NBW4^1 
JEND=NBD 
IFCJF.EQ.2) JEND=NBDTO-NHIO 
DO 15 J=JST,JEND 
JS*JS+I 
JSEEPiJS)=JBDtJI 
DSEEP(JSI=DISP(J> 

15 CONTINUE 
JS«0 
NST=NBW+1 
DO 20 J=NST,NBOTO 
JS«JS^1 

_ JBDCJl=JSEEPiJS) 
DISPCJI=DSEEP(JS) 

20 CONTINUE 
RETURN 
END 
SUBROUTIN«^ HYPftOPil VAK\ BRVP^K »VCR, AGP,B AL,3L, PML, VOL ) 

C IDEN^IFIrS HYO^^AULICS PROPE^^TItS OF EACH HL&MENT. ' 
-e-

Ĉ '̂H!:̂ J /CSILV/Vr (¿C.CO ,HIMT{3C0,1) ,IPRnP(50G) ,D(3,3) 
IF( 1PPCP(I).lQ.O) GO TG 10 
AL=AK : 
BL-ftK 
PML=PMK 
VCL = VCF; 
GO TO 20 
AL=AGP 
BL=BGP 
PML-PMGP 
VCL-v/G^ 

•20 COMTIMUr 
RETURM 
END 
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4.8 LISTING OF TRFREE 
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INTEGRATED WELL--AQU ITER SOLUTION SYSTEM. 

DEVELOPED  DY P.S.  HUYAKORN. 

TRFREE,PROGRAM FOR SOLVING TRANSIENT,FREE SURFACE,DARCY  OR TWO-REGIME 

FLOW USING TRIANGULAR  ELEMENTS. 

VERSION DATED OCTOBER,1973. 

FOR FURTHER  INFORMATION,CONTACT 

P«S.  HUYAKORN OR C.R.  DUDGEON 

WATER RESEARCH LABORATORY 

KING ST.,MANLY  VALE 

SYDNEY,N.S.W.  20 9 3, AUSTRAL I A. 

LIST  OF INPUT  VARIABLES 

• ALL READ STATEMENTS ARE LOCATED IN THE MAIN 

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

PROBLEM VARIABLES 

NPROB  =  NUMBER OF PROBLEMS TO BE SOLVED 
IVEL  =  VELOCITY PRINT-OUT  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 .IOISCR=D IF DISCRETISATION PRINT-OUT IS  NOT REQUIRED 
OTHERWISE FEED n  IDISCR-=1 

ORELAX  «  OVER-RELAXATION FACTOR FOR NON-LINEAR HEAD ITERATION 
SUGGESTED VALUE LIES BETWEEN I.00  AND 1.50 

RH  =  RADIUS OF HELL  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  OR A FEW PERCENT OF HO-HW 

QFIX  =  PRESCRIBED WELL DISCHARGE 
RCSNG  «=  RADIUS OF WELL CASING 
QRTDL  RATIO OF DISCHARGE TOLERANCE TO PRESCRIBED WELL DISCHARGE 

SUGGESTED VALUE IS 0.01  OR 0.02 
AK  »  F0RCHH5IMER LINEAR  HYDRAULIC COEFFICIENT  OF AQUIFER 

FEED IN AK = l./PM IF ONLY DARCY FLOW SOLUTION IS  REQUIRED 
WHERE  PM IS THE COEFFICIENT  OF HYDRAULIC CONDUCTIVITY  OF 
THE AQUIFER 

BK  =  NON-LHEAR HYDRAULIC COEFFICIENT OF AQUIFER 
IF ONLY DARCY FLOW SOLUTION IS REQUIRED FEED IN BK=0-

VCR  =  CRITICAL  FLOW VELOCITY  WHERE NON-OARCY FLOW COMMENCES 
SS  «  SPECIFIC  STORAGE COEFFICIENT  OF AQUIFER 

FEED IN SS=0. IF SPECIFIC  STORAGE EFFECT  IS TO BE NEGLECTED 
SY  "  COEFFICIENT  OF SPECIFIC YIELD  OF AQUIFER 
DINDEX  «  RECIPROCAL  OP DELAYED YIELD  INDEX 

FEED IN DINDEX=0.  FOR COARSE AQUIFER MATERIAL  IN WHICH DELAYED 
YIELD EFFECT MAY BE NEGLECTED 

IGP  «  GRAVEL  PACK INDEX,IGP=l  FOR GRAVEL PACKED WELL, 
IGP=0 FOR NON-GRAVEL PACKED WELL 

IBOUND  =  EXTERNAL  BOUNDARY  INDEX 
IB0UND=0 FOR BARRIER  BOUNDARY OTHERWISE  IBOUND 

IWBC  »  WELL BOUNDARY CONDITION INDEX 
IWBC=0 IF EFFECT OF WELL STORAGE IS TO BE NEGLECTED  OTHERWISE 
IWBC=l 

NSTEP  A PARA'̂ ETER USED TO INDICATE  WHETHER ONE- OR TWO- STEP 
FREE SURFACE ITERATION IS REQUIRED 
FEED IN NSTEP'2 FOR FREE SURFACE FLOW WITH SEEPAGE  FACE 
OTHERWISE FEED  H  NSIEP'l 

AGP  "  LINEAR  HYD̂ MJLIC CHEFFICIENT  OF GRAVEL PACK MATERIAL 
BGO  -  NON-LINEAR HYDRAULIC COEFFICIENT  OF GRAVEL  PACK  MATERIAL 
VGP  «  CRITICAL  FLOW VFLOCITY FDR GRAVEL  PACK MATERIAL 
THGP  «  THICKNESS OF GRAVEL  PACK 

BTGP  «  HEIGHT OF THF BASE OF GRAVEL  PACK ABOVE THE BOTTOM BOUNDARY 

OF THE  AQUIFER 

OISCRETISATION  PARAMETERS 

NTICR 
ITST 
TFACTR 
TMUL 
DTMUL 

TOTAL NUMBER OF TIME STEPS 
STARTING  TIME STEP  NUMBER 
VALUF  OF THE FIRST Tl t̂  STEP,EXPRESSED 
TIME multiplier,SlfOGESU'D  VALUE  VARIES 
INCRFMENT OF TIME  MULTIPLIER 

IN DIMENSIONLESS  FORM 
FROM I.53  TO 2.00 
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c 
c FRLEN 
c SUGGEST! 
c 
c SCFAC 
c 
c XLHAX 
c 
c IREG - 1 
c 
c 
c NMIN 
c 
c NOSC 
C 
c NSCREN 
c XSCRiI) 
c HSCRiI ) 
c 
C -- , V—— 
c 
r — 

LIST OF 

c NNODE 
c NELEK 
c IT 
c TMM 
c TM 
c X 
c H 
c RVEC 
c HF 
c TLESS 
c HLESS 
c IQ 
c SH 
c QAQFR 
c QSTRGE 
c QCALL 
c 
c QRDIF 
c 
c 
c NOD 
c VOL 
c VCOMPl 

c VC0MP2 
c IDARCY 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUGGESTED VALUE LIES BETWEEN 0. TO 0.02 
LENGTH OF FIRST SUBREGION 
VALUE IS FRLEN=RW 
FOR GRAVEL PACKED WELL,FRLEN MUST NOT EXCEED THICKNESS OF PACK 
SCALE FACTOR TO BE USED IN COMPUTING THE LENGTHS OF REMAINING 
SUBREGIONS.SUGGESTED VALUE IS SCFAC=I.50 
PRESCRIBED MAXIMUM BLOCK LENGTH TO AVOID ILL-CONDITIONED 
ELEMENTS .MAXIMUM VALUE OF XLHAX SHOULD NOT EXCEED 25.«'TH 
NUMBER OF REPEATED REGULAR BLOCKS WITH THE SAME NUMBER OF NODES 
ON THE LEFT AND RIGHT VERTICAL LINES 
SUGGESTED VALUE IS IREG=2 
MINIMUM NUMBER OF NODES ALONG A VERTICAL LINE 
TO MINIMISE THE T3TAL NUMBER OF NODES,SUGGEST NMIN=2 
TOTAL NUMBER OF NODES ON WELL SCREENiS) 
NDSC IS TO BE GREATER THAN OR EQUAL TO 2 
NUMBER OF SCREENED INTERVALS 
2-CnORDINATE OF BASE OF SCREEN I ABOVE DATUM 
LENGTH OF SCREENED INTERVAL I 

TOTAL NUMBER OF NODES IN THE FINITE ELEMENT NETWORK 
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 OP DRAWDOWN VALUES 
RADIAL COORDINATES OF FREE SURFACE NODES 
HEIGHTS OF FREE SURFACE NODES 
NODAL VALUES OF DIMENS IONLESS TIME,l/U 
NODAL VALUES OF WELL FUNCTION FOR TRANSIENT FLOW,HiU) 
DISCHARGE ITERATION NUMBER 
DRAWDOWN VALUE AT CURRENT TIME 
DISCHARGE FROM AQUIFER INTO HELL AT DRAWDOWN SW 
DISCHARGE FROM WELL STORAGE 
TOTAL CALCULATED DISCHARGE 
QCALL  DISCHARGE FROM HELL STORAGE + QAQFR 
RESIDUAL DISCHARGE 
QRDIF = THE ABSOLUTE DIFFERENCE BETWEEN PRESCRIBED AND 
DISCHARGE AND CALCULATED DISCHARGE 
NODE CONNECTIONS OF. ELEMENTS IN THE FINITE ELEMENT NETWORK 
ABSaUTE ELEMENT VELOCITIES 
RADIAL COMPONENT OF ELEMENT VELOCITY 

VERTICAL COMPONENT OF ELEMENT VELOCITY 
INDEX TO INDICATE IF A PARTICULAR ELEMENT BELONGS TO DARCY 
OR NON-DARCY ZONE,IDARCY=0 FOR ELEMENTS IN THE DARCY ZONE, 
IDARCŶ I FOR ELEMENTS IN THE NON-DARCY ZONE 

COMMON /HSCREN/XSCR{5),HSCP(5) 
COMMON  /ADISC/X(300,2),NnD{500,3),NREP(5G0) 
COMMON /BOISC/RVEC(!iO),NOVFC( 50 ), J BO ( 90), DI SP (90 » 
COMMON /AELrM/FLK(3,3,I50i,EK(3,3) 
COMMON /B=iLFM/B{ IS0,3) ,C( 150, 3) ,AREA( 150) 
COMMON /ASOLV/ISTART(300),NBAND{300),IDt300l 
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COMMON / B S O L V / C K O O O t U , V K ( ? 0 0 0 ) 
COMf-'.ON / C S n L V / V D ( 2 0 C 0 ) , H i N T ( 3 0 0 , l ) , 1 PROP { 5 0 0 ) , 0 { 3 , 3 ) 
COMMON / A F r < r E / M F ( 5 0 l , N V M r ; S H { l ? 0 } , N V f c L M ( l 5 0 ) 
COMMON / V C O M / O K X ( 5 0 0 ) , V f L ( 5 0 0 ) , H i 5 0 0 ) , 1 [ } A R C Y 1 5 0 0 ) 
COMMON / R Q C A l . / V K Q ( 6 0 0 ) , QWf>{40 ) 
COMMON / A C O R E / V C n R F { ? n O O ) , V K O « F ( 7 0 0 0 ) 
COMMON / A T I M E / T I M E t 6 0 ) , S k V l 6 0 ) ,OSW( 5) , 0 ' : A L C i 5 ) 
COMMON / A L E A K / Q L E ^ K < 5 0 ) . H C O L D { 5 0 ) , Z f ( 5 0 ) , F I N T ( 5 0 , I ) , G P i 4 0 I 
COMMON / A D P A R A / T L C - S 5 ( 300) ,HLE 5S ( 3 0 0 ) , G K i 3 0 0 . 1 ) , VOTOP{ ? 0 0 ) 
DOUBLE P R E C I S I O N O E X P , A R G U , V S H I T 
DATA N R E A D , N P R I N T / 1 , 3 / 

C 
Q « « « 4 c <(>!( 
c • 
C • BLOCK 1 » 
C • • 

c 
C P R I N T I N I T I A L H E A D I N G S 
C 

W R I T E ( N P R I N T , 9 9 3 ) 
W R I T E { N P R I N T , 1 0 1 3 ) 
H R I T E i N P R I N T t 1 0 2 3 ) 
W R I T E ( N P R I N T , 1 0 1 3 ) 
W R I T E I N P R I N T t 1 0 3 3 ) 
W R I T E ( \ ' P R I N T , 1 0 1 3 ) 
W R I T E ( N P R I N T , 1 0 0 3 ) 

9 9 3 FORMAT I I H 1 , 4 X , 5 1 H 
I « « ) 

1 0 0 3 F 0 R M A T ( 5 X , 5 1 H ) 
1013 F O R M A T ( 5 X , 5 1 H « 
1023 F O R M A T ( 5 X , 5 1 H * F I N I T E ELEMENT S O L U T I O N OF » ) 
1033 FORMATt 5X , 51H TRAN SI EMT, T WO-R E G I ME, FREE SURFACE FLOW. * ) 

R E A O t N R E A D , 10 11 ) N P R O B , I VEL , ID I SCR, ORE LA X $ l 
1011 F 0 R M A T { 3 I 1 0 , F 1 0 . 2 ) 

C 
C READ AND P R I N T GENERAL DATA 
C 

DO 4 8 0 0 J P R 0 = 1 , N P R 0 B 
W R I T E ( N P R I N T , 9 0 0 3 ) J PRO 

9 0 0 3 F 0 R M A T ( / / / , 2 0 X , 5 0 ( • * • ) , / , 2 0 X , , 1 3 X , «PROBLEM NUMBER «=*, 
1 I 6 , 1 2 X , ' * » , / , 2 0 X , 5 0 { » * « ) ) 

C 
C READ AND P R I N T GENERAL D A T A . 
C 

R E A D ( N R E A D , 2 0 0 1 ) R W , R O , H O , T H , H T Q L $ l 
2001 F 0 R M A T ( 5 F 1 0 . 2 ) 

R E A D i N R E A D , 20 D Q F I X , RC SNG, QRTOL $1 
201 F 0 R M A T ( 3 F 1 0 . 2 ) 

W R I T E ( N P R I N T , 2 1 9 3 ) R W , R 0 , H O , T H , O R E L A X , H T O L . Q F I X , Q R T O L 
2 1 9 3 FORMAT ( / / / , 20X, 'GENERAL I N P U T D A T A ' , / / , 

1 l O X , « R A D I U S OF HELL = ' , F 1 0 . 2 , / / , 
2 l O X , ' E X T E R N A L RADIUS = « , F 1 0 . 2 , / / , 
3 l O X , ' I N I T I A L H E I G H T DF WATER T A B L E = « , F 1 0 . 2 , / / , 
h l O X , « I N I T I A L SATURATED T H I C K N E S S OF A Q U I F E R « • , F 1 0 . 2 , / / , 
5 l O X , « O V E R - R E L A X A T I O N F A C T O R = « , F 1 0 . 2 , / / , 
6 l O X , ' P R E S C R I B E D HEAD TOLERANCE = « , F 1 0 . 2 , / / , 
7 l O X , « P R E S C R I ^ E D WELL DISCHARGE = ' , F 1 0 . 2 , / / , 
B l O X , ' D I S C H A R G E TDLERANCE R A T I O = « , F 1 0 - 3 ) 

Q R T O L = Q R T O L * Q F I X / 2 . 0 
R E A D ( N R E A D , 3 0 1 3 ) A K , B K , V C R , S S , S Y , D I N D E X $l 

3 0 1 3 FORMAT ( 6 E 10. 2 ) 
S F A C = D I N 0 E X * S Y / 6 . 
D I N D E X = D I N D E X / 1 0 0 0 . 
S S = S S * 1 0 0 0 . 
P M K = 1 . / A K 
I F i V C R . G T . 0 . 0 0 0 0 1 ) PMK« 1. / {AK«^BK* VCR) 
PM«PMK 
W R I T E ( N P R I N T , 2 3 ) AK , 8 K , V C R . S S , S Y , D I N D E X 

2 3 F 0 R M A T ( / / , 2 D X , ' A Q U I F E R P R O P E R T I E S ' , / / , 
1 l O X , • F O R C H H E I M E R C O R F F . A = ' , F 1 0 . 4 , / / , 
2 l O X , « F O R C H H E I M E R C O E F F . B = ' , F 1 0 . 4 , / / , 
3 l O X , ' C R I T I C A L FLDW V E L O C I T Y = « , F 1 0 . 4 , / / , 
4 l O X , « S P E C I F I C STORAGE. « • , E 1 0 . 3 , / / , 
5 l O X , ' S P E C I F I C Y I E L D = ' , E 1 0 . 3 , / / , 
6 l O X , ' R E C I P R O C A L OF DELAYED INDEX = ' , E 1 0 . 3 } 

R E A D { N f t E A O , l l l ) I G P , I B O U N O , I W B C , N S T E P 
111 F 0 R M A T ( 4 I 10) 

W R I T E ( N P R I N T , 1 < > 3 ) I G P , I B Q U N 0 , I W 8 C , N S T E P 
193 F O R M A T d O X , « GRAVEL PACK INDEX = ' , I 5 , / / , 

1 l O X , « B O U N D A R Y INDEX = ' , I 5 , / / , 
2 l O X . ' W E L L B . C . IMDfX = ' , I 5 , / / , 
3 • l O X , ' A D O P T ' , 1 3 , ' STEP FREE SURFACE I T E R A T I V E S C H E M E ' I 

RGP»RW I F ( I G P . E Q . O ) GO TO 29 
r x E A D t N R E A O , 3 3 l ) A G P , B G P , V G P , T H G P , B T G P 

331 F 0 R M A T ( 5 F t 0 . 3 ) 
RGP^RWfTHGP 
G R G P = A G P * V G P + B G P * V G P * » 2 
P M G P - l . / A G P 
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IF(0RGP.GT,0.J PMGP=VGP/GRG P  

HRITntNPRiNr , 153 JAGP.RGP, VGP» PMGP 

153 FORMAT(///,;>OX , "GRAVEL PAC K P o.OPFRT I ES'/// 

1 lOX , «CnEFFrC IGNT A =',F10.4/ / 

2 lOX,•COFfFICItN T B  = ',F10.4/ / 

3 lOX,«CRITICA L VFLOCIT Y =  ',F10.4/ / 

** lOX , 'CQEFFICICN-T K «= •tFlO.4) 

WRITE{NPRINT,163 JTHGP, RGP 

163 FORMATdOX,'THICKNESS O F PACK = «»FIO.Z/ / 

1 lOX,'RADIU S OF PACK «= SFIO.Z//} 

29 CONTINU E  

C 
C 
C *  •  

C *  BLOC K 2 •  

C *  *  

c 
c 
C REA D AND PRINT TIME DATA . 

C 

READ{NREAD,12I)NTICR,ITST,TFACTR,THUL,DTHUL $ I  

121 F0RHAT(2 I 10,3FL0.2) 

C 
C REA D AND PRINT DISCRETISATIDS DATA .  
C 

READiNREAD, 90IJFRLEN,SCFAC,XLHAX, IREGtNHIN $ 1  

901 F0RMAT(3F10.2,2I10 )  

READ(NREAD,801)NDSC,NSCREN $ 1  

801 FORMA T (21 10) 

IPENTRsO 

C .  

C REA D HELL SCREEN DAT A 

C 

WRITE{NPRINT,553) 

553 F0RMAT(//,5X,'SCREEN NO.' ,lOX,'BASE HEIGHT',14X,•LENGTH»,// }  

SCLEN=0.0 

DO 702 I=I,NSCRE N •HSCREN «  

READ(NRnA0,601lXSCRiI),HSCR(I ) $ 1  

601 FORHAT(2F10,2 )  

SCLEN=SCLENt-HSCRlI ) 

WRITE(NPRINT,563)1,XSCRiI),HSCR(I) 

563 F0RMAT(7X,I6,13X,F11.2,eX,F10.2 )  

702 CONTINUE / •  

C 

C GENERAT E AND PRINT DISCRETIZATION DATA . 

C 
CALL GXNODUiIPENTR,NDSC,SCLEN,FRLEN,SCFAC,XLHAX,IREG,NMIN,RW»RO ,  

I TH,NN0DE,NELEM,LVEC,NLM,NVLST,HEIGHT,NDFLEX,H0,HH,IDISCR )  
c 
C GENERAT E IPROP .  

C 
CALL AQPROP(NELEM,RGP,BTGPtTH,IGP )  

C 

C *  »  

C •  BLOC K 3 *  

C *  *  
Q 

C 

CALL~TIGEN(NTICRtTFACTR,TMUL,DTMUL,RW,PM,SS,IWBC,QFIX,TPAT} 

CALL VOFB(LVEC )  

c 
c FIN D BANOHIDTHS ETC . 

C 

CALL EBFIN3(LEN,NELEM, 3,NN00E1 

WPITE(NPRINT,233)LEN 

233 FORMATl///,10X,'LEMGT H OF GROSS VECTOR -«,18 1  
C 
c FOR M MATRIX EL K 

C 
NT«0 

NN«3 

DO 435 IE«1,NELE M  

CALL ELKGENdEtNT I  

435 CONTINU E 

C CALCULAT E HEAD AT VARIOUS TI«E VALUE S 

C 

ROMAX«Rn 

TMIS=TH«PM 

FPI=88./T-CUNST=QFIX/{FPI»TMI S) 

IFCSS.GT.O.) DIFFUS=PH/S S  

LVST«=2 

NST=NDVEC(1I 

LSTFL«NDVEC(1» 

NELTO«NELEM 

DO 642 I«l,LVE C  

HCOLD(n = HO 
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Z F ( n « H O 

P I N T J 1 , 1 ) « H O 

6 4 2 Q L E A K ( n = 0 , 

If"( I T S T . E Q . n n o T O 1 2 4 5 

C A L L H R E A D l N N O n S t I , n 

C A L L H P U N C H i N ' N O D S , 3 , 1 ) 

C A L L H R E A C ( L V C C , I , 2 ) 

C A L L K P I J N C H { L V E C , 3 , 2 ) 

I S T = N N O O S + l 

D O 1 3 4 5 I = I S T , N N O O E 

H C I ) = H 0 

1 3 4 5 C O N T I N U E 

G O T O 1 4 4 5 

1 2 4 5 C O N T I N U E 

0 0 3 5 4 5 I = 1 , N N ' 0 D E 

H ( n = H O 

3 5 4 5 C O N T I N U E 

1 4 4 5 C O N T I N U E 

D O 2 4 5 I « 1 , N N 0 D E 

H I N T { I , 1 ) = H ( I ) 

G K { I , I ) = 0 . 0 

2 4 5 C O N T I N U E 

D E L T ^ T I M E ( 1 ) 

N D T O = N N O O E 

_ .. I T M I N = N T I C R 

Q A Q r - R = 2 . « Q R T 0 L 

S W O L D = H Q 

D S O L D = 0 . 2 5 * H O 

I F ( I v m C . E Q . O ) R C S N G = 0 . 0 

1 S T « ! 

F Q = O e O 

^ 5 Q I T E R = 5 

C 
C S E T J O A R C Y . 

C 
D O 2 9 9 I = l , N E L E M 

J D A R C Y ( I ) = 0 

2 9 9 C O N T I N U E 

C 
C L O O P I N G W I T H L O O P P A R A M E T E R I T = l , N T I C R 

C 

D O 7 0 0 7 I T = I T S T , N T I C R 

I T C U R = I T 

I F ( I T . G T . l ) D E L T = T I M E i I T ) - T I H E ( I T - l ) 

T K = T i M E l I T ) 

L V S T r = L V E C 

N S T = N N O O E 

T M K = T M - D E L T * 0 . 5 

W R I T E ( N P R I N T , 6 B 3 ) I T 

6 8 3 F O R M A T ( / / / , L O X , 3 5 ( ) , / , 1 0 X , * * * , 4 X , 

I « T I M E S T E P N U M B E R = • , I 5 , 5 X , • , / t l O X , 3 5 C • • • ) ) 

T H I L » T M M / 1 0 0 0 . 

W R I T E ( N P R I N T , 3 3 3 ) T M I L 

3 3 3 F 0 R M A T ( / / / , 1 0 X , 4 1 ( « * « ) , / , 1 0 X , • • S 9 X , « T I M E , 

1 E 1 4 . 3 , 9 X , • « ' , / • 1 0 X , 4 1 ( • • » ) , / / ) 

W R I T E ( N P R I N T , 3 4 3 ) R O , N N O D E , N E L E M , L V S T 

3 4 3 F O R M A T ( / , l O X , ' E S T I M A T E D R A D I U S O F I N F L U E N C E = « , F 1 0 . 2 f 

1 / / , l O X , ' C O R R E S P O N n i N O N O . O F N O D E S » ' , 1 5 , / / , 

2 1 0 X , « C O R R E S P O N D I N G N O . O F E L E M E N T S = ' , 1 5 , / / , 

3 1 0 X , • C O R R E S P O N D I N G C O M P O N E N T O F V E C T O R N D V E C = « , I 5 ) 

C 

c C O M P U T E D I M E N S I O N L E S S T I M E . 

c 
C O N S = T M M 

I F C S S . G T . O . ) C 0 N S = 4 . 0 * D I F F U S » T M M 

D O 9 0 9 1 » 1 , N N 0 D E 

T L E S S d ) = C O N S / X ( 1 , 1 ) » » 2 

9 0 9 C O N T I N U E 

C F O R W A T E R T A B L E A Q U I T A R D C O M P U T E B O U T O N « S I N C R E M E N T A L D E L A Y E D Y I E L D . 

C 
A R G U = - D I N D E X * D E L T « 0 . 5 

T E R M = D E X P ( A R G U ) 

E S = S Y * ( l . - T E R M ) 

I F ( D I N D E X . L E . 0 , 0 ) E S = S Y 

E S » E S * 1 0 0 0 . 

C 
c I N I T I A L I S E H E A D V A L U E S . 

C 
I F d T . E O . U G O T O 1 6 5 

6 7 7 C O N T I N U E 

D O 1 5 5 I = l , N N O O E 

H I N T I I , 1 ) = H ( I ) 

• 1 5 5 C O N T I N U E 

1 6 5 C O N T I N U E 

C ' S E T U P L O O P F O R W E L L D I S C H A R G E I T E R A T I O N . 

C 
D O 9 9 8 I O « l f N Q l T E R 
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C SET IDARCY»=JDARCY. 
C 

00 1559 l=l,NNODE 
H{I) = HINT{I, IJ 

1559 CONTINUE 
DO 99 I='l,NELEM 
1 DARCY( n«JOARCY{ n 

99 CONTINUE 
WRITE(NPRINT,5003) 

5003 F O R H A T i / , 5 X , 3 0 { • ) ) 
CALL FQSETlIT,ITCUR.OELT,FQ.TPAT) 

C 
C ADJUST VALUE OF HELL DRAWDOWN. 
c 

CALL SWHOOdQ, IT.RCSNG, OELT,QFIX,QAQFR,SWOLD,DSOLDt TPATtFQ.HO) 
WRITE{NPRINT,633)IQ,DSWIIQ),SW(IT> 

833 F0RMAT(///,10X,'DISCHARGE ITERATION NUMBER =',I10,//, 
1 lOX,' HEAD INCREMENT ='»F10.3,//, 
2 lOX,' HEAD VALUE =',F10.3,/) 
HH=SW(IT) 
IFiSCLEN.GT.HFlU) SCLEN=HF (n-0.02 
2B=TH-SCLEN 
IF( IPFNTR.EQ.Ol ZB= SCLEN 
NDW=NDVEC(1) 
NDR0=NDVEC(L VEC J-NDVECILVEC-11 
CALL BNDFIXi IPENTR,Z3,HW,H0,NN0DE,NBD,N0W,NDR0,NBH) 
NBQ=NBW+1 

C 
C ^ MODIFY VECTORS JBD •»• DISP 
C 

CALL BNDM0D(N8W,HW,NBDt1»N8DT0) 
IFÍNSTEP.EQ.1) GO TO 706 

c 
C FOR TWO STEP ITERATION,ALSO PRESCRIBE FREE SURFACE POINTS, 

IST=NBD+1 
IEND=NBD<-LVEC-I 
J=0 
DO 806 I»IST,IEND 
J=J+1 
J B D d ) = NDVEC(J ) 
DISP{n=HF(JJ 

806 CONTINUE 
NBOTO=IEND 

706 CONTINUE 
C 
c 
C SET UP LOOP FOR ITERATION ON H 
C 

VCOUNT-0 
SFTOL=HTOL 
NCOUNT=NNODE 

C 
C ONE OR TWO STEP ITERATIVE LOOP. 
C 

00 999 II 1=1, 10 
C 

NHW=0 
NBP=NBW+I 
CALL BNDMOD(NBW,HW,NBD,l,NBDTO) 
DO 117 1 = 1,NBW 
CKCl,1)=0ISP(I) 
IF(CK(I .n.LE.HW) NHW=NHW+1 

117 CONTINUE 
DO 099 ISTEP«1,N5TEP 
IF{ISTEP.EQ.2} NBP^NHW+I 
00 305 I = N5P,NN0DE 
CK(I,n=GK(I,ll 

305 CONTINUE 
IF(ISTEP.EQ.2) GO TO 509 

C 

c • • 
c » BLOCK 4 * 
C • • 

C ZERO GROSS STIFFNESS MATRIX AND LOAD MATRIX 
C 

00 300 I«l,LEN 
VC0RE(I)=0.0 
V0(I)=0.0 

300 CONTINUE 
C c MODIFY MATRIX ELK 
C 

IFdII.EQ.ll GO TO 307 
NT'^O 
00 207 IE«NLM,NVLST 
CALL ELKGEN(IE,NÍ) 
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207 CONTINUE 
307 CONTINUE 

C 
C MODIFY VECTORS JBO * 01SP. 
C 

NBX=N8W 
CALL BNDM0D(NBX,HW,NBD.NSTEP, NBDTOJ 

C 
c COMPUTE STIFFNESS MATRIX F3R EACH ELEMENT AND MERGE 
C 
c FOR IÎI=1 ONLY PERFORM SOLUTION FOR DARCY CASE 
C 
c 
c FORM GROSS VECTOR VD. 
C 

NT=0 
SC=SS 
00 135 IE«1,NELEM 
CALL ELGND^(NTtSC,IE) 
CALL MERBOlNNtlE) 

135 CONTINUE 
CALL VECMUL( NN0DE,LEN) 

C 
C COMPUTE BOULTON'S DELAYED YEILD. 
C 

CALL GVMOD(LVST,ES,1) 
IF(IT.EQ.1) GO TO 278 
FTERM=0.5«0ELT*SFAC 
CALL GKMOD(LVST,FTERM) 

278 CONTINUE 
DO 1378 1=1»NBW 
JJ=JBD(I) 

1378 GP(I)=GK(JJ,1) 
GP(NBW<-1)=»GK(NBW<^1, 1} 

C 
C SET VECTOR CK. 
C 

DO A305 I=NBP,NNOOE 
4305 CK(I, n^GKtl, l) 

DO 350 I=ltNELEM 
IF(IPR0P(I).EQ,0) GO TO 755 
NT=NREP(I) 
AKK=AK 
BKK=BK 
PKK=PMK 
GO TO 365 

755 CONTINUE 
AKK=AGP 
BKK=BGP 
PKK=PMGP 

365 CONTINUE 
CALL ELGENU(I,IIIfAKK,BKK,NT, VCOUNTtPKK) 
CALL MERB3(NN,I) 

350 CONTINUE 
DO 978 I«1,LEN 
VK(I)=0,0 

978 CONTINUE 
CALL GVK0D(LVST»ES,0) 
00 530 1=1,LEN VSHIT=VCORE{I)*DELT*0.5+VD(I)+VK(I) 
V K ( n = VSHIT 
VKORE(n = VKÎI) 

530 CONTINUE 
I=NDVEC(1)+1 
LNN=ID<n-l 
DO 122 l'-lfLNN 
V K Q d l^VKÎI) 

122 CONTINUE 
C 

NBF=NBD 
IF(NSTEP.EQ.2} NBF«=NB0T0 
GO TO 809 

509 CONTINUE 

C SHUFFLE MATRICES JBO • DISP. 
C 

J=0 
DO 709 1=1,NBW 
HWTEMP«HW+0.01 
ÎF(DISP(I).LE-HWTEHP) GO TO 709 
J«J + 1 
JSEEPC J)='J80(I> 
JBOCn»JBO(SflH+Jl 
DSEEPiJ>=OISP(I> 
DISP(11=D1SP(NQW+J> 709 CONTINUE 

C 
nbf«nbd-j 
IFtJ.EQ.OÎ L'NBW 
IFÎJ.EO.OÏ GO TO 7199 
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DO 719 I-1,J 
iPOS=jsf:EP(i i 
L=NBW~J+I 
CKi IPOS, 1 ) = QWB{L )-i-GP(L) 

719 CONTINUE 
7199 CONTINUE 

IP»IP0S+1 
CKCIP, U-'QWBiL + l )<-GK(IP,l) 

: REGENERATE MATRIX VK. 

DO 1302 1=1,LEN 
VK( n = VKORE( T ) 

1302 CONTINUE 
609 CONTINUE 

« • 
* BLOCK 5 • 
* • . 
«ciMt« « >(<« « 4c« « 

SOLVE EQUATIONS BY OANDEO S3LUTI0N SCHEHE 

NLL = 1 
NBH=NBP-1 
CALL QFLUX(NBH,NNODE) 
IFiNBF.LE.NBD) GO TO 482 
CALL SHUF ( 1, NBD,NBW,NBDTQ ) 
CALL SYMSOL(NNODE,NLL,NBM) 
CALL SHUF (2, NB0,NBV<,N30T0) 
GO TO 582 

482 CONTINUE 
CALL SYMSOL{NNODE,NLL,NeH) 

582 CONTINUE 
IFiNSTEP.EQ. U GO TO 959 
1F{ISTEP.EQ.2) GO TO 959 
DO 949 I=1,NN0DE 
H{II=CK{I,1) 

949 CONTINUE 
NBQ=NBH+l 
CALL QMULTCNBQ.QSUM ) 

959 CONTINUE 
irdSTEP.EQ.IJ GO TO 899 

729 

899 

RESHUFFLE MATRICES JBD + DISP. 

IF(J.EQ.O) GO TO 899 
DO 729 1=1, J 
IPOS=NBW-J+I 
JBDi IPOS)=JSEEP{I) 
OISP(IPOS)=DSEEP(I) 
CONTINUE 
1F( ISTEP.LT.NSTEP) NBP»NBW«-1-J 
CONTINUE 

PRINT OUT SOLUTION 
ONLY THE DARCY AND 

FOR FUNCTION 
FINAL SOLUTIONS 

415 

460 

450 

900 

950 
1999 

IF(III.EQ.l) GO TO 900 
CONTINUE 
NC0UNT=0 
EKAX=0.0 
DO 450 I=1,NN0DE 
EPSI'CKd ,11-H(n 
IF{ABS(EPSn.GT.EMAXJ 
IFiABSlEPSI).LE.HTOL) 
NCOUNT«NCOU?<T+1 
HCn«H{IJ+ORELAX«EPSI 
GO TO 450 
CONTINUE 
H(I ) = CK( 1,1» 
CONTINUE 
GO TO 1999 
CONTINUE 
DO 950 I=1,NN0DE 
H(I )=CK(I,1) 
CONTINUE 

CONTINUE 

REGENERATE IDARCY 

DO 199 I=1,NELEH 

EHAX=ABS(EPSn 
GO TO 460 

199 

Jl«NODtI,lJ 
j2«Nnnu, 2i 
J3«N0D(I,3) 
NT«NREP(I) 
CALL VCMEC3(I,AL,BL,J1,J2,J3,NT,PML,VCt,HRRX,HRRY) 
CONTINUE 

CALL H Y P R D P ( I , A K , 8 K , P M K ^ V C R , A G P ^ B G P , P M G P , V G P ^ 
AL.BL^ PML;,VCL) 
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C MODIFY THE VARIABLE MESH. 
C 

CALL KOMESH(KSURFf ESMAX.LVEC,NDFLEX,SFTOL,HEIGHT,ORELAX) 
C 
C PRINT OUT ADJUSTED FREE SURFACE POSITON. 
C 

IFiNCOUNT.EQ.O) GO TO 1000 
999 CONTINUE 
1000 CONTINUE 

WRITE(NPRINT,A13) III 
413 FORMAT(//,10X, «NUMBER OF ITERATIONS REQUIRED =',I10) 

WRITE(NPRINT,473)NCOUNT.EMAX 
A73 F0RMAT{//,10X,'TnLERA\C£ COUNTER FOR HEAD =»,I3,//, 

1 lOX,'ABSOLUTE MAXIMUM ERROR IN HEAD 
c 
C CHECK FOR ACCURACY OF DISCHARGE RATIO. 
C 

DWD=DSW(IQ) 
CALL AQDIS(NBQ,QAQFR,QRDIF,DELT,TH,RCSNG,IQ,QFIX,DHD) 

C 
C 
C PRINT FINAL DISCHARGE VALUES. 
C 

QCALL=QCALCiIQ) 
QSTRGE=QCALL-QAQFR 
WRITEtNPRINT,1203)QAQFR,QSTRGE,QCALL,QRDIF 

1203 FORHAT(///,IOX,'DISCHARGE FROM AQUIFER INTO WELL »«»FIZ.^,//, 
1 lOX,'DISCHARGE FRO^ WELL STORAGE =',F14.3,//, 
1 lOX,»TOTAL CALCULATED DISCHARGE =*,F14.3,//, 
210X,'RESIDUAL DISCHARGE =',F10.4) 
IF(QROIF.LE.QRTOL) GO TO 1102 

C 
C RESET TRIAL FREE SURFACE POSITION AND ADJUST Z-COORDI NATE. 
C 

CALL FOMESH(LVEC,NDFLEX,HEIGHT) 
998 CONTINUE 
1102 CONTINUE 

CALL SUR0UT(KSURF,ESMAX,LVEC,NDFLEX) 
c 
C RESET JOARCY, 
C 

DO 3599 I«l,NELEH 
J D A R C Y d )=IDARCY( I) 

3599 CONTINUE 
SWOLD=SW( IT) 
DO 470 I=1,NN0DE 
IFCITCUR.GT.IT) TLE SS ( D-TLESS (1) «TH/THM 
HLESStI)={HO-H{I))/CUNST . 

470 CONTINUE 
CALL ROUT(NNODE) 

C 
C COMPUTE AND PRINT ELEMENT VELOCITIES 
C 

IFlIVEL.EQ.O) GO TO 557 
HRlTEtNPRINT,4203) 

4203 FORMAT I / //,20X,» / 1 20X, •» ELEMENT VELOCITIES / 
2 20X, 
310X,'ELEM NO.»,IPX, 'RADIAL VEL',lOX,'VERTIC VEL',IPX,'IDARCY',//^ ) 
DO CALL HYPROPCI, AK, BK^ PMK,VC R,AGP;, BGP^ P M E P , VGP^ 

J3=N00(I,3) 
NT=NREP{I) 
CALL VCHEC3( I,AL,BL,J1,J2,J3,NT,PML, VCL„HRRX,HRRY) 
VC0MP1=-VEL(I)«HRRX 
VC0MP2=-VEL(I>*HRRY 
WRITE(NPRINT, 110 3)I,VC0HP1,VC0MP2,IDARCY(IJ 

1103 FORMAT(IOX,I5,2( 10X,F10.3),10X,I5) 
3000 CONTINUE 
557 CONTINUE 

IF(IT.GT. ITMIN) GO TO 577 
IF(ITCUR.GT.IT) GO TO 7000 
TMIL=TM/1000. 
WRITEINPRINT,333) TMIL 
ITCURofT+l 
GO TO 677 

577 CONTINUE 
TMIL=TK/1000. 
WRITE(NPRINT,333I THIL 

C OBTAIN HEAD VALUES AT THE END OF TIME INTERVAL BY EXTRAPOLATION. 
C . 

DO 477 I=l,NNODE 
TLESStI )«TLFSS(I)•TM/THM 
H ( I ) = 2 . 0 « H l I ) - H I N T ( I , n 
HLESS{n=(HO-H(I ) )/CUNST 

477 CONTINUE 
SWTEMP»SWOLD 
SW0LD«H(1)-H0 
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QFReQAQFR 
DWTEMP=SWOLt)-SWTEMP 
QAQFR=QFR«SWOLD/SWTEHP 
ACSNG = 22» >f<C.SNG* 7. 
TRM=ABS{ ACSS/G*DWTFMP*2,/DELT) 
QCALL=QAQFR*^TRM*10.**3 
QRDIF^iABS (QFIX-QCALL) 
SW{IT)=SWOLO 
QWSTR=QCALL-QAQFR 
WRITE(NPRINT,120 3)QAQFR,QWSTR,QCALL,QRDIF 7009 CONTINUE 
CALL ROUT(NNODE) 

7000 CONTINUE 
C 
C COMPUTE FIRST PORTION OF BOULTON'S EXPONENTIAL INTEGRAL. 

IFdT.EQ.NTICR) GO TO 7007 
DO 9007 I=1,LVST 
L=NDVEC(I) 
ZF(n=H{L) 
FINT(I,1}=HINT(L,1) 

9007 CONTINUE 
CALL BSIMP(LVST,TH,DINDEX,SY,DELT,IT,0J 
DO 8007 I = 1,LVST 
L=NOVeC(I) 

'8007 HC0LD{I)=H(L) 
7007 CONTINUE 
C 
C PUNCH OUT SOLUTION AT FINAL TIME. 
C 

CALL HPUNCH(NN0DE,2,I) 
CALL HPUNCH{NN00E,2,2) 

A800 CONTINUE 
5000 CONTINUE 

STOP 
END 

GXN0DU(IPENTR,NDSC,SCLEN,FRLEN,SCFAC,XLHAX.IREG, 
INMIN,RW,R0,TH,NNQ0E,NELEM,LVEC,NLM,NVLST,HEIGHT,NOFLEX,HO,KW, 2 101SC R} 

c 
C GENERATES DISCRETISATION DATA. 
C 

COMMON /ADISC/X(3O0,2),N0O(5OO,3),NREP(500} 
COMMON /BDISC/RVEC(50).NOVECl 50),XLENil80l 
COMMON /AELEM/NTRAN(3,90),NH1(3,90»,NH213,90),NDB1C3,901, 
lNDB2(3,90),Nr)WB(9) 
COMMON /AFREE/HF(50 ),NVMESH(120J,NVELMi 150) 

c 
DATA NREAD,NPRINT/I,3/ 
NESC'NDSC 
CALL DCRGN3(R0,RW, SCFAC,FRLEN,NRR,XLMAXJ 
CALL H0FREE(H0,HSEEP,NRR) 
HF{1I=HF(1)-0.01 
THMAX=TH 
TH=0.4»HF(1) 
IF(TH.LT.SCLEN) NDWB(l)=NOSC 
IFiSCLEN.GT.HFd) ) SCLEN=HF( I )-0.02 
NRST=2 
NFR=NDWB( l)-NDSC/2 
NSTFR=NDWBi1)+N0SC/2+2 
IF(NDWB(I).EQ.NDSC) NSTFR=1 

- IF(NDWB(1J.EQ.NOSC) NFR=NDWB(1I 
IF(NDWB(1).EQ-NOSC) NRST»l 
NT0P=0.4*NFR+1 
IFiNRST-GT.l} NTOP=NTOP+l 
NSTOR=NRST 
NDWBi 1)=NDSC+NT0P-1 
DO 10 L=1,2 
CALL NCRGUl(NFR,IREG,NRR,NMIN,NSTFR,NRST,IPENTR,Li 
NRST=1 
NSTFR=«NFR 
NFR=NTOP 

10 CONTINUE 
NRST=NSTOR 
NSTFR»1 
IFiNRST.GT.l ) NSTFR«NDWB( l)-NTOP+-l 
CALL NCRGU2(NSTFR,NRR,NRST,NDSC} 
IF(IDISCR.EQ.O) GO TO 9A 
HRITF(NPRINT, 303) 

303 FORMATi •lS20X,'DiSCRETISATI0N DATA*) 
94 CONTINUE 

c 
C DISCRETISE THE ENTIRE REGION INTO FINITE ELEMENTS. 
C 

NRST'NSTOR 
KCRFP=I 
NTSEL^l 
DO 691 L«I, 2 
IF(L.EQ.2) NRST»r 
DO 65 I«NRST,NRR 
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N l « N H U L , n 
N2 = M H 2 ( L , n 
N3=NH?.{2, n 

I F { ( N l . c Q . 3 ) . A N D . ( N 3 . E Q . O ) ) NLKX=NTSEL 
I F ( N 2 . e g . O ) GO TO 89 
NFND1»\'DBI(L, I ) 
NFND2-N0B2(L , I ) 
NPAT=NTRAN(L , I ) 
CALL BBL0CK(KCREP,NI,NFND1,^FND2,NPAT,NTSEL) 

65 CONTIfJUe 

I F ( L . F Q . i ) NLM=NTSEL 
89 CONTINUE 

N H l { l t I ) = 2 
6 9 1 CONTINUE 

I F (N2 .NE .O ) NLMX=NLM 
NELEM=NTSEL-1 
on 77 I=NLMX,NELEM 
N R E P { I ) = N R E P ( I - m - l 

77 CONTINUE 
C 
C PRINT OUT ELEMENT DATA. 
C 

c 
NELEM = NTSEL-1 
I F ( I D I S C R . E Q . O ) GO TO 104 
HR ITE (NPR INT ,83 ) 

83 F0RMAT(/ / / , ) .0X,46H IDENT IF ICAT ION OF ELEMENTS - NODE CONNECTIONS,/ 
1 / / , I 2 X , 7HELEM NO, lOX,5HN0DEIT10X,5HN0DE2, I0X,5HN0DE3, lOX, 17HREPETI 
2T I0N NUMBER,//) 
DO 80 I ^ i ,NELEM 

W R I T E ( N P R I N T , 9 3 ) I , ( N O D ( I , K ) , K = I , 3 ) , N R E P ( I ) 
93 FORMATi lOX, I 5 , 3 ( I 0 X , I 5 ) , 1 2X , I 5) 
80 CONTINUE 

104 CONTINUE 
C 
C GENERATE NODAL COORDINATES. 
C 

NRST«NSTOR 
NS= l 
RI=RW 
MH= 1 

HEIGHT«TH 
DO 75 I « I , N R R 
DXG=XLEN( I ) 
2 I « 0 . 0 

TH=HE1GHT 
NN2=NHH2, I> 
IF (NN2.EQ.O) GO TO 537 
DO 87 L= 1,2 
NN=NH1 (L , I ) 
CALL COORDCi NS,MM,NN,DXG,TH,R I ,Zn 
Z I ' T H 
NS«NS-1 
R I »R I-DXG 
TH=HF( IJ-HEIGHT 

87 CONTINUE 
R I=R I+DXG 
NS=NS+1 
GO TO 75 

537 CONTINUE 
T H = H F m 
NN=NH1 (1 , I ) 
CALL COORDC(NS,MM,NN,OXG,TH,RI,ZI) 

75 CONTINUE 
I F (NH2 (2 ,NRR ) .NE-0 I GO TO 999 
NN=NHl< l ,NRR) 
TH=HF (NRR i l ) 
CALL COORDC{NS,MH,NN,DXG,TH,Rl ,Zn 
GO TO 909 

999 CONTINUE 
ZI=^0.0 
TH= HEIGHT 
NN=NH l ( l ,NRR ) 
CALL COORDC(NS,MH,NN,DXG,TH,RI,Z I ) 
P^I=RI-DXG 
Z I-TH 
NS=NS-l 
TH«HF( n - H E I G H T 
NN=NH1 (2 , NRR ) 
CALL COQROC(NSfMM,NN,DXGfTH,RI fZ I1 

909 CONTINUE 

C 
c PRINT OUT NODAL COORDINATES. 

C 
NNODE=NS-l 
I F ( i n i SCRcEQ .O» GO TO 114 
WR ITE(NPR INT,103) 

103 F O R M A T i M l O X , ' N O D A L COORDINATES• , / / • lOX,* NODE•,5Xf 
l *R-COORD' ,5XT 'Z-COORO' , / / ) 

DO 85 I « l fNNODE 
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c 

WRITE(NPRINIT,113)I,X(I,1),X(I,2> 
113 FnRHAT(lOX,I4,2Fll.2) 
85 CONTINUE 

114 CONTINUE 
C GENERATE TOP FREE SIF.FACE N30E VECTORS. 
c 
C 
C DETERMINE RADIAL EXTENT OF VARIABLE HESH. 
c 

NDTO'NNODE 
CALL FRVEC{HEIGHT,LVEC,NDT0,NLM,NVLST,NDFLEX,NELEM,IV) 

V 
C PRINT OUT FREE SURFACE NODE VECTORS. 
c 

IF(iniSCR.EQ.O) GO TO 124 
WRITE{NPRINT,223) 

223 F0RMAT(///,20X,«TCJP BOUNDARY NODES AND RADIAL COORDINATES.',///, 
^̂ ^ 10X,'N00E NUMBER',20X,"R-COORDINATE',20X,«SURFACE HEIGH 
DO 335 I==1,LVEC 
HRITE(NPRINT,333 )NDVECiI>,RVECiI),HF(I) 335 CONTINUE 

333 F0RHAr(I0X,I7,2( 25X,F10.2)) 
C 
C PRINT OUT NODES OF FLEXIBLE Z-COORDINATES. 
c 

WRITE(NPRINT,433) (NVMESH(I) , I = 1,NDFLEX1 NLH=NLMX 
WRITE(NPRINT, 533) NLM.NVLST 

433 FORMAT {///',20X,'NODES OF FLEXIBLE Z-COORDINATES • ,// , 1 0{ 5X, I 5) ) 
533 FORMAT(///,20X,'ELEMENTS OF VARIABLE SHAPE ARE NUMBER', 

I 16,2X,'TO',16) 
124 CONTINUE 

TH=THMAX 
RETURN 
END 
SUBROUTINE NCRGUl(NFR,IREG,NRR,NMIN,NSTFR,NRST,IPENTR,L) 

c 
C GENERATES DISCRETIZATION PARAMETERS:- NTRAN,NHI,NM2,NOBl,NDB2 
C ONLY FOR REGIONS 2 TO NRR,REGION 1 IS SPECIALLY TREATED. 
C 

COMMON /AELEM/NTRAN(3,90),NH1 (3,90),NH2{3,90),NDB1{ 3,90), 
1NDB2(3,90),NDWB(9) 
NC=NFR 
NCOUNT =0 
DO 10 I=NRST,NRR 
IRGG'IREG 
IFid.EQ.NRST).AND.(IPENTR.VE.O)) IRGG=0 
IF((L.EQ.1).AND.II.EQ.U) IRGG=0 
IF((L.EQ.2).AND.{I.LE.5)) IRGG=2 
NC0UNT=NC0UNT+1 
IFiNCOUNT.LT.IRGG) GO TO 20 
NCOUNT=0 
NHALF=NC/2 
NREM=NC-2*NHALF 
IF(L.EQ.2) NREM=0 
IFiNREM.GT.O) GO TO 15 
NC1=NC-1 
IF(NCl.LT.NMIN) GO TO 20 
NTRAN(L,I)«2 
NC=NC1 
NH2(L,I)=NC 
NHl(L,n = NC+l 
GO TO 10 

15 CONTINUE 
NC1=NHALF+1 
IF(NCI.LT.NMIN) GO TO 20 
NTRAN(L,I)=l 
NC=NC1 
NH2CL,I)=NC 
NH1<L,I)=2»NH21L,I)-1 
GO TO 10 

20 CONTINUE 
NH2(L,I)=NC 
NTRANiL, I )»0 
NH1(L,I)=NH2(L,I) 

10 CONTINUE 
RETURN 
END 
SUBROUTINE NCRGU2(NSTFR,NRR,NRST, NDSC) 
COMMON /AELEM/NTRAN (3,90),NHI(3,90),NH2( 3,90) ,N0B1(3,90), 

INDB2(3,90),N0WB(9) 
c 
c MODIFIES NH1,NH2 AND GENERATES NOBl AND NDB2. 
C 

IP0S«NRR+2 
10UM=IP0S-1 
DO 10 1 = 1,NRR 
Nl»NHl(l,I) 
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N2-NHU2 , I ) 
I F { N l . N E . N 2 ) GO TO 10 
I F ( N 1 . E Q . 2 I GO TO 15 

10 CONTINU E 
GO TO 25 

15 CONTINU E 
I P l = I + l 
I F ( I P1 .GT .NRR > GO TO 28 
NH K 1, I+ l ) = 3 
NH2(2 , I+1 )« 0 
I P0S= I * 2 
I0UM»I+ 1 
NTRANi1 , I+ I )= 2 
NRC0M=I+ 2 
DO 35 I=NRCOM,NR R 
N H l ( 2 , I ) = 0 

35 NH2 (2 , I )= 0 
28 CONTINU E 
25 CONTINU E 

I F ( N R S T . G T . l J GO TO 29 
C 

J=NRS T 
NDB U 1 , J)=NSTF R 
NDB2(1 , J>=NSTFR+NH l ( I , J  )4-NHI{2 , J }- 1 
N 0 B 1 ( 2 , J ) = N D B l ( l , J ) + N H l ( l , J ) - l 
NDB2{2 , J )=NDB2(1 , J ) + N H 2 { l , J ) - l 
J= J + 1 
GO TO 39 

29 CONTINU E 
NDB1(2,1)=NSTF R 
NDB2 { 2 , U=hJSTFR+NH l (l,2)<-NDSC/2+NT0 P 

39 CONTINU E 
DO 50 I=J,NR R 
NOB K 1 , I )=NDBl i 1, I - 1 ) + NH1(1 , I -1 ) + N H 1 ( 2 , 1 - D - l 
I F d . E Q . I POS ) NOB K 1, n=NDB U I , I ) - l 
I F d . G T . I P O S ) NDB K 1 ,1 ) =NDB1 ( 1 , I ) + 1 
t4DBl(2 , I )=NnB l ( l , I ) •fJH K 1,1 ) - 1 
I F ( I . E Q . I D U H ) N D B l i 2 , I ) = N D B l C 2 , I ) - l 

50 CONTINU E 
NRl=NRR- l 
DO 60 I»=J,NR 1 
NDB2 i 1,IJ=NDB1(1,I+^1 ) 
NDB-2(2 , I ) = NDB1{2, I + 1) 

60 CONTINU E 
IFCIPOS.GT .NRR ) GO TO 48 
NDB2( I ,NRR)=NOBI { I , NRR)4i^Ml{ l ,NRR)i^NH2 ( l ,NRR}- 2 
NDB2(2,NRR)=NDB2(l ,NRRJ+NH2(l ,NRR)- l 
GO TO 58 

48 CONTINU E 
NDB2i1,NRR)=N0B1(1,NRRJ+NHI(1,NRR)+NH1(2,NRR)- 1 
NDB2(2,NRR ) = NDB2{l,NRR)+i>IH2(l,NRR)- l 

58 CONTINU E 
RETUR N 
END 
SUBROUTIN E DCRGN3(R0,RW,SCFAC,FRLEN,NRR,XLHAX J 

C 
C GENERATE S DISCRETIZATIO N PARAMETERS: - NRR,XLE N 
C 

COMMON /BDISC/RVEC(50) ,NDVEC{50) ,XLEN(180 ) 
HAXNR=8 9 
XLENi I J =FRLE N 
RLEN=RO-R W 
SUM=XLEN(1 ) 
DO 10 I=2,HAXN R 
XLEN ( I l=XLEN < I - n * S C F A C 
IFiXLF:N { n .GT .XLMAX l XLEN ( I l = XLMA X 
SUM=XLEN{I)+SU M 
IF(SUM.GT.RLEN ) GO TO 20 

10 CONTINU E 
20 CONTINU E 

XREM=RLEN+XLEN(n-SU M 
NRR = I 
DEN0M=1.+SCFAC+SCFAC«* 2 
XLEN i I -2 1 = (XREH*XLEN( I -U+XLEN{ I - 2 Ji/DENO M 
X L E N n - n = X L E N { I - 2 ) * S C F A C 
XLEN ( n = X L E N { I - l ) * S C F A C 
RETUR N 
END 
SUBROUTIN E BBLOCKiKCREP,N1,MFNDl,NFND2,NPAT,NT S EL I 

C 
C GENERATE S ELEMEN T CONNECTIVITIE S IN BASI C BLOCKS . 
C 

DIMENSIO N Nr)(3 ,3 ) 
COMMON /ADISC/X(300 i2» iNOD{500 ,3 ) ,NREP(500 ) 
ND{ 1, l i -NFND l 
N 0 i l , 2 i = NFN0 2 
ND(1,3)=NFN01<- 1 
N0 (2 ,1 )=ND(1 ,3 ) 
NO(2,2l«ND ( 1 , 2 ) 
ND(2,3J=ND(1,2)+ 1 
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IF(NPAT.EQ.lJ GO TO 200 
IF(NPAT.EQ-O) GO TO 265 
NTEMP=Nl-2 
DO 90 JJ=«1,2 
NST=NTSEL 
NLST=NST+NTEMP 
DO 40 J1=NST,NLST 
NREP( jn=KCREP 
KC.REP«KCREP<-1 
00 50 K=l,3 

NOD{ J1,K)=N0(JJ,K)<-{JI-NST) 
50 CONTINUE 
40 CONTINUE 

NTEMP«=NTEMP-l 
NTSEL=NLST+I 

90 CONTINUE 
GO TO 400 

200 CONTINUE 
ND{3,1}=ND{2,I) 
ND( 3,2)=ND{2,2)4-1 
ND(3,3J = N0{3, l) + I 
NTEHP=(NI-1)/2-I 
Ll=2 
L2»l 
DO 250 JJ = I,3 
L3=2 
IF{JJ.EQ.2) L3=l 
NST=NTSEL 
NLST=NST+NTEMP 
00 260 J1=NST,NLST 
NREP(J1)=KCREP 
DO 270 K=l,3 
IF(K.EQ.l) LL=LI 
IFÌK.EQ.2) LL=L2 
IF(K.EQ,3) LL=L3 
NOD{ JI,K) =ND(JJ, KH-(J1-NSTJ»LL 

270 CONTINUE 
260 CONTINUE 

KCREP=KCREP4-1 
NTSPL=NLST+I 

250 CONTINUE 
GO TO 400 

265 CONTINUE 
NTEMP=Nl-2 
DO 190 JJ = 1,2 
NST=NTSEL 
NLST=NST+NTEMP 
DO 140 Jl=NST,NLST 
NREP(Jl)=KCREP 
DO 150 K=I,3 

NODiJl.K)=ND(JJ,K)+(JI-NST} 
150 CONTINUE 
140 CONTINUE 

KCREP=KCREP+l 
NTSEL=NLST-H 

190 CONTINUE 
400 CONTINUE 

RETURN 
END 
SUBROUTINE COORDC(NS,KH,NN,DXG,TH, RI»ZIJ 

c 
C .  GENERATES NODAL COORDINATES. 
C 

COMMON /ADISC/X{300,2),N00(500,3),NREPi500 i  
COHMON /AS0LV/XX(5,90),XY(5,90 } 
DY»TH/iNN-l) 
DO 20 L«1,NN 

20 XXil,L)=Rl 
DO 50 K=I,MM •  

50 XY(K, 1 J = ZI 
DO 60 J«2fNN 
JHl=J-l 
DO 70 K=1,MM 
XYCK,J)«XYCK,JM1}+0Y 

70 CONTINUE 
60 CONTINUE 

DO 80 J«1,MM 
DO 90 K«ltNM 
L«NN»(J-1)+K+NS-l 
X(L,n«XX(J,KI 
XiLt2J = XY(J,K) 

90 CONTINUE 
60 CONTINUE 

NEN«NS + (MH»NNI-l 
NS«NEN*1 
RI»X(NEN» I)<-OXG 
RETURN 

SUBROUTINE COORDl(NS,N1,N2,N3,XLl,XL2,TH1,TH2,RItNPAT ) 
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C  GNERATES NODAL COORDINATES.FOR COMPOSITE CLOCK, 
C 

COMMON  /AOISC/X(300,2),NOD(500,3),NREP(500) 
JJ = 0 
HM«l 
IF{NPAT.NE.3) GO TO 20 
NN»Nl 
OXG=XLl 
ZI»0. 
TH»TH1 
CALL COORDCi NS,MM,NN,ÜXG,TH,Rr ,zn 

15 CONTINUE 
ZI»THl-TH2 
NN=N2 
TH»TH2 
DXG=XL2 

CALL COORDC{NS,MM,NN,DXG,TH,RI,Zn 
GO TO 25 

20 CONTINUE 
NN»Nl-N3+N2 
DXG=0. 
ZI»0. 
TH=TH2 
CALL COORDCiNS,HM,NN,DXG,TH,RI,ZI) 
ZI=TH+(TH1-TH2)/(N3-N2) 
NN=N1-NN 
ZI = TH + TH/(NN-n 
DXG=XL1 
TH=TH1-ZI 
CALL COORDC(NS,MM,NN,DXG,TH,RI,ZI) 
DXG=XL2 
TH»TH2 
NN=N2 
Z1=0.0 
CALL COORDC(NS,MH,NN,DXG,TH,RI,ZI) 

25 CONTINUE 
RETURN 
PND 
SUBROUTINE  FRVEC(TH,LVEC,NDTO,NLM,NVLST,NDFLEX,NELEM,IV) 

C 
C  GENERATES TOP FREE SURFACE VÖDE VECTORS AND VARIABLE NODE VECTORS. 
C 

COMMON /ADISC/X{3O0,2),N0D(500t3) ,NREP{ 500) 
COMMON  /BOISC/RVEC(50),NOVEC(50)tXLENllB01 
COMMON /AELEM/r:LK(3,3,150),EK(3,3} 
COMMON /AFREE/HF(50),NVMESH(120),NVELM(150) 
J«0 

HW=2.*TH 
00 10 1=1,NDTO 
JP=J+1 
ZH=HF(JPJ 
ZDIF'ABSi ZH-X(I,2) ) 
IFiZDIF.GT.O.OOl) GO TO 10 
J«J + 1 
NDVECiJ)=I 
RVECiJ)=X(I, 1) 

10 CONTINUE 
LVEC=J 
DO 132 I = 1,LVEC 
IFtHW.GT.RVECdJi GO TO 132 
IV«! 
GO TO 135 

132 CONTINUE 
135 CONTINUE 

C 
c  GENERATE VARIABLE NODE VECTORS. 

RLIM«=RVEC(IV) 
J=0 
00 20 I«1,NDT0 
IF(X(I,n.GT.RLlMJ GO TO 30 
ZDIF=X(I,2)-TH-0.01 
IFiZOIF.LT.O.) GO TO 20 
J=J + l 
NVKESH(JI«I 

20 CONTINUE 
30 CONTINUE 

NOFLEX«J 
NVLST«NELEM 
RETURN 

SUBROUTINE BNDFIX(I PENTR,ZB,HW,HO,NNODE,NBD,NDW,NDRO,NBH) 

c 
c  LOCATES NODES WHERE HEAD VALUES ARE FIXED. 

COMMON  /ADISC/X{30O,2»,N0O{5OO,3),NREP{500)  
COMMON  /BDISC/RVECC50),NDVEC(50),JB0190),DISP(90J  
ZTOL»O.Ol 
J»0 
00 10 1=1,NDW 
ZDIF«=X(1, 2)-ZB 
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IF{IPFNTR.NE.O) ZOIFa-ZDIF . 
IFiZDIF.GT.ZTOLl GO TO 10 

JBD(J)=I 
DISP(J » = HW 

10 CONTINUE 
NBW=J 
NSr=NN00E-NDR0^1 
00 25 I=NST,NNODE 
J'Ji^l 
JBO{J)=I 
DISP(JI=HO 

25 CONTINUE 
NBD=J 
RETURN 
END 
SUBROUTINE BNDMODiNBH,HW,NBO,NSTEP,NBOTO) 

C 
C MODIFIES VECTORS JBD DISP. 
C 

COMMON /ADISC/X(300t2),N0D(500,3I•NREP(500) 
COMMON /BO! SC/RVEC( 50) ,N'DVEC( 50), JBD ( 90 ) , 01SP {90 1 
COMMON /AFREE/HF{50)tNVKESH{120),NVELM(150) 
00 10 1=1,NBH 
J=JBD(I) 
ZJ=X(J,2) 
IFiZJ.GT.HTWI OISP(I) = ZJ 

10 CONTINUE 
IFiNSTEP.EQ.1) GO TO 20 
IP=NBD+I , 
DO 15 I=IP,NBDTO 
J=JBD{ I ) 
D I S P d J=X(J,2J 

15 CONTINUE 
20 CONTINUE 

RETURN 
END 
SUBROUTINE AQPROP(NELEM,RGP, BTGP, TH, IGP 1 

C 
C GENERATES ELEMENT PROPERTIES INDEX,IPROP. 
C 

COMMON /ADISC/X{300,2),N0D(500,31 ,NREP( 500) 
COMMON /CS0LV/VD(2000),HINT(300,1I,IPROP{500),D(3,3) 
00 10 1=1,NELEM 
J1«N0D(I,1» 
J2=N00<I,2I 
J3=N0D(I,3) 
0RX=IX(J1,1)+X(J2,1) + X(J3,11 )/3. 
DRY^tXtJI ,2) + X{J2,2)+XiJ3,2))/3. 
IPROPiI)=I 
IF(IGP.EQ.O) GO TO 10 
IF( (ORX.LT.RGP>.AND.(ORY.GT.BTGP) I IPR0Pn)=0 

10 CONTINUE 
RETURN 
END 
SUBROUTINE MOMESH{KSURF,ESKAX,LVEC,NDFLEX.SFTOLtHEIGHT,ORLXXl 

c 
C ADJUSTS FREE SURFACE POSITION AND MODIFY VARIABLE MESH. 
C 

COMMON /ADISC/X(300,21,NQO(500,3),NREP(500> 
COMMON /BDISC/RVEC(50J,NDVEC{ 501,JB0(90J,DISP(90) 

' COMMON /AFREE/HF(50),NVHESH(120),NVELM( 150) 
COMMON /VCOM/ORX(500),VEL(500),H1500),IDARCY1500I 
ORELAX=ORLXX 
NST«l 
KSURF=0 
ESMAX=0, 
DO 10 I»1,LVEC 
RR=RVEC(n 
J=NDVEC(U 
HSTOR=HF(IJ 
EPSI«H(J)-X(J,2) 
IFCESHAX.LT.ABSIEPSD) ESMAX=ABS{ E P S D 
IF(ABS(EPS!).LE.SFTCL) GO T3 25 
HF(I)=HF( I) + EPSI/ORELAX 
XCJ,2)=HF(I) 
KSURF = KSURF<-1 
GO TO 26 

25 CONTINUE 
HF(i)=H<Jl 
X{J,2)=HF(II 

26 CONTINUE 
C 
c ADJUSTS Z-COORDINATES OF VARIABLE NODES. 
C 

NDT«NVMESH(NSTI 
XCC»X(NDT,IJ+O.Ol 
IF(PR-GT.XCC) GO TO 10 
ZD1F«=X{NDT,2)-X(N0T-1,2I 
DXRTIO»(HF(I)-HEIGHT)/CHSTOR-HEIGHT) 
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IF(NST.FQ.NOFLEX) GO TO 10 
00 19 K=NST,NOFLGX 
NK«NVKESH(K) 
XK«X(NK,IJ-0.01 
IF(XK.GT.RR) GO TO 29 
ZSTOR̂XÍNK.Z) 

X(NK,21 = X(NK-1,2)+DXRTI0<'ZDIF 
19 CONTINUE 
29 CONTINUE 
NST=K 
IF(NST.GT.NDFLEX) NST«NOFLEX 
X(J,2)=HFC1) 

10 CONTINUE 
J0UM=0 
IF( JDUM.EQ.O) GO TO 59 

C 
C  READJUST POSITION OF TOP SEEPAGE POINT. 
c 

RR=RVEC(I) 
HST0R=HF( 1) 
HF(1)=2.«HF(2)-HFÍ3> 
1 = 1 
NST̂l 
NDT=NVMESH{NST) 
20IF=X(NDT, 2)-X(NDT-l, 2) 
OXRTIO={HF(I)-HEIGHT >/(HSTDR-HEIGHTJ 
DO 49 K=NST,NDFLEX 
NK=NVMESHIK) 
XK=X(NK,1)-0.0L 
IFiXK.GT.RR) GO TO 59 
ZSTOR=XlNK, 2 ) 
X(NKr2)=X(NK-l,2)+DXRTI0«ZDIF 

49 CONTINUE 
59 CONTINUE 
RETURN 
END 
SUBROUTINE CONSTT (M, AK, BK, ACONST, J 1, J2, J3,NT) 

C 
C  COMPUTES NON-LINEAR COEFFICIENT FOR TRIANGULAR ELEMENTS. 
C 
c 

COMMON /BELEM/B(150,3),Cl150, 3),AREA(150) 
COMHÔi /VC0M/0RX( 500), VEL(500),H( 500),IDARCYÍ500) 
HX=B(NT,l )'!'H{Jl)+B(NT,2)*H(J2I+BlNTt3l*H(J3) 
HY=C{NT,1 5*H( Jl> +C( NT,2 }«H( J2 ) «̂Cl NT,3) •H{ J3) 
HS= ABS( SQRT(HX**2*HY**2)I 

C 
C  EVALUATE VELOCITY ANO ITS DIRECTION AT EACH ELEMENT 
C 

TEMPsO.ŜAKfSQRTiO. 25«AK**2i-BK*HS) 
VEL(Ml=HS/TEMP 

ACONST̂AREAi NT)*ORX(M)/TEMP 
500 CONTINUE 

RETURN 
END 
SUBROUTINE ELKGEN(M,NTI 

C 
C  GENERATES ELEMENT GEOMETRY MATRIX,ELK. 
C 

COMMON /AELEM/ELK(3,3,150),EK13,3) 
COMMON /AOISC/X(300,2),NOD{500,3),NREP(500) 
COMMON /BELEM/B(I50.3),C(150, 3),AREA(150) 
COMMON /VCOM/ORX(500),VEL(500),H(500),IDARCYC 500J 
Jl=NOD{M,l) 
J2«N0D<M,2} 
J3=N0D<M,3) 
0RX(M)«(X(J1,1)+X( J2, 1)+X(J3, 1) )/3. 

10 CONTINUE 
1F(NREP{M).EQ.NT)  GO TO 50 
NT=NRGPIM) 
XJ»X(J2,l)-X{Jl,I) 
XM=X{J3,l)-X(Jl,l) 
YJ=X( J2.2 )-X{ Jl, 2) 
YM=X(J3,2)-X(J1,2J 
AREA(NT)=0.5*(XJ«YM-XM»YJ) 
AFUN=2.*AREA(NTJ 
B(NT, 1 ) = ( YJ-YH)/AFUN 
8{NT,2)'=  {YM)/APUN 
B(NT,3)»  (-YJ)/AFUN 
C(NT,l)-{XM-XJI/Ar-UN 
CtNT,2)=  (-XM)/APUN 
C(NT,3)=  (XJ)/AFUN 
DO 100 I»l,3 
00 100 J»lf3 
IF{J-n 105,110,110 

110 rLK(I,J,NT) = BlNT,I)*BÍNT,J)«̂C(NT,I)*CCNT,J) 

GO TO 100  • 
105 GLK(ItJ,NT)«ELK(J,I,NT) 
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100 CONTINUE 
50 CONTINUE 

RETURN 
END 
SUBROUTINE ELG6NU{H»III,AK,BK,NT,VCOUNT,PHKi 

C 
C GENERATES ELEMENT MATRIX EK FOR TRIANGULAR ELEMENTS. 
C 

COMMON /AELEH/^LK(3t3,l50J,F.K{3,3} 
COMMON /ADISC/X{300,2)tNOOi500,3),NREP(500) 
COMMON /BELEH/B{150,3),C(150,31,AREA{150) 
COMMON /VCnM/ORX(50 0) ,VEL(500),H1500),IOARCY(500) 
IF(IDARCY(M).EQ.OI GO TO 70 

500 CONTINUE 
J1 = N0D(M, IÍ 
J2=N0D(M, 2) 
J3=NOD{M,3> 
CALL CONSTTi M,AK,QK,ACONST,J1,J2, J3, NT) 
GO TO 80 

70 CONTINUE 
PX=PMK 
ACONST=PX*ORX(M)*AREAÍNT» 

80 CONTINUE 
C 
C CALCULATE STIFFNESS MATRIX 
C NORMAL STIFFNESS MATRIX MODIFIED BY THE FACTOR OACONSTO 
C 

DO 200 1=1,3 
DO 200 J=I,3 
EK{ I , J ) ̂ ACONST-i^ELK (I, J, NT) 

200 CONTINUE 
RETURN 
END 
SUBROUTINE MERB3(N,M) 

C 
C HERGES ELEMENT MATRIX EK INTO GROSS VECTOR VCORE. 
C 

COMMON /ACORE/VCORE12000),VK0RE(2000) 
COMMON /ADISC/X(300,2),NOD(500,3),NREP(500) 
COMMON /AELEM/ELK(3,3,150),EK{ 3,3) 
COMMON /ASOLV/ISTART(300)tNBANDÍ3001,ID(3001 
DO 10 1 = 1,N 
IK=NOD{M, I) 
IF(IK.EQ.O) GO TO 10 
DO 20 J«1,N 
JK=N0DIM,J) 
IF(IK.GT.JK) GO TO 20 
IP0S=I0{IK)+JK--IK 
VCORE(I POS J = VCORE{I POS)+EK{I,J) 

20 CONTINUE 
10 CONTINUE 

RETURN 
END 
SUBROUTINE EBFIN3Í LEN, NM, NN, LLJ 

C 
C SUBROUTINE TO GENERATE THE BANDWIOTHS OF THE BANDED SYM STIFFNESS 
C MATRIX. NBANO CONTAINS THE BANOWIDTHS, ID THE POSITION OF THE 
C TERM ON THE DIAGONALS OF THE ORIGINAL MATRIX, LEN IS THE LENGTH 
C THE VECTOR 
C 

DIMENSION LV(3) 
COMMON /ASOLV/ISTART(300) ,NBAND(300) ,ID(300) 
COMMON /ADISC/X(300,2) ,NOD( 500,3) ,NREP( 500) 
DO 20 I=1,LL 
N B A N D d )=1 
ISTART(I) = I 

20 CONTINUE 
C 
C SCAN THROUGH THE LOCATION VECTOR FOR EACH MEMBER TO FIND 
C THE POSITION OF THE TERM FURTHEREST FROM THE DIAGONAL IN EACH ROW 
C 

NF2=3 
DO 25 1=1,NM 
DO 30 J=l,NF2 
LV( Jl«NODCI, J) 

30 CONTINUE 
DO 45 J=I,NF2 
IFCLVlJ).EQ.O)GO TO 45 
DO 40 K=l,NF2 
ir(LViJ).GT.LV(K)) GO TO 40 
NW=LV(K)-LV(J)+l 
NR«LV{J) 
IF(NW.GT.NBAND{NR» ) NBAND(NR )«=NW 

40 CONTINUE 
45 CONTINUE 

C SEARCH FOR THE FURTHEREST OFF-LEFT TERM 
C 

DO 55 J«l,NF2 
IF(LV(JI-EQ.O) GO TO 55 
DO 65 K»I,NF2 
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IF(LV(J».LT.LV{K}» GO TO 65 
NW«LV(K) 
NR=LV(J) 
IFiNW.LT.ISTART(NR) ) I START(NR)=NW 

65 CONTINUE 
55 CONTINUE 
25 CONTINUE 

C 
C  SET UP ID VECTOR AND COMPUTE LENGTH OF STIFFNESS VECTOR 
C  ALSO CHECK THAT N8Ar>iO DOES NOT DECREASE BY MORE THAN I AT A TIME 

LEN=NBAND(I) 
DO 50 1=2,LL 
IF(N8AN0( I)-NBÂ D̂{ I-U.LT.Ol  NBANDi 1) =NBANDi I-I)-l 
LEN = LEN+NeAND( I) 

50 CONTINUE 
IDtl)=I 
00 60 1=2,LL 

60 1D( I)=I0(I-1)+NBAND(I-1) 
RETURN 
END 

SUBROUTINE QFLUX i NBM, NNCDEI 
C 
C  MODIFIES MATRIX CK BY ADDING THE FLUX TERMS FOR NODES ON HELL BOUNDARY. 
c 

COMMON /ASOLV/ISTART{300),NBANDi300J,IDi300) 
COMMON /BSOLV/CK{300,1),VK(2D00) 
DATA NREAD,NPRINT/I,3/ 
IFIN8M.EQ.0J GO TO 20 
NBP=NBM+1 
DO 10 I=NBP,NNODE 
IST = ISTART(I ) 
IF(IST.GT.NBM) GO TO 10 
11»I-1 
DO 30 J=IST,NBM 
K«IL-J+I 
IP=IO(J)+K 
CK(I,IJ=CK{I,I}-VK(IP)«CK(J,1» 

30 CONTINUE 
10 CONTINUE 
20 CONTINUE 
RETURN 
END 
SUBROUTINE SYHSOLiLL,NLL,NBH) 

C 

C  AN IN CORE BAND SOLVER. 
C  USE IN CONJUNCTION WITH TOPOLOGICAL SUBROUTINE FOR LARGE BANDWIDTH. 
C 

DIMENSION VTEMP{90J 
COMMON /BDISC/RVEC(50)»MDVECi 50),JBD(90),DISP(90) 
COMMON /ASOLV/ISTART( 300),N( 300),IDUH{300» 
COMMON /BSOLV/C(300,I),V(2000) 
DOUBLE PRECISION TEMP 
JB0UN=N3M+l 
NBP=JBOUN 
ID=l 
IF{N3M-EQ.O) GO TO 150 
DO 100 1=1,NBM 
ID=ID+N(I) 

100 CONTINUE 
150 CONTINUE 

DO 10 I='N8P,LL 
TEMP=V(ID) 
NEB=ID«NiI)-l 
ID1=ID+1 
IFd.EQ.JBDi JBOUN)) GO TO 16 

C  NORMALISE ROW I 
C 

KK=0 
V(ID)»1.0 
IFl 101 .GT.NEB) GO TO 29 
DO 20 J'IDl.NEB 

VTEMPCKK)=V{J) 
20 ViJ]=V(J)/TEHP 
29 CONTINUE 
00 25 L»1,NLL 
C(IiL)=C(I,L)/TEMP 

25 CONTINUE 
GO TO A6 

16 CONTINUE 
1F( I 01. GT.NEB) GO TO 39 
KK=0 
DO 120 J=I01,NE8 
KK«KK*1 
VTEHP(KK)«V(J) 

120 V(J)»0.0 
39 CONTINUE 
DO 125 L=1,NLL 

125 C(I,LI-DI SP(J30UNI 
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JB0UN=JB0UN+1 
C 
C ELIMINATION 
C 

46 CONTINUE 
IDJ=ID 
IF( 101.GT.NEBI GO TO 35 
KK=0 
00 30 J=IC1,NEB 
JI»J-I01+I 
I0J = I0J<-N(JI ) 
KK=KK+1 
IF(VTEMP(KKM 50»30,50 

50 CONTINUE 
IF{JBOUN.EQ.ll GO TO 240 
JBMl=JBnUN-I 
IF(I.EQ.JBD(JBMl)) GO TO 140 

240 lOPxj 
DO 40 K = IDP,NEB 
KJ»IDJ+K-J 

40 V{KJ)=V{KJ)-V(K)«VTEMPIKK) 
140 CONTINUE 

NJ=I4J-ID 
00 32 L=1,NLL 
C{NJ,L)=C{NJ,L)-C{I,LI*VTEMP(KK) 

32 CONTINUE -
30 CONTINUE 
35 CONTINUE 

IO=ID«^N(I) 
10 CONTINUE 

C 
0 BACK SUBSTITUTION 
C 

1D=I0-1 
LLM1=LL-1 
LLI=LL-NBP 
DO 70 IB=I,LL1 
I=LLM1-IB+I 
IO=ID-N(I) 
is=r+i 
IN«I+N(I)-1 
DO 80 J=IS,IN 
NJ"ID+J-I 
DO 75 L=1,NLL 
C(I,L)=C( I,L I-CÍ J,L)*VÍNJ) 

75 CONTINUE 
80 CONTINUE 
70 CONTINUE 

RETURN 
END 
SUBROUTINE SUROUT ÍKSURF,ESM4X,LVEC ,NDFLEX) 

C 
C PRINTS OUT FREE SURFACE COORDINATES. 
C 

COMMON /ADISC/X{300»2),N0D{5D0T3)»NREPi 5001 
COMMON /BDISC/RVEC{50),NDVEC{50),JB0{90),DISP190J 
COMMON /VCOM/ORX{500),VEL(500),H{500>,IDARCY(500) 
COMMON /AFREE/HF(50),NVMESHCI 20) , NVELMt 150 ) 
DATA NREAD,NPRINT/1,3/ 
WRITEÍNPRINT,3) 

3 FDRMAT(///,10X,'FREE SURFACE POSITON*,//t 
1 15X,'RADIUS'ilOX,»SURFACE HEIGHT«,//) 
DO 10 I=1tLVEC 
HRITEINPRINT,l3)RVECiI),HF(I) 

10 CONTINUE 
13 FORMAT! 10X,F10.2, 10X,F10.4) 

HRITE{NPRINT,23) KSURF,ESMAX 
23 FORMATC///,10X,'SURFACE TOLERANCE COUNTER =',110,///, 

1 lOX,»MAXIMUM ERROR OF SURFACE HEIGHT =*,F12.4) 
C 
C PRINT Z-COOROINTE AND HEAD VALUE OF FLEXIBLE NODES. 
C 
€•»• WRITE(NPRINT,33) 

DO 30 I=1,N0FLEX , 
J^NVMESHdJ 
XV=X(J,1) 
ZV»X(J,2) 
HV»H{J) 
WRITE(NPRINT ,4 31 J,X*/, ZV,HV 

43 FORMAT(///,10X,I5,15X,F12.4,2{IOX,F12.4)J 
33 F0RMAT(///,20X,'HEIGHT ANO HEAD OF FLEXIBLE NODES',///f 

1 lOX,'NODE NUMBER', lOX,'R-COOROINATE',10X,»Z-C00RDINATE« 
2 t lOX, «HEAD VALUE' ,//) 

. 30 CONTINUE 
RETURN 
END 
SUBROUTINE VCHEC3(M,AK,BK,Jl,J2,J3,NT,PMK,VCR,GRRX, GRRY) 

C 
C COMPUTES ELEMENT VELOCITIES FDR TRIANGULAR ELEMENTS, 
C 
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COMMON /BFLEM/B ( 150 ,3 ) ,C { 150 , 3 J ,ARE A ( 150 ) 
COMMON /VCOM /ORX ( 500 ) , v a ( 500 ) , H{ 500 ) , I DARCY { 500 ) 
HX=BtNT , l ) *H { J l )+B i NT,2}»H{J2)+B(NT,3)*H ( J3 ) 
HY=CiNT, l J l ) NT, 2 J«H(J2Ji^C(NT,3)*H{J3 } 
HS= ABS ( SQRT(HX*<'2+HY<'*2) ) 
I F ( lOARC Y (M)  . F - O . O I GO TC 20 
TEHP«0.5*AK*SQRT(0.25«AK»»2+BK»HS ) 
VEL(M)=HS/TeM P 
I F l A B S i V E L i M ) ) . L F . V C R ) IDARCY(K)= 0 
GO TO 30 

20 CONTINU E 
V E L ( M ) « P M K * H S 

I F ( ABS iVEL iM) ) .GT .VCR ) IDARCY{M ) = l 
30 CONTINU E 

RETUR N 
END 
SUBROUTIN E SHUF { JF , NBO , NBW,NBDTO ) 

C 
C S m F F L E S VECTOR J3 D AND DISP . 
c 

DIMENSIO N JSEEP {50 ) , 0SEEP (50 ) 
COMMON /BDISC/RVEC i 50),NDVEC ( 50 ) , JBD ( 90 ) ,D I SP (90 ) 
NWID=NBD-NB W 
JS= 0 
JST=NBD+ 1 
JEND=NBDT O 
I F ( J F . E Q . 2 ) JST=N8DT0-NWID«- 1 
DO 10 J=JST,JEN D 
JS=JS+ l 
JSEEPCJS )=JBD( J ) 
DSEEP(JS)=DISPCJ ) 

10 CONTINU E 
JST=NBW4- 1 
JEND '̂NB D 
I F ( J F . E Q . 2 ) JEND=NBDTO-NHI D 
DO 15 J=JST , JEN O 
JS=JS> 1 
JSEEP ( JS )= JBD( J ) 
D S E G P ( J S J ' D I S P i J ) 

15 CONTINU E 
JS= 0 
NST=NBW+ 1 
DO 20 J=NST,NBDT O 
J S ^ J S i ^ l 

JBD { J )= JSEEP ( JS ) 
D ISP i J )=DSEEP(JS ) 

20 CONTINU E 
RETUR N 
END 
SUBROUTIN E ELGND3(NT , SC,M ) 

C 
C GENERATE S ELEMEN T MATRI X D FOR TRIANGULA R ELMENTS . 
C 

COMMON /CSOLV/VD(2000),HINT ( 300, 1 ) , I PROPi500) ,D(3 ,3 ) 
COMMON /BELEM/B{15 0 , 3 ) ,C (150 ,3 ) ,AREA(150 ) 
COMMON /VCOM/ORX{5 0 0 ) ,VEL (500) ,H{500) , IDARCY I 500 ) 
COMMON /ADISC/X{300 ,2 ) ,N0D(500 ,3 ) ,NREPi500 ) 
IFCNREP(M).EQ.NT ) GO TO 50 
NT»=NREP( M ) 

C 
c FORM ELEMEN T MATRIX: - 0 
C 

0(1»1)=0.5*0RX{M)*AREAlNT)»SC/3 . 
D ( 2 , 2 ) = 0 ( 1 , 1 ) 
D { 3 , 3 ) = D{ 1, 1) 
D C 1 , 2 ) = 0 ( l , l ) * 0 . 5 
D ( 2 , I ) = D ( 1 , 2 ) 
D{1 ,3 > = D( 1, 2 ) 
D i 3 , l ) = 0 ( I , 3 ) 
D ( 2 , 3 ) = D ( 1 , 2 ) 
D ( 3 , 2 ) = 0( 2, 3 ) 

50 CONTINU E 
RETUR N 
END 
SUBROUTIN E HERBD(N,M ) 

C HERGE S ELEMEN T MATRI X D INTO GROSS VECTOR VD. 

^ COMMON / A D I S C / X ( 3 0 0 , 2 ) , f j 0 p { 5 0 0 , 3 1 , N R E P ( 5 0 0 I 

COMMON /AELEM/ELK (3 ,3 ,150 ) ,CK {3 ,3 ) 
COMMON  / A S O L V / I S T A R T i 3 0 0 ) , N L U N O ( 3 0 0 ) , 1 0 ( 3 0 0 ) 

COMMON /C SOL V/VD ( 2 0 0 0 ) , H I N T ( 3 0 0 , 1 ) , I PROP ( 5 0 0 )  , 0 C 3 , 3 ) 

DO 10 1 = 1 , N 
IK«N0D(M, I ) 
I F ( I K . E Q . O ) GO T3 10 
00 20 J=1, N 
JK»NOD{M,J ) 
1 F { I K . G T . J K I GO TO 20 
I P O S ' I D U KM JK- I K 
V O C I P O S ) = V O U P O S ) f r D i I , J ) 
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20 CONTINUE 
10 CONTINUE 

RETURN 
END 
SUBROUTINE VDFBiLVECI 

C 
C  GENERATES VECTOR VDTOP. 
C 

DIMENSION 0(2,2) 
COMMOM /BOISC/RVGC(50),NDVECt50),JPDi90),DISPC90 )  
COMMOM /AOPARA/TLESS{300),ULESS(300),GK(300,I),VDTOPi 200) 
COMMON /AOISC/X(300,2)»NQDi 500,3),NREP{500 ) 
COMMON /ASOLV/ISTART(300),N3ANDi300),ID( 300) 
NELT0P=LVEC-1 
NN=2 
lDin = l 
DO 10 I=2,LVEC 

10 ID(I)xlD(I-l)+2 
LF.NT = 2»LVEC-1 
DO 108 1=1,LENT 
VDTOPiI)=0.0 

108 CONTINUE 
DO 208 IE=l,NELTOP 
IN=NDVEC(IE) 
1P=NDVEC( lE-H) 
RAVE=0.5«(X( IP, I )<-X(IN,l) J 
RDIF=X( IP,1)-X(IN,1) 
0(1,1)=RAVE*RDIF/3.0 
DC2,2)=0{ 1,1) 
D(l,2)=D(1,1)«0,5 
0(2,1)=D(1,2) 
DO 308 1=1,2 
IK=IE+(I-1) 
DO 408 J=l,2 
JK=ie+(J-l) 
IF(IK.GT.JK) GO TO AOS 
IPOS=ID(I KX-JK-IK 
VDTOPIIPOS)=VDTOP(IPOS)+0(1,J) 

A08 CONTINUE 
308 CONTINUE 
208 CONTINUE 

RETURN 
END 
SUBROUTINE GVMODiLACT,SY,IGK) 

C 

C  MODIFIES GROSS VECTORS VK AMD GK TO ACCOUNT FDR LEAKAGE FLUX ACROSS 
C  TOP BOUNDARY. 
C 

COMMON /ASOLV/ISTART(300) ,NBAND(300),ID(300) 
COMMON /BS0LV/CK(300,1),VK(2000) 
COMMON  /CSOLV/VO(20C0),HINT(300,1),IPR0P(500),0(3,3) 
COMMON /BOISC/RVECi 50),NOVEC(50),JBD(90),OISP(90) 
COMMON  /ADPARA/TLESSi300),HLESS(300),GKl300,I),VDTOP(200) 

C 
DO 1078 L=1,LACT 
1P1=(L-1)»2+1 
1P2-IP1+1 
IPM=IP1-1 
VF1=VDT0P(IPI)»SY 
VF2=0,0 
VFM=0.0 
IF(L.GT.l) VFM=VDTOP(IPM)*SY 
IFCL.LT.LACT) VF2=VDT0P(IP2)*SY 
I«=NDVEC(L ) 

J2»Jl 
JM=Jl 
IF(L.LT.LACT) J2=N0VECiL+l) 
irCL.GT.l) JM=NDVEC(L-1) 
SUM=VF1*HINT(Jl,l)̂ VF2«HINT(J2,l)»VFM»HINT(JM,ll 
IF( IGK.GT .0) GK{ Jl, 1)«GK( J1,1)+SUM 
IF(IGK.GT.O) GO TO 1078 
IS=1D(I) 
VKC IS)=VK(IS)*VFl 
IL»IS«̂NBAND( I)-l 
VK(IL)=VK(IL)+VF2 

1078 CONTINUE 
RETURN 
END 
SUBROUTINE GKMOD(LACT,SY) 

C  MODIFIES MATRIX GK TO TAKE ACCOUNT OF LEAKAGE FLUX ACROSS TOP BOUNDARY, 

 ̂ COMMON /BDISC/RVFC(50),N0VEC(50 ),JB0(90),DISP(90J 
COMMON /ALEAK/QLEAK('i0),HC0LD(50),HF(50),FtN T 50,U.GP(A ^  

COMMON /AOPARA/TLESS(300),HLESS(300),GK{300 , 1).VOTOP(200) 

DO 1078 L»1,LACT 

IP2««IPl+l 
IPM-IPl-l 
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V F 1 = V D T 0 P ( I P I ) » S Y 
V F 2 = 0 . 0 
VFM=0.0 
I F d . G T . l ) VFM = VDTDP{ IPM)*SY 
I F ( L . L T . L A C T ) VF VDTOP ( I P2 ) • SY 
I=NDVEC (L ) 
J 1 = I 
LM«=L 
L P « L 
I F ( L , L T . L A C T ) LP=L+1 
I F ( L . G T , l ) LM=L-1 
SUM = VF l *QLEAK{L )+VF2=i 'QLEAK(LP ) + VFM*QLEAK(LH) 
GK( J l , I ) = GK( J l , 1 )4̂ $UM 

1078 CONTINUE 
RETURN 
END 
SUBROUTINE T IGEN(NT ICR ,TFACTR ,TMUL ,DTMUL ,RW,PH ,SS , I W B C , Q F I X , T P A T ) 

C 
C GENERATES D ISCRETE TIME VECTOR ,T IME . 
C 

COKMON / A T I H E / T I H E ( 6 0 ) , S H ( 6 0 ) , D S W ( 5 ) t Q C A L C i 5 ) 
SWST^O.8 
CUN=22 . *RW*< '2 / { 7 . *QF IX ) 
T I M E { 1 ) = T F A C T R 
1 F ( T P A T . E Q . 2 ) GO TO 15 
DO 10 I = 2 , N T I C R 
T I M E ( I ) = T I H E ( I - 1 ) * T M U L 
THUL=TKUL+DTMUL 

10 CONTINUE 
GO TO 17 ' 

15 CONTINUE 
DO 20 I = 2 , N T I C R , 2 
T I M E ( I ) = T I M E ( I - l ) 
T I H E ( U l l = 2 . • T I M E ! I ) 

20 CONTINUE 
DO 25 I = 2 , N T I C R 
T I M E ( I ) = T I M E ( I ) + T I M E i I - l l 

25 CONTINUE 
17 CONTINUE 

RR=6H<-1.99 
CONST=RR**2«SS/ (4 . 0 *PM) 
I F ( S S . L E . 0 . ) C 0 N S T = 1 . 0 
IF ( IWBC.NE .O)CONST=1000 . *CUM*SWST 
DO 30 I = l , N T I C R 
T I K E i n = T I M E ( I ) « C O N S T 

30 CONTINUE 
RETURN 
END 
SUBROUTINE VECHUL(NNODE,LEN) 

C 
C M U L T I P L I E S GROSS VECTOR AND COLUMN MATRIX . 
C VKD = VK*D 
C 

COMMON / A S O L V / 1 S T A R T ( 3 0 0 ) , N B A N O t 3 0 0 ) , 1 0 1 3 0 0 ) 
COMMON / C S 0 L V / V K ( 2 0 0 0 ) , D { 3 0 0 , I ) , I P R O P ( 5 0 0 ) , D U M { 3 , 3 ) 
COMMON / A D P A R A / T L E S S 1 3 0 0 ) , H L E S S 1 3 0 0 ) , V K D 1 3 0 0 , 1 ) , V D T 0 P ( 2 0 0 ) 
DATA N R E A D , N P R I N T / 1 , 3 / 
L = 1 
DO 10 1=1,NNODE 
I S = I D d ) 
I L «= I D d )4^NBAND(I)-1 

c 
V K D d , 1) = 0 . 0 
DO 20 J = I S , IL 
K « I + J - I S 
V K D d , l ) = V K D d , l ) + V K ( J ) * D ( K , L » 

20 CONTINUE 
c 

I F d . E Q . l ) GO TO 40 
I I « I - l 
1ST= I S T A R T d ) 

C 
DO 30 J = 1 S T , I I 
K = 1 1 - J ^ l 
I P « I D ( J ) + K 
V K D d , l ) = V K 0 d , l ) + V K d P ) « D ( J , L I 

30 CONTINUE 
AO CONTINUE 
10 CONTINUE 

RETURN 

SUBROUTINE A Q D I S ( N L E N , Q A C F R , Q R D I F , D E L T , T H , R C S N G , I Q , QF!X ,DHD) 
C 
c COMPUTES TOTAL DISCHARGE INTO THE WELL. 

^ COMMON / B D I S C / R V E C { 5 0 ) . N 0 V E C { 5 0 ) , J B D ( 9 0 ) , 0 I S P ( 9 0 i 
COMMON / A S n L V / I S T A R T l 3 0 0 ) . N ^ A N O ( 3 0 0 ) , 1 0 ( 3 0 0 ) 
COMMON /VCOM/ORXCiOOitVFrK^nO ) , H { 5 0 0 ) , IDARCY(500 ) 
COMMON /BQCAL/VK0 l6CO) ,QWB(AO) 
COMMON / A T I M E / T I M L - ( 6 0 i , SW(60) ,DSH( 5 ) tQCALCi 5) 
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QSUM«0.0 
TWPl=̂ 4./7. 
CALL QMULTiNLEN,QSUM) 
QSUM--ABS( TWP ÎQSUM» / {0. 5*DELT I 
QAQFR=OSUM 
ACSNG=0.5*TViPI=i'RCSNG»» 2 
TRM=ABS( ACSNG<--nW0«2./06LT) 
QCALX=QAQFR4-TRM*10.** 3 
QRDIF=ABS(QFIX-QCALX ) 
QCALC(IQ)=QCALX 
RETURN 
END 
SUBROUTINE QMULT (NBH, QSUM) 

C 
C  COMPUTES NODAL FLUXES AT WELL BOUNDARY, 
c 

COMMON /ALEAK/QLEAK{50),HCDLD(50),HF(50),FINT(50, U »GP(40I 
COMMON /ASOLV/ISTARTOOO) ,NBA ND { 300 } , I D { 300) 
COMMON /BQCAL/VKQ(600),CWB(AO) 
COMMON /BDISC/RVEC(50),NDVEC(50)»JBD(90),DISP(90 ) 
COMMON /VCOM/ORX{500),VEL(500),H(500>,IDARCY(500 ) 
DATA NREAD,NPRINT/1» 3/ 
DO 10 L=1»N8W 
1=JBD(L) 
IF(L.EQ.NBW) I=L 
IS = IDd) 
IL = IDC I )*NBAND{I )-l 
QWBiD'O.O 
DO 20 J = IS, IL 
K = UJ-IS 
QMB(L)=QWB{L )+VKQ{ J )*H(K) 

20 CONTINUE 
IF(I.EQ.l> GO TO 15 
II =1-1 
IST= ISTARTd) 
DO 30 J= 1ST,II 
K  = II- J+I 
IP =  ID(J) * K 
QWB{L)=QHB(L )-»-VKQ(IP)*H(J) 

30 CONTINUE 
15 CONTINUE 
QWB(L)«QWB(L)-GP(L ) 
QSUM=QSUM+QWB{L) 

10 CONTINUE 
RETURN 
CND 
SUBROUTINE FQSETiIT,ITCUR,DELT,FQ,TPAT ) 

C 
C  SETS DRAWDOWN FUNCTION FOR WELL DISCHARGE ITERATION. 
C 

COMMON /ATIME/TIME{60I,SWi60),DSW(5»,QCALCi5 ) 
1 F(TPAT.EQ.l ) GO TO 20 
IF(IT.GE.31  GO TO 10 
IF({IT.EQ.1J.AND.(ITCUR.GT.ITI J  FQ=SW(IT) 
GO TO 20 

10 CONTINUE 
DO 15 1=1,IT 
HDLTA=0.499»DEL T 
IFiHDLTA.GT.TIMEili)  GO TO 15 
FQ=SH{I) 
GO TO 20 

15 CONTINUE 
20 CONTINUE 
RETURN 
END 
SUBROUTINE HREADiNNODE,L,INDEX) 

C 
C  READS IN NODAL VALUES AT STARTING TIME. 
C 

COMMON /VCOM/ORX{500),VEL(500),H(5001,IDARCY(500 ) 
COMMON /WORK A/VWORK. C 500) 
COMMON /ALEAK/QLEAK(50),HC0LD{50),HF(50),FINT(50,1),GP ( 40) 
NCARD«NN0De/6 
NCARDT»NCARD+1 
IST«1 
DO 10 J=l,NCARi) 
IEND=IST+5 
READiL,13)(VW0RKiI),I=IST,IEND I 

13 F0RMAT(6E 13.A) 
IST=IEND+l 

10 CONTINUE 
NRfM=NN0DE-NCABD« 6 
IES0«IST + NRFM-1 
READCL,13)(VW0RK(I),I»1ST, I END) 
DO 15 1=1,NNODE 
IF( INDF.X.EQ. I ) H(I ) = VWORK(I) 
IF(INDEX.EQ.2) QLEAK(I)=VWDRK(I) 

15 CONTINUE 
RETURN 
FND 
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SUBROUTINE HOFREE(HO,HSEEP,NRR) 
C 
C COMPUTES INITIAL FREE SURFACE. 
C 

COMMON /BDI5C/RVEC(50J,NDVFC(50), XLGNiI 801 
COMMON /AFREE/HF(50 5,NVMESH(I20),NVELM(150) 
HSEFP=UO 
HF(I)=HSEEP 
DO 10 KK=l,NRR 
K1»KK+1 
HF(K1)«HSEEP 

10 CONTINUE 
RETURN 
END 
SUBROUTINE ROUT(NNOOE) 

C 
C PRINTS OUT NODAL VALUES. 
C 

COMMON /ADISC/X(300, 2),N0D{500, 3) ,NREP( 500) 
COMMON! /VCOM/ORX (50 0), VEL (500 ), H( 500 1, I DARC Y{ 500) 
COMMON /ADPARA/TLESS1300),HLESS(300),VKO(300,1),VDT0P(200) 
DATA NREAD,NPRINT/1,3/ -
WRITE(NPRINT,53) 

53 FORMATC///) 
WRITE{NPRINT,3) 
WRITF{NPR1NT, 13) -
WRITE(NPRINT,23) 
WRITE(NPRINT,13) 
WRITE(NPRINT,3) 

3 F 0 R M A T ( 5 X , 5 0 ( ) ) 
13 F0RMAT(5X,«*',48X, ««•) 
23 F0RMAT(5X,»«« ,11X,'FINAL RESULTS OF ANALYSIS', 12X, «»» 1 

WRITE(NPRINT, 33) 
DO 10 I=1,NN0DE 
HRITE(NPRINT,43)I,X(I,l),X[I,2),H(n,TLESS(I),HLESS(I) 

10 CONTINUE 
33 F0RMAT(///,20X,'HEAD .VS. RADIUS AND l/U .VS. W{U)»,///, 

1 I0X,«N0DE' ,10X,« R-COORD«,lOX,•Z-COORD',lOX,•HEAD», l^X, 
2 'l/U',19X, ««(U)',//) 

43 FORflAT(lOX,I 3,2(6X, F10.2) ,8X,F10.4,7X,E11.4,10X,F1D.4) 
RETURN 
END 
SUBROUTINE HPUNCHiNNODE,L) 

C 
C PUNCHES OUT NODAL VALUES AT FINAL TIME. 
C 

COMMON /VCOM/ORX{500),VEL(500),H(500),IDARCY(500) 
NCARD=NN0DE/6 ' 
NCARDT=NCARD+l 
HRITEi3,23)NCARDT 

23 FORMAT(///,10X,'TOTAL NUMBER OF PUNCHED CARDS »',1101 
IST«1 
DO 10 J«1,NCARD 
IEND=IST+5 
WRITE(L,13){H(I),I«IST,IENDJ 

13 FORMAT(6E13.4) 
IST=IEN0+1 

10 CONTINUE 
NREM=NN00E-NCARD*6 
IEND=IST+NREM-1 
WRITEIL,13)(H(I),I«IST,lENDJ 
RETURN 
END 
SUBROUTINE HMEANVCLVECJ 

C 
C AVERAGES NODAL HEAD VALUES 3VER VERTICAL SECTIONS. 
C 

COMMON /ADISC/X(300,2),N0D(500,3) ,NREP( 500) 
COMMON /VCnM/nRX(500),VEL(500 ),H(500), I DARCYl 500) 
COMMON /6DISC/RVEC{50),NOVGC{50),JBD{90),0ISP(90) 
COMMON /AFREE/HF{50),NVHESH( 120),NVELM( 150) 
WRITE(NPRINT,3) ^ ,, 

3 F0RMAT(///,20X,'MEAN HEAD VS. RADIAL DISTANCE',//, 
I lOX,'RADIAL DISTAMCE',20X,'MEAN HYDRAULIC HEAD',//) 
NB0T«1 
DO 10 I=1,LVEC 
NTOP=NDVEC(I ) 
SUM=0.0 
DO 20 J^NBOTíNTOP 
JH^J-l 
JP»J<-1 
IF{JM.LT.NDDT) JM=NBOT 
IF(JP.GT.NTDP) JP=NTnP 
XDl«(X(JP,2)-X(J,2))*0.5 
XD2={X( J,2)-X(JM,?.J j-i-O.S 
SUM«=SUM»H(J)*(XDl+X02) 

20 CONTINUE 
HF( I l^SUM/lXiNTDP, 2)-X(NB0T,2) ) 
WRITE(NPRINT,11)RVECiI),HF[I) 

13 F0RMAT(10X,F15.2,20X,F15.A) 
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NBOT«=NTOP+l 

10 CONTINUE 
RETURN 
END 

SUBROUTINE BSIMP(NNODE,TH,DINDFX,SY,DELT,IT,ITMIN) 

C EVALUATES BOULTQN'S CONVOLUriGNAL INTEGRAL BY SIMPSON'S 1 / 3 RULE. 

DIMENSION FN(3) 
COMMON /ATIME/TIME(60i ,SW(60),DSW(5),QCALC(5) 
COMMON /VCO^/ORX(500),VEL(500),HDUH(500),IDARCYi50D) 
COMMON /ALEAK/QLEAK(50),HC0L0{50),H( 5 0 ) , H I N T ( 5 0 , U , & P ( 4 G J 
DOUBLE PRECISION DE XP,ARGU,FN,QCUNT 

c 
ITM=IT-1 
IF(ITM.EQ.O) GO TO 5 
TM=TIME(1TM) 

. TOLD=aiME{IT)+TlME(ITMM»0.5 
GO TO 15 

5 TM=0.0 
T0LD=0.5*TIME(IT» 

15 TMM = (T1ME(IT)4-TIME( IT + U ) * 0 . 5 
0 

00 20 1 1 = 1 , 3 
TC=TMi-DELT+( I I - I ) * 0 . 5 
ARGU=~(TMM-TC)«0INDEX 
F N ( i n = 0EXP( ARGU) 

20 CONTINUE 
ARGU=-DINDEX*(TMM-TOLOJ 
DO 30 I=1,'NN0DE 
I F d T . G T . ITMIN) GO TO 40 
T1 = 2 . * F N ( 1 ) * { H I N T ( I , 1 ) - H C 0 L D ( I ) J 
T2=4.*FN(2)<=(H( I )-HCOLDiI J ) 
T3a2 . *FN{ 3 ) * ( H ( I ) - H I N T ( I , 1) ) 
DQ «T1+T2+T3 
GO TO 50 

40 CONTINUE 
DO =(H( I)-HINT( I , 1) ) * I F N { 1 ) < - 4 . * F N { 2 ) + F N ( 3 J ) 

50 CONTINUE 
DQ=-DQ 
QCUNT=QLEAK(I)*DEXP(ARGU) 
OLEAK( I ) = QCUNT+DQ 
IF(OINDEX.LE.O.) QLEAK(n=DQ 

30 CONTINUE 
RETURN 
END 
SUBROUTINE SWMOD (I Q, IT , RCSNG, DLTA, QFIX,QAQFR,SWOLD, OSOLO,TPAT, FQ, 

IHO) 
C 
C ADJUSTS THE VALUE OF HELL DRAWDOWN. 
C 

COMMON /ATIME/TIME{60J,SW{60),DSW(5),QCALC15} 
COMMON /ALEAK/QLEAK(50l ,HCOLDl50) ,HF{50> ,FINT(50 , l l ,GPi40) 
DELT=DLTA/10.**3 
ACSNG = 22.0'Ì 'RCSNG#*2/7.0 
I F i I Q . N E . 1 ) GO TO 15 
IF(ACSNG.GT.0.0) GO TO 35 

C**'* I F d T . G T . 5 ) GO TO 1 0 
DSH(IQJ=-DSOLD 
GO TO 20 

35 CONTINUE 
I F ( I T . G T . 5 ) GO TO 10 
QRATIO=QACFR/QFIX 
I F ( A B S { Q R A T I 0 ) . G E . 0 . 8 J GO TO 10 
TMM=TIME( IT) -0 .5*DLTA 
FACTR=0.5«0ELT/ACSNG 
0 D E L = QF1X-QAQFR*0.9 5»TIME(IT) /TMM 
I F ( A B S ( Q R A T I 0 ) . G E . 0 . 5 ) QOEL=QFIX-QAQFR• 
DSW(IQ)=FACTR#QDEL 
DSW(IQl=-DSH(IQ) 
GO TO 20 

10 CONTINUE 
TOLD=T I M E ( I T - 2 ) 
ARGL1 = (TIME( IT ) -0 .5 *0LTA)/T3LD 
APGL2=TIME(IT-l)/TOLO 
TLOG^ALOGi ARGL I ) /AL0G( ARGL2} 
OSW(IQ)=(SW( I T - I ) - S W { I T - 2 ) ) * ( 1 . - T L 0 G ) 
DSH( 10) —DSWUQ) 
IF (DSW(IO) .GT.O. I DSW(IQ)=0.0 
GO TO 20 

15 CONTINUE 
I F ( I Q . G T . 2 ) GO TO 25 
I F ( T P A T . E g , 2 ) GO TO 62 
TERMI=I l . -QFIX/QCALC(iQ-I ) )»H0»*2 
TERM2«QFI X/QCALC( T 0 - n * S H { I T ) + * 2 
FT«SQPT(TERHUTERM2) 
DSH( lOI-FT-SWOLD 
GO TO 20 . 

62 CONTINUE 
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IF< (ACSNG.LE.O.KAND.iFQ.LT.O.) » GO TO 40 
DSH{ IQ1=0SW( 1)»QFIX/QCALC<1) 
on TO 20 

40 CONTINUE 
SWCnR-SW(ITJ-FQ«(QCALCiIJ-QFIXI/QFIX 
DSW(IQ)=SHCOR-SWCLD 
GO TO 20 

25 CONTINUE 
ODSW = DSW(IQ-l)-DSW( IQ-2} 
T E R m = QFI X-QCALC(IQ-1 ) 
TERM2 = QCALC( IQ-IJ-QCALC(IQ-2) 
0QR=TERK1/TERM2 
DSW(IQI=DSW(IQ-l)+DDSH*DQR 

20 CONTINUE 
SH(I7 )=DSW{ IQ)+SW0LD 
DSOLD=-DSW(IQ) 
RETURN 
END 
SUBROUTINE HOUTiNNODE,HO,HW,RO) 

C 
C PRINTS OUT NODAL VALUES. 
C 

COMMON /ADISC/X(300,2),NOD(500,3),NREP(500) 
COMMOW /VCO^i /ORX { 500), VEL{ 500 J, Hi 500), I DARCY( 500) 
DATA NREAD,NPRINT/1,3/ 
HRITE(NPRINT,53) 

53 FORHAT(///) 
c 

HRITE(NPRINT,423) 
DO 10 1=1,NNODE 
RHO=X{1,1)/R0 
TZI=X{I,2)/H0 
SDLESS=(H0-H(I))/(H0-HW) 
HRlTE{NPRINT,953)I,XiI,l),X{I,2),H(1),RHO,TZI,SDLESS 

10 CONTINUE 
953 FORMAT(5X,13,2(6X,F12.2),4(8X,F10.4)) 
423 F0RMAT{///,5X,'NODE*,5X,'R-C0ORDINATE',5X,« Z-COORDINATE',9X, 

I'HEAD VALUE' ,9X, »RH 0~C0CRD«, 9X, 'TZI-COORD* , 5X, • DI M, DRAWDOWN*,//) 
RETURN 
END. 
SUBROUTINE FOHESKiLVEC,NDFLEX,HEIGHT) 

C 
C RESETS TRIAL POSITION OF THE FREE SURFACE. 
C 

COMMON /ADISC/X{300,2),N0D(500,3),NREP{500) 
COMMON /BDISC/RVEC{50),NDVFC(50), JBD(90)tDISP(90) 
COMMON /AFREE/HF{50 ),NVMESH(120),NVELM( 150) 
COMMON /ALEAK/QLEAK(50),HC0LDi50),ZF(50),FINTi50tl),GPi40l 
NST=1 
DO 10 I=1,LVEC 
RR=RVEC(I) 
J=NDVEC(I) 
HSTOR=HF{I) 
HF(I)=ZF{I) 
X(J,2)=HF{I) 

C 
C ADJUSTS Z-COORDINATES OF VARIABLE NODES. 
C 

NDT=NVMESH{NST) 
XCC=X(N0T,1)+0.01 
IF(RR.GT.XCC) GO TO 10 
ZDIF=XlNOT, 2)-X{N0T-l, 2) 
DXRTIO=(HF(I)-HEIGHT)/(HSTOR-HEIGHT) 
IFCNST.EQ.NDFLEX) GO TO 10 
DO 19 K=NST,NDFLEX 
NK«=NVMESH{K) 
XK=X(NK,1)-0.01 
IF(XK.GT.RR) GO TO 29 
ZST0R=X(NK,2) 
X(NK,2)=X(NK-1,2)+DXRTIC*ZDIF 

19 CONTINUE 
29 CONTINUE 

NST=K 
IFiNST.GT.NDFLEX) NST^NDFLEX 
X(J,2)=HF(n 

10 CONTINUE 
RETURN 

SUBROUTINE BMDFIX(HH,HO,NNODE,NBD,NDW,NDR0,N8W.NSCREN,RW) 

C LOCATE NODES WHERE NODAL HEAD VALUES ARE PRESCRIBED. 

^ COMMON /A0ISC/X(300,2),N0D(500,3),NREP(500I COMMON /BDI SC/RVeC(50),NDVFC(50),J50i90),DISPC90) 
COMMON /WSCREN/XSCRI5),HSCR(5) 
K*0 
NFND=l 
DO 30 I=1,NSCREN 
XST*XSCR(n-0.01 
XENO«XST^HSCRCI)•0.02 
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DO 40 J=l,NNODE 
L=NFNO+J-l 
IF(L.EQ.l) GO TO 222 
IF(X(L,l).GT,RW) GO TO 30 

222 CONTINUE 
IF((X(L,2).LT.XST).0R.(X(L,2},GT.XEN01) GO TO 70 

22 
JBD(KI=L 
DISP(Ki=HW 
GO TO AO 

70 IFCX(L,2)•GT.XEND) GO TO 30 
AO CONTINUE 

NFND=L+I 
30 CONTINUE 

J=K 
NBW«J 
NST=NN00E-NDR04-I 
00 25 I=NST,NN0DE 

JBD(J)=I 
DISP(J)=HO 

25 CONTINUE 
NBD=J 
RETURN 
END 

C _ . 
C IDfcNTIFIPS HYDRAULICS PROPERTIES OF cACH ELEMENT, 

-eoMM ON -/ f s OL \f/ V D (20 0& y rH I ftT (30i)i-tiTi" PR^Ptssoi jmyv^r 
IF(I PROPd l.ffQ.O) GO TO 10 
AL=AK 
BL=BK 
-PfiL̂  pm —̂̂  • - - • • •  
VCL=VCR 
GO TO 20 

10 CONTINUE 
Al^AGP — 
BL=BGP 
PML=PMSP 
VCL= \/GP 

-20-€QNT-INye-
RETURN 
END 
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5. MODIFICATIONS  

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) NLAYR, which denotes the number of layers in the 

multi-layer system (Maximum value allowable in the 

current listings is 3) 

(ii) NNODE, which denotes the number of nodes in the 

entire finite element network (Maximum value 

allowable in the current listings is 300) 

(iii) NELEM, which denotes the total number of elements 

in the network (Maximum value allowable in the 

current listings is 500 in programs STC0N3, 

TRC0N3, STFREE and TRFREE, and 200 in STCOND 

and TRCOND) 

(iv) NT , which denotes the number of elements having 

different geometry (Maximum value allowable in 

the current listings is 150) 

(v) 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 STC0N3 

COMMON /ADISC/X(NN0DE,2), NOD(NELEM,3)̂NREP(NELEM) 

COMMON /ASOLV/ISTART(NNODE) ,NBAND (NNODE) , ID (NNODE) 

COMMON /CSOLV/VD(LEN),HINT (NNODE,1),IPROP(NELEM),DC3,3) 

COMMON /BSOLV/CK(NNODE,1),VK(LEN) 
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COMMON /ADPARA/TLESS(NNODE),HLESS(NNODE),GK(NNODE,I),VDTOP(2OO) 

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 TRC0N3 

DIMENSION JDARCYCNELEM) 

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 /BS0LV/CK(NN0DE,1),VK(LEN) 

COMMON /AS0LV/ISTART(NN0DE),NBAND(NN0DE),IDCNN0DE) 

COMMON /CSOLV/VD(LEN),HINT(NN0DE,1),IPROP(NELEM),0(3,3) 

COMMON /VCOM/ORX(NELEM) ,VEL(NELEM) ,H(NELEM) ,IDARCY(NELEM) 

COMMON /ADISC/X(NNODE,2),NOD (NELEM,3),NREP(NELEM) 

COMMON /ACORE/VCORE(LEN) 

COMMON /ADPARA/TLESS (NNODE),HLESS (NNODE),GK(NN0DE,1) 

VDTOP(200) 

(iii) M/PROG. OF STCOND 

COMMON /A LAYR/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),SLXCNT,6),SLY(NT,6),SELK(6,6),EK(6,6) 

COMMON /CELEM/ELK(3,3,NT),B(NT,3),C(NT,3),AREACNT) 

COMMON /ASOLV/ISTART (NNODE) ,NBAND (NNODE) , ID (NNODE) 

COMMON /BS0LV/CK(NN0DE,1),VK(LEN) 

COMMON /CSOLV/VD(LEN),HINT (NNODE,1),IPR0P (NELEM) 

COMMON /VCOM/ORX (NELEM) ,VEL (NELEM) ,H(NNODE) , IDARCY(NELEM), 

0(6,6) 

COMMON /ADPARA/TLESS (NNODE) ,HLESS (NNODE) ,GK(NNODE,!) , 

VOTOP(200) 



299 

(iv) M/PROG. OF TRCOND 

COMMON /ACORE/VCORECLEN) 

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),NREPCNELEM}, 

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), 

0(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(5,3) 

COMMON /BELEM/B(NT,3)C(NT,3),AREA(NT) 

COMMON /ASOLV/ISTART (NNODE),NBAND (NNODE),ID(NNODE) 

COMMON /BSOLV/CK(NNODE,!), VK(LEN) 

COMMON /CS0LV/VD(LEN),HINT(NN0DE,1)IPR0P(NELEM), 

D(3,3) 

COMMON /VCOM/ORX (NELEM) , VEL (NELEM) ,H (NELEM) , IDARCY (NELB!) 

(vi) M/PROG. OF TRFREE 

COMMON /ADISC/X (NNODE, 2) ,NOD (NELEM, 3) ,NREP (NELEM) 

COMMON /AELEM7ELK(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 /BS0LV/CK(NN0DE,1)VK(LEN) 

COMMON /CSOLV/VD (LEN) ,HINT (NNODE, 1) , IPROP (NELEM) ,D C3,3) 

COMMON /VCOM/ORX (NELEM) , VEL (NELEM) , H (NELEM) , IDARCY (NELEM) 

COMMON /ACORE/VCORE(LEN),VKORE(LEN) 

COMMON /ADPARA/TLESS (NNODE) ,HLESS (NNODE) ,GK(NNODE,!) , 

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 the 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 length of the corresponding block (under the same COM̂ íON 

name). 

For example in subroutine GXNOD of Program STC0N3. Suppose the 

.statement 

COMMON /AELEM/ELKC3,3,150),EKC3,3) 

is modified to 

COMMON /AELEM/ELKC3,3,300),EKC3,3) 

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) 

COMMON /AELEM/NTRAN(5,90),NH1(5,90),NH2(5,90),NDB1(5,90), 

NDB2(5,90),NDWB(459) 

It may be noted 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 MATERIALS 

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 

(i) 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 TRC0N3, TRCOND AND TRFREE TO START • 

THE SOLUTION AT ITST > 2 

The programs TRC0N3, 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 not at rest. (i.e. the hydraulic 

heads at all points in each layer are not equal 

to 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 TRC0N3 and TRCOND 

SW = absolute value of the well drawdown at the beginning 

of the starting time step 

DSOLD = absolute value of the drawdown increment at the 
I 

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 program TRFREE 

SWOLD = height of the water level in well at the 

beginning o£ the starting time step 

= increment of SWOLD DSOLD 

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 

1 1 (110) 

H(l) H(2) HC3) HC4) HC5) HC6) 

nm H(8) HC9) H(10) HCll) HC12) 

1 
^ C6E10.4) 

JiQWODE) 
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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 
(110) 

QLEAK(l) QLEAKC2) QLEAKC3) QLEAK(4) QLEAK(5) QLEAKC6) 

OLEAKfyi . OLEAKrS-) QLEAKQ) QLEAK(IO) QLEAK(ll) QLEAKC12) 

' 6(E10.4) 

QLEAKCLVEC) 

(iii) Values of the variables SWOLD, DSOLD and QAQFR. The 

data card is to be punched according to 

SWOLD DSOLD QAQFR 
C3F10.3) 
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6. INPU T DATA FOR ADDITIONAL FLOW PROBLEMS 
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3 1 0 1.50 

1.00 1000.00 0.00 50.00 0.20 

10.000 20.000 0.060 

0 
100.00 

0 0 

2 2.00 0.50 

0.50 1000.00 0.00 50.00 0.20 

10.000 20.000 0.060 

0 1 0 

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 

0.060 0.040 0.010 0.500 

0.0010 50.00 

-50.00 

2 2.00 0.50 

•Specification 
Card 

Problem 1 

Problem 2 

Problem 3 

Figure 27: Input data for STCONl 
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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 O.lOE-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 O.lOE-04 

0.060 0.050 0.010 O.lOE-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 O.lOE-04 

O.lOE 00 O.lOE-01 

10 100.000 1.500 0.000 

2 2.00 0.25 

•Specification 
Card 

•Problem 1 

-Problem 2 

— Problem 3 

Figure 28: Input data for TRCONl 
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3 I 1 1.50 

0.50 100.00 0.00 20.00 0. 20 

0 0 

10.000 20.000 0.060 

-50.00 

0.50 1.50 200.00 2 2 

1 6 1 

10.00 10.00 

0.50 1000.00 0.00 20.00 0.20 

1 0 

10.000 20.000 0.060 

0.060 0.050 0.010 0.500 10.000 

-50.00 

0.50 1.50 200.00 2 2 

0 5 1 

10.00 10.00 

0.50 1000.00 0.00 40.00 0.20 

0 1 

10.000 20.000 0.060 

0.0010 20.00 

-50.00 

0.50 1.50 200.00 2 2 

0 11 2 

0.00 10.00 

20.00 10.00 

Specification 

Card 

Problem 1 

Problem 2 

Problem 3 

Fig. 29: Input data for STC0N3 
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2 0 0 1.50 

0.50 5000.00 0.00 0.20 2 

100.00 1.00 0.01 

0 1 0 1 0 

0.40E 02 O.lOE 02 0.60E 02 0.60E-01 O.lOE-04 

0.20E 02 O.lOE 03 O.OOE 00 O.OOE 00 O.lOE-03 

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 0 1 1 

0.20E 02 O.lOE 02 0.20E 02 0.60E-01 O.lOE-04 

0.20E 02 O.lOE 04 O.OOE 00 O.OOE 00 O.lOE-03 

0.20E 02 O.lOE 02 0.20E 02 0.60E-01 O.lOE-04 

O.lOE 00 
/ 

O.lOE-01 

10 1 4000.00 1.50 0.00 

0.50 1.50 500.00 

6 2 

2 2 3 

5 3 5 

2 2 3 

0.00 20.00 

40.00 20.00 

Specification 
Card 

•Problem 1 

•Problem 2 

Figure 50: Inpu t data for TRC0N5 
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3 1 1 1.50 

0.50 100.00 0.00 0.20 2 
0 1 0 

20.000 10.000 20.000 0.060 
20.000 1000.000 0.000 0.000 
-50.00 
0.50 1.50- 20.00 

5 1 
2 2 5 
2 3 5 

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 
-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 

-50.00 
0.50 1.50 200.00 

5 1 

2 3 5 

2 2 5 

20.00 20.00 

Specification 
Card 

Problem 1 

Problem 2 

Problem 3 

Figure 31: Input data for STCOND 
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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 O.lOE 02 0.20E 02 0.60E-01 O.lOE-04 
0.20E 02 O.lOE 03 O.OOE 00 O.OOE 00 O.lOE-03 

0.100 0.100 0.010 0.500 20.000 
0.20E 00 O.lOE-01 

10 1 1000.00 1.50 0.00 
0.50 1.50 500.00 

3 1 

6 3 5 
5 2 3 

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 O.lOE 02 0.20E 02 0.60E-J01 O.lOE-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 

Specification 
Card 

Problem 1 

Problem 2 

Figure 32: Input data for TRCOND 
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3 1 1 1.50 

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 

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 

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 

0.45 1.50 200.00 2 2 

5 1 

15.00 20.00 

Specification 
Card 

Problem 1 

•Problem 2 

Problem 3 

Figure 33: Input data for STFREE 



2 0 0 1.50 

0.50 1000.00 50.00 50.00 0.20 

100.00 1.00 0.01 

O.lOE 02 0.20E 02 0.60E-01 O.lOE-04 0.20E 00 O.lOE-01 

1 1 1 2 

0.060 0.050 0.010 0.500 0.000 

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 

O.lOE 02 0.20E 02 0.60E-01 O.OOE 00 0.20E 00 O.OOE 00 

1 1 0 1 

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 20.00 

Specification 
Card 

Problem 1 

Problem 2 

C/J 

CKI 

Figure 54; Input data for TRFREE 
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