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ABSTRACT

A General Model of Well Fields Influenced by

Barrier and Recharge Boundaries

by
Najwan Tawfeek Shareef, Master of Science

Utah State University, 1981

Major Professor: Dr. David S. Bowles
Department: Civil and Envirommental Engineering

This model is designed to calculate the drawdown of a piezometric
surface or water table at a given point of interest in a well field.
Many different well and aquifer hydraulic conditions can be considered.
The effect of field boundaries is solved by the image well theory. Many
points of interest, wells (recharge or injection), boundaries (barrier
or recharge), and time increments as well as constant and variable
pumping rate case have been included in the model. The drawdown at a
point of interest can be decomposed into the following components for
each real well due to the effect of: the existence of boundaries,
partial penetration of the well in the aquifer, and the well loss at
the walls of the well due to turbulent flow. Both the International
Systems of Units (SI) and the English system are available. The option
of using graph of drawdown vs distance or drawdown vs time is also
available. Also included in this thesis is a well-spacing design

-

problem as an application of the model.
(103 pages)



CHAPTER I

INTRODUCTION
Background

Groundwater is the body of water which occurs in the saturated zone
beneath the ground surface and whose motion is exclusively determined
by gravity and by the frictional forces provoked by the motion itself.
This body of water in the saturation zone and that in the aeration zone
is bounded at the top and bottom by either impervious or semiimpervious
strata.

Wells generally serve as devices for extracting groundwater from
aquifers, which are geologic formations which contain and transmit water.
Wells serve such purposes as for subsurface exploration and observation,
disposal of sewage, industrial or radicactive wastes, draining agri-
cultural lands, controlling salt water encroachment, relieving pressures
under dams or levees, and artificial recharge of aquifers.

Design features of the well depend on the quantity of water ex~
tracted, economic factors, the well's objective and hydrologic condi-
tions. Spacing of wells is largely affected by the drawdown‘within the
region of interest. The greater the spacing of the wells, the less their
interferénce, but the greater the cost of connecting pipelines and power
installation. The drawdown itself is affected physically by:

a) Well boundary conditions such as well percentage of penetration
through the aquifer, well diameter and gravel envelopes, screens,
perforation, amount and duration of pumped (or injected) water, and

schedule of pumping.
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b) Aquifer characteristics and aquifer boundary conditions such as
hydraulic characteristics of the aquifer, its thickness, and the
existence of barrier and recharge boundaries which delimit the con-
tinuity of the aquifer.

The assumption of infinite areal extent of the aquifer is made for
both the equilibrium and nonequilibrium formulas in well hydraulics.
Practically, in many instances the existence of boundaries serve to
limit the continuity of the aquifer, in one or more directions, to
distances ranging from a few hundred feet to as much as tens of miles.
The boundaries may be either of the barrier type, such as an imper-

meable outcrop, also termed a "negative boundary,” or of the rechérge
type such as a stream in a hydraulic contact with the aquifer, some-
times called a '"positive boundary." The influence on groundwater
movement and storage of hydrologic boundaries, which often exist in the

.real world, may be determined by means of the image well theory as

described by Ferris et al. (1962).
Objective

The objective of this study is to build a computer program to
calculate the drawdown of a piezometric surface (for confined aquifer),
or the drawdown of a water table {(for unconfined aquifer) at any point
of interest within a well field for a variety of wells, vertical aqui-
fer, and horizontal aquifer boundary conditions. The program will be
designed to be used by engineers for designing well fields influenced
by recharge and barrier boundaries. The program will be based omn an
earlier model by Bowles and Rogers (1973). The specific tasks neces~

sary to fulfill this objective are listed below:



1. To review the literature in well hydraulics, boundary condi~-

tions, image wells, and design of well fields.

2. To understand the earlier model by Bowles and Rogers (1973).

3. To modify this model so that it will include the following

modifications:

a) The program will handle the following aquifer and well

conditions:

i)

ii)

iii)

iv)

v)

vi)

Steady-state radial flow in isotropic, nonleaky
artesian aguifer with fully penetrating well and
constant discharge conditions.

Steady-state radial flow in isotropic, watertable
aquifer with fully penetrating well and constant
discharge conditions.

Unsteady-state radial flow in isotropic~nonleaky
artesian aquifer with fully penetrating well and
constant discharge conditions.

Unsteady-state radial flow in anisotropic~nonleaky
artesian aquifer with fully penetrating well and
constant discharge conditions.

Unsteady-state radial flow in isotropic-nonleaky
artesian aquifer with partially penetrating wells and
constant discharge conditions.

Unsteady~state radial flow in isotropic leaky artesian
aquifer with fully penetrating wells without water
released from storage in aquitard and constant dis-

charge conditions.



vii) Steady-state radial flow in isotropic leaky artesian
aquifer with fully penetrating wells without water
released from storage in aquitard and constant dis-
charge conditions. |

viii) Unsteady-~state radial flow in isotropic leaky artesian
aquifer with fully penetrating wells with water re-
leased from storage in aquitard.

ix) Steady-state radial flow in isotropic leaky artesian
aquifer with fully penetrating wells with water re-
- leased from storage in aquitard.

x) Unsteady-state radial flow in isotropic watertable
aquifer with fully penetrating wells and constant
discharge conditions.

}b) The boundary geometry will be restricted to the following
cases:

i) Infinite aquifer

ii) Semiinfinite aquifer

— iii) Wedge-shaped aquifer
iv) Infinite-strip aquifer
v) Semiinfinite~strip aquifer
vi) Rectangular aquifer
¢) The program will calculate and analyze the following com-
ponents of the drawdowns:
i) Total interference from other wells
ii) Portion due to partial penetration
iii) Magnitude of well loss (in real well only)

iv) Total drawdown effects from all boundaries



d) The program will be suitable for use as a tool for solving
problems with:
i) Comstant pumping rate
ii) Variable pumping rate
Finally, the program will use both S.I. and U.S. systems of units.
4. To verify the model by hand calculation and debugging the
program.

5. To write thesis in form of a user manual.
Outline

Chapter 11 reviews the various types of groundwater models, ex-
plains the well drawdown equatibns and image well theory. Chapter III
contains a description of the various components of the computer model,
and describes the advantages and the limitations of the model. 1In
Chaptgr IV, model verification and the application to an optimal well
spacing problem, are described. Finally, Chapter V gives the summary,

conclusions and recommendations for further work.



CHAPTER II

LITERATURE REVIEW

Groundwater Models

Introduction

Groundwater plays an important role in the hydrologic cycle. The
amount of water beneath the ground surface is much greater than surface
water. So groundwater has great contribution in water resource planning,
especially when surface water is rate. Until the advent of groundwater
computer models it was difficult to evaluate groundwater availability
and quality, the cost of pumping, or effect of groundwater development.

The techniques used in groundwater modeling are as follows (FAO 1978).

* Physical models

In physical models the groundwater prototype is scaled down to a
model of similar materials and has the same basic physical properties
such as sand models. San models are useful in demonstration and are

powerful to represent unsaturated and multiple fluid flow problems.

Analog techniques

Darcy's law in fluid mechanics, Ohm's law in electricity and
Fourier'é law in heat transfer are similar in principle and application.
Analog techniques are based on the similarities in equations for ground-
water flow and the flow of electricity. These analogs are devices with

similar input-output or cause and effect relations as the true systems.



Electrolytic rank analogs, resistence network analogs, resistence
capacitance analogs, viscous fluid parallel plate model, membrane models,

etc. are examples of these techniques (Bouwer 1978, FAO 1978).

Mathematical models

A mathematical groundwater model is a mathematical expression, or
group of expressions, that describes the hydraulic relations within the
system. It is usually in the form of differential equations together
with the auxiliary conditions (the system geometry, the hydraulic
characteristics of the system parameters, and the initial and boundary
conditions) (Remson, Hornberger, and Molz 1971).

Mathematical models may be grouped into 6 types, each of which is

briefly reviewed.

Analytical solutions

These soiutions for groundwater problems, which are in the form of
pértial differential equations, were dominated in the 1950s. In the
1960s and 1970s, there was more attention to numerical modeliqg
because of the invention of high speed computers. But analytical
solution 1is still the ideal way to solve these problems. Many ground-
water problems were solved in this method like land subsidence due to
artesian pressure, single and multiple boundary aquifer system (Stallman
1963, Vandenberg 1977}, fresh water injection in a nonleaky artesian
salaquifer (Esmael and Kimbler 1967), and estimating the rate and volume
of stream depletion by near by production wells (Theis 1941, Jenkins
1968). Books are available to describe the solution of partial differ-
ential equations like deWiest (1965), Verruijt (1970), Kruseman and

de Ridder (1970), Walton (1970), Todd (1959), and Bear (1972).



Type curve techniques

In this method the unknown parameters could be solved by super-
posing the fitting data curve on a "type curve." The various factors can
then be computed. These solutions were summarized by Kruseman and de

Ridder (1970), and others.

Graphical solutions

These solutions have a limited extent. They are based on the appli~-
cation of numerical techniques in heat flow to groundwater such as the
graphical solutions for both linear and radial flow conditions (Thomas

1961).

Differential analyser solutions

This analyser is a device to solve differential equations. It is
constructed by fluid, electronic or mechanical means to solve the

differential equatiocns (Tyson and Weber 1963).

Inverse problems

This is a trial and error technique to solve the formation factors
from water levels and input data, and then adjust the model until

historical data reproduced by the model through calibration procedure.

Numerical techniques

Numerical methods are those methods in which algorithms that use
only arithmetic operations and certain logical operations such .as
algebraic compari§on. They give approximated solution but not exact
one by using digital computers. These methods are used broadly now
because of the invention of high speed computers. There are two

methodology in this technique:



1) PFinite difference method: Finite differences were introduced

by Richardson in 1910 to solve partial differential equations. Appli-~
cation of this method for steady-state seepage problems started by

Show and Southwell in 1941. There are many books available to describe
this technique like Carnahan, Luthér, and Wilkes (1969), Remson,
Hornberger, and Molz (1971), ete. The finite difference method depends
on useful mathematical properties of square grid networks, in which the
nodes are of the same size. The basic idea of these methods is to
replace derivatives at a point by ratios‘df the changes in appropriate
variables over a small but finite interval (Remson, Hornberger, and Molz

1971). For example, the derivative dE/dX becomes

dH _ 1lim AH QEL:;El) (1)
dX . AX~0 AX AX : ' : : ) ’ : ‘ ’

;n which

Hl and H, are the heads at the grid points numbers 1 and 2
The size of the increment AX depends on the problem itself. If AX
becomes very small, the functional problem is approximated to a contin-

uous one.

2) Finite element method: This method was started in the early

1950s in the aeroscope industry, then it was published by Turner et al.
in 1956; Melosh (1965) proved that this method was a variation of the
Raleigh-Ritz procedure. Basically, in this method, any continuous
quantityvcan be approximated by a discrete model composed of a set of
piecewise continuous functions defined over a finite number of sub-
domines (Segerlind 1976). This technique is established by starting

from a formulation of the fundamental problem, not through a differ-
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ential equation and boundary condition. Starting with Darcy's eg-

uations and the continuity equation:

VX = -k d¢/dx . . . . . . . . . . . (2)
vy = -k d¢/dy N &)
d VX N d v . “
- & . . . . . . . . . . .
in which
VX = the velocity in the x direction
Vy = the velocity in the y direction

x and ¥y are the cartesian coordinates
¢ is the total head
k is the permeability
Substituting equations 2 and 3 in equation 4 yields the Laplace equation

which is:

S kB 42 2y
w0 Ty k) =0 - ()

Now the region is subdivided into a large number of subregions Rj, the

elements, in which each element produces a contribution Vj to the value

of the function V so that

where

n ié the number of elements
Usually the e;ements are in a triangular shape. At the nodes the basic
parameters are taken. The wvalues of these parameters in the interior of

the element varies in a linear relationship (Verruijt 1970).
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Equations Used for Different
Agquifer Hydraulic Characteristics

Background

Due to hydrologic cycle in nature, earth was formed with different
strataor geologic formations. Each stratum had its unique properties
like particle size distribution, particle size diameter, chemical com
ponents and their chemical behavior, degree of compaction of the soil,
capacity to hold and transmit water, which means that the stratum react
as a storage for water, etc. These properties might be changed from
time to time.

From the groundwater hydrologic point of view, these geologic
formations might be classified according to their boundary conditions
and amount of water in storage. Bouwer (1978) defined an aquifer as a
"groundwater-bearing formation sufficiently permeable to transmit and
vield water in usable quantities." Hantush (1964} defined other types
of aquifers: '"artesian aquifers, also known as confined or pressure
aquifers, are those in which groundwater is confined under pressure by
impervious or semipervious strata. Water table aquifers, also known as
free, phreatic, or unconfined aquifers are those in which the upper
surface of the zone of saturation is under atmospheric pressure. Aqui-
fers, whether artesian or water table, that lose or gain water through
adjacent semipervious layers are called leaky aquifers. A water table
aquifer resting on a semipervious layer that permits slow movement of
water is called a leaky water table aquifer. An artesian aquifer that
has at least one semipervious confining bed is called a leaky artesian
aquifer. If the flow across the confining beds is negligible, the

aquifers are called nonleaky aquifers." An aquitard as defined by
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Bouwer (1978) is a confined aquifer which is sufficiently permeable to
transmit water vertically to or from the confined aquifer, but not

permeable enough to laterally transport water like an aquifer.

Hydraulic cases used in the program

A total of eleven cases with different aquifer and well boundary
conditions are treated in this thesis. The definition of each case is
presented in Table 1. Table 2 gives the drawdown equations, references
to the tabular solution if used, and a reference for the derivation of
each equation. In Table 3 the definition of the symbols used in Table 2

are given.

Variable discharge

Since the equations of groundwater flow are linear for the confined
case, and approximately linear for the unconfined case, if the drawdown
due to pumping is small compared with the thickness of the saturated
zone, the principle of superposition is applicable, That is, the draw-
down at any point of interest is additive for any number of wells and
this is the basis of the image well technique.

The principle of superposition can alsc be applied to the case of
variable discharge. If Q> Ql cens Qn are the discharge rates for a
certain well at different times, then AQl, AQ2, ...,AQn are the changes
in discharge at each time. Thus the total drawdown at a point of inter-
est can be estimated by the following equation in which each AQ is con-
sidered to come from a separate real well located in the same position
(Freeze and Cherry 1979).

Q AQ AQ
° W(u,) PR W(u) + oo +70n W) . . .. (6)

by - b T 4uT

° " Gt



Table 1. Definitions of well drawdown cases.
With Without
. water water
Fully Partially ) released released
Case Sready Unsteady Isotropic Anisotropic penetrating penetrating Confined  Unconfined Leaky  Nonleaky from from
Number squifer agulfer aquifer aquifer
wall well storage storage
in in
aquitard aquitard
1 X X X X X
2 X X X X
3 X X X X X
4 X X X X %
s X X X X X
6 X X X X X
7 X X X X X X
8 X X X X X X
9 X X X X X X
10 X X X X X X
13 X X X X

el



Table 2. Well drawdown equations.

‘Table no. in

Case Source
Number ‘ Equation used the reference reference
R *
1 s ={Q ln(;}/(z m Km)} 40.783 - Bouwer (1978)

2 s =00 RnG%)/(nK)} 40.783"

3 g = 114.

4 s = 114.

6 Q W(u)/T

6 Q W(uxy)/v/TxxTyy - Tyy?

5 s = 114.6 Q W(u,<§, Y)/T
6 sp = 114.6 Q Wp(u,-ﬁ, /T
7 s = 114.6 O W(u, t/B)/T

= x
8 s = 229 QK /T
9 s = 114.6 O W(u,$)/T

T

10 s =229 Q(RP)/T
11 s = 114.6 Q W(uay, r/B)

T3.3 p. 140

T3.4 p. 142

T2 p. 707

T2 p. 704

TIIT p. 313

Tl p. 704

Appendix 2 p. 480

Bouwer (1978)

Walton (1970)

Walton (1970)

Walton (1970)

Walton (1970

Hantush (1956)

Hantush (1956)

Hantush (1964)

Hantush (1956)

Boulton (1963)

%
The constant 40.783 is used to change the units of the equation from S8.I. to F.P,S.

71



Table 3. Definitions of symbols used in Table 2.

15

Txy symetric tensor of transmissibility

Symbol Definition Units
FPS§ SI
B in cases
no. 7, 8, and
10 B = yIn'/p' ft m
B in case 1
- no. 11 B = VT/(x.Sy) (g/ft)? m
k permeability of the aquifer gpd/ft2 m/day
K = well function - -
ob
m thickness of the aquifer fr m
m’ thickness of the aquitard ft m
p' permeability of the aquitard gpd/ft2 m/day
Q discharge rate of the well gpm cubic meters
day
T distance from the pumping well to ft m
~the observation point
R ' radius of influence of the well ft m
s drawdown at the observation point ft m
S coefficient of storage of the - -
aquifer
s drawdown due to partial pene- ft m
P tration only
s? coefficient of storage of the - -
aquitard
Sy specific yield - -
t time after pumping started days days
2
T , transmissibility of the aquifer gpd/ft m /day
Txx,Tyy components of the second-rank gpd/ft mz/day
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Table 3. Continued.

Symbol Definition Units
FPS SI
2
u, u uoru = 1.87r§ - -
a = ST
t
(T Y2)+T X% 1 Xy) - -
u . = 1.87 8 "xx vy *y
7 7 t(T__ T -T_2)
XX ¥y Xy
u u_ = 1.87 r2 S
y
Tt
w{u)
W{u,r/B)
w(u,r/m,Y) well functions - -
W(uay,r/B)
w(uxy)
W, )
X, ¥ coordinates of the observation ft m
point
, -1 -1
a 1/{delay index) day day
Y ﬁercentage of well penetration - -
r S’ 1
\l’ Iib - (4) T g mt - v -
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in which

ho - h = the drawdown
u - rZS

i 4Tt

i

ti = the time since pumping started for discharge Qi
i =0, 1, 2, ..., n
w(ui) = the well function at time ti

Well losses

Because of the small velocity of flow of water in an aquifer, the
flow is considered laminar. The formation loss of the aquifer, i.e. the
drawdown computed in all well drawdown equations, is directly propor-
tional to the discharging rate of the well. In the vicinity of the well,
turbulence occurs due to the well screen, gravel envelope, and the
developed zone outside the well casing. This phenomenon causes another
. head loss called 'well loss.' This loss varies with some power of the
discharge Q. The total head loss in the well can be approximated as

_ 1
Siw = Cf Q + Cw Q . . . . . . . . . . . (7)

where
g, 1is the total head loss
iw
Q is the pumping rate
Cf is the formation constant

Cw is the well loss constant

n is the exponent due to turbulence (Bouwer 1978)
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Image Well Theory

Definition

Image well theory has been described as follows:
"The effect of a barrier boundary on the drawdown in a well, as a result
of pumping from another well, is the same as though the aquifer were
infinite and a like discharging well were located across the real
boundary on a perpendicular thereto and at the same distance from the
boundary as the real pumping well. For recharge boundary the principle
is the same except that the iamge well is assumed to be discharging the

aquifer instead of pumping from it." (Walton 1970)

Barrier boundary

The barrier boundary is an impermeable barrier. It is assumed that
the irreguiarly slopping boundary can, for practical purposes, be re-
placed by a vertical boundary, without sensibly changing the nature of
the ?roblem. The hydraulic condition imposed by the vertical boundary
is that there can be no groundwater flow across it, for the impermeable
material cannot contribute water to the pumping well. An imaginary
discharging well has been placed at the same distance as the real well
from the boundary but on the opposite side, and both wells are on a
common line perpendicular to the boundary. At the boundary the drawdown
produced by the image well is equal to the drawdown caused by the real
well. Therefore, the drawdown cones for the real and image wells will
be symmetrical and will produce a groundwater divide at every point
along the boundary line. Because there can be no flow across a divide,

the image system satisfies the boundary conditions of the real problem.
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The resultant drawdown at any point of interest on the cone of depres-
sion in the real region is the algebraic sum of the drawdowns produced
at that point by the system of real and image wells. The constant pro-
file of the cone of depression is flatter on the side of the real well
toward the boundary and steeper on the opposite side away from the

boundary than it would be if no boundary were present.

Recharge boundary

In this case, the well in an aquifer is hydraulically controlled
by a perennial stream. For thin aquifers the effect of vertical flow
component are small at relatively short distances from the stream, and
if the stream stage is not lowered by the flow to the real well there
is established the boundary condition that there shall be no drawdown
along the stream position. So for most field situations it can be
assumed for practical purposes that the stream is fully penetrating and
equiyalént to a line source at a constant head. An imaginary recharging
well 1s assumed to be placed at the same distance as the real well from
the line source but on the opposite side. Both wells are situated on a
common line perpendicular to the line source. The imaginary recharging
well operates simultaneously with the real well and returns water to
the aquifer at the same rate that it is withdrawn by the real well. The
resultant drawdown at any point of interest on the cone of depression
in the real region is the algebraic sum of the drawdowns produced at
that point by the system of real and image wells. The resultant pro-
file of the cone of depression is flatter on the landward side of the

well and steeper on the riverward side.



Multiple boundary system

Two or more boundaries are required to delimit a wedge—shaped
aquifer; two parallel boundaries form an infinite-strip aquifer; two
parallel boundaries intersected at vight angles by a third boundary
form a semiinfinite-strip aquifer; and four boundaries intersected
at right angles form a rectangular aquifer. The image well theory
could be applied to such cases by taking into consideration successive
reflections on the boundaries.

A number of image wells are associated with a pair of converging
boundaries. Each primary image well produces an unbalanced effect at
the opposite boundary. The actual well angle "A" is approximated as
to one of certain aliquot parts of 360° as specified by Ferris et al.
(1962) as follows:

. If the aquifer wedge boundaries are of a like character, "A" must
be an aliquot part of 1809, If the boundaries are not of a like charac—
ter, "A" must be an aliquot part of 90°. Then the number of reflections
required to produce abalance image system is given by the equation

_ 3600 _

N A

1. . . . . . . . . (8

The locus of image well locations is a circle whose center is at the
apex of the wedge and whose radius is equal to the distance from the
pumped well to the wedge apex.

I1f the arrangement of two boundaries is such that they are parallel
to each other, the number of image wells are extending to infinity.
Practically it is only necessary to add pailrs of image wells until the

next pair has negligible influence on the point of interest.
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Generally, geologic boundaries do not occur as abrupt discontin-
uities with the geometry allowed for by image well theory. However, for
the purpose of analyzing drawdown in well fields it is often possible to
approximate them as such.

The image well theory could also be applied in case of multiwell
field system. If there are n wells working at Ql’ Q2, e Qn pumping
rates at distances of rl, r2,

the drawdown equation is (Freeze 1979):

- T from an observation point, then

h —h=Sl—W(u)+-Q-g——W(u)—I~ + By ) 9)
o 4aT 1 4uT 2 T 4mT n’ ‘ - :
in which
h, -~ h is the drawdown at the observation point
2
u, = 2 S‘ i=1, 2, , It

(a1
i

the time since pumping started for the discharge Qi
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CHAPTER III

MODEL DESCRIPTION, ADVANTAGES, AND LIMITATIONS

Background

The dfawdown model originated with an earlier vefsion written by
Bowles and Rogers (1973). That model calculated the drawdown for three
aquifer boundary condition cases, namely; steady state, confined aquifer;
steady state, unconfined aquifer; and unsteady state, confined aquifer
in the English system of units. It included the analysis of boundary
conditions, several wells, several points of interests, change of the
drawdown as the discharging time continued, and graph. The model
‘described in this chapter is an expanded version of the earlier model
and is capable of holding 11 aquifer and well boundary conditions,

English or metric system of units, constant or variable pumping rate.

Model Description

Appendix A contains the program listing and the flow chart illu-
strating the interrelationship of the main parts of the program.
Figure 1 shows the interrelationship between the main program and the

subroutines.

Input

Input to the program is from two sources. A file which contains
the tables for well functions, and the data on punched cards which de-

fine the scope of the problem to be solved. The data cards define the
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The interrelationship between the main program and the subroutine.
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number of cases to be solved, the system of units used, the number of
boundaries, the number of points of interest, the number of wells, and
the type of aquifer and well boundary conditions. Boundary geometry,
points of interest, and the cartesian coordinates of real wells must be
specified in another set of cards. Aquifer characteristics for the case
study are read separately. Time data are read from another card.
Finally, if variable discharge problem is to be analyzed, a set of cards
to define the discharges of each well must be specified. Appendix B
contains examples of the data cards to be used with their format for
several example cases.

Errors might arise if wrong data are used or there is a violation
in program limiﬁations. Appendix B contains the error messages which
may be printed during the program execution.

If the S.I. system of units is used in the input, then the data are
converted in the program to the F.P.S. system. Table 4 contains the
conversion factors fortall the parameters used in the program. Appendix

B contains a description of input data and formats.

Table 4. Conversion factors.

Multiply one By , To obtain
Meter 3.281 feet
cubic meter/day 0.18345 gallon/minute
square meter/day 2.28 gallon/day/foot
meter/day 0.695 gallon/day/ft2

Analysis of geometry

The boundary configuration is limited to the following six cases

which can be analyzed with the image well theory: no boundaries, one
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boundary, two intersecting boundaries, two parallel boundaries, three
boundaries intersected at right angles, and four boundaries intersected
at right angles. Figure 2 illustrates these cases. An error message
will be given as an output if the problem to be solved is not one of

these cases,

Image well generation

The purpose of image well generation is to find the number and the
coordinates of the image wells due to the existence of boundaries, and
the distances from the observation point to the image wells. To do this
job, three subroutines are used, REFLEC, PARALL, and INTERS subroutines.

Subroutine REFLEC determines the coordinates of the image wells
and checks whether the boundary is barrier or recharge one. Subroutine
INTERS determines the number of image wells (n) in the case of inter-
secting boundaries with an angle of (A) using equation number (8). Sub-
réuntine INTERS calls Subrountine REFLEC to determine the coordinates
and type of the image wells (discharge or recharge). Subroutine PARALL
determines the number of image wells in case of parallel boundaries,
calls Subroutine REFLEC to find the coordinates and typebof the image
wells, finds the distance from the point of interest to the image well.
Subroutine PARALL then calls Subroutine DRAWDO which calculates the
drawdown from each well which is explained in the next section. Sub-
routine PARALL checks the change in drawdown as additional image wells
are added to see if it is within a user-specified convergence limit. The
maximum number of image wells is 1000 (see the limitation of the pro-
gram). Subroutine REFLEC is also used by the main program in the case

of a single boundary.
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Drawdown computation

The coordinates, type, and number of image wells are stored and
then used to evaluate the total drawdown at each point of interest as
the algebraic sum of drawdown due to each image well and each real well.
The computation of drawdown is perfomred by Subroutine DRAWDC. The
first four cases (see Table 2) are solved analytically. The other
seven cases (see Table 2) use the well function tables to interpolate
linearly the value of well function and substitute it in the drawdown
equation. This interpolation is done by two subroutines, INTRP1 and
INTRP2. 1If the well function table is one dimensional, Subroutine
INTRP]1 is used, and if it is two dimensional, Subroutine INTRPZ is
used. In the unconfined aquifer unsteady case (case number 11) two
alternative equations are used depending on the time since pumping
began. Boulton (1963) gave a graph for estimating the time range of
each equation from the value of r/B. This graph was approximated by a
table of times which are interpolated using Subroutine INTRP3 using a
given value of r/B. An error message is printed by the program if the
value of r/B is not within the bounds of the table.

Drawdown may be evaluated for a series of time intervals based on
a logarithmic scale. A choice of minutes or days as a time unit and of

the number of log cycles of time (up to 3) must be made by the user.

Well losses

The well loss for each well at each pumping rate, if variable
discharge rate is used, is calculated as follows:

n
s, = Cw Q



28

in which
s, = the well loss due to turbulence flow near the well
Q = the pumping rate of the well
CW = the well loss constant
n = an exponent relating the discharge Q to the well loss, s,

The two constants CW and n are stored in the main program and then used

to calculate the well loss directly.

Several real wells

Up to fifteen real wells can be analyzed simultaneously using this
program. A separate image well system is generated for each real well.
At each point of interest, the drawdown is composed of contributions
from all real and image wells. The program could be easily changed to

accommodate more than 15 real wells.

Several points of interest

The program can calculate drawdown at up to 15 points of interest
at the same time. These points could be positioned to give enocugh
drawdown information to enable to draw contour lines of the water table
surface or the piezometric surface. If these points are on a straight
line a graph option may be used to show the change of drawdown along
the line. A relatively simple change for the program would print more

than 15 points.

Variable pumping rate

A variable pumping rate can he justified for any of the unsteady
cases (i.e. cases number 3, 4, 5, 6, 7, 9, and 11). Pumping from the

real well(s) must be specified for each time interval. The discharge
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in each step or time interval is considered to be constant. For the
variable pumping condition the time intervals must be used in days and
each interval must be of the same length.

To explain how to great this case, suppose there are n pumping
rates and m wells. Thus the number of time steps is nt+l. Let Qi
represent the discharge for well number i1 at stage of pumping j. At the
initial time of pumping when j=1 the discharge Q41=0 for all wells (i).
If the discharge of well k is constant in all time steps, i.e. ij is
constant for all values of j, while the other wells have a variable
discharge, then the values of Qgj should be set equal to the same value
in each time step.

The number of time increments and the whole pumping time is stored
and then used to calculate the drawdown through double matching do-loops
(see Figure 3 and the flow chart). The first do-loop is used to calcu-
late the drawdown for the new change in discharge in the recent time
interval, and the second do-loop is used to calculate the drawdown con-
tinuation from the previous changes in discharges in the previous time

intervals.

Analysis of drawdown components

Drawdown is divided to four components for each real well, the
drawdown caused by pumping from the real welleﬁcludingthe effect of
partial penetration and boundaries, the effect of partial penetration
in the real well only, the effect of boundaries, and the effect of
partial penetration on the boundaries. In the program, the drawdown
caused by each real well aﬁd the effect of partial penetration is

stored. As the computation of drawdown for each real well with its
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image wells is completed the stored value of drawdown is called and
subtracted from the total sum of drawdowns caused by real and image
wells. This process is repeated twice to find the effect of the system

alone, and the effect of partial penetration alone.

Program options

Many options are used in this program to broaden the utility of
the program. A full description of these options is given in the user's
manual contained in Appendix A. Any number of runs (NCASES) with
different parameters can be run sequentially in the same program
execution. S.I. or foot-pound-second system of units c¢an be used
(JUNIT). Optional tabular output of the drawdown components (1TABLE)
and tabular output of individual image and real well calculations
(INDIV) is also available. A time unit option (ITUNT) makes an avail-
able choice of using days or minutes. Both cases of constant or
variable discharge can be handled using the parameter ITMV. One or more
time increments can be used to show the change of drawdown as time
proceeds by using NTI option. Finally, an optional graph of drawdown

vs. distance or drawdown vs. time is available using IPLOT option.

Qutput

All the equations of drawdown computations in this program use the
F.P.S. system of units. If the input data is the S.I. system, then it
is converted to the F.P.S. system for the calculations and the results
are converted back into S$.I. units. The conversion factors are given

in Table 4.
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Three type of output exist:

I. A basic tabular output of input data and results.

2. Two optional tabular outputs. The first one is for the in-
dividual processes of the program containing the coordinates of
each image well and its contribution to total drawdown at a
point of interest. The second one contains a breakdown of the
drawdown components.

3. An optional graphical output of drawdown vs. log (time from the
beginning of pumping) or drawdown vs. log (radius from the'real
well) in case of constant pumping rate. if variable pumping
rate is used»then a graph of drawdown vs. (time from the
beginning of pumping) is drawn.

Examples of the program output are given in Appendix C.

Model Advantages

The purpose of this section 1s to explain the advantages of model
and its practical field application. At this point, the reader should
have an adequate understanding of the working of the model. Groundwater
models serve as a means to understand the mechanism of groundwater
resource in nature and to predict what might happen under various
possible future conditions. So groundwater models are a very valuable

tool in water resources planning.

Time saving

This model could save a lot of time in hand calculations to predict
the drawdown in a well field, especially when the basin is a complex

one with many wells, several barrier or recharge boundaries, and there
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is a variable discharge rate. The task of placing the input data in the
required input format saves days or even weeks of longhand error-prone
calculations. This capability for rapid calculation of drawdown under
complex conditions will also make possible the examination of-many
alternative designs which would otherwise be impossible. Convenient

tables of input data and results are provided by the program.

Education tool

v

This program with its associated tables are stored in a computer
disk file which can be readily transfered to other computers. The
program would be useful to students of groundwater in helping them
develop a rapid feel for drawdown complicated groundwater systems and
to enable them to perform sensitivity studies on wuch factors as

hydraulic aquifer characteristics and different boundary conditioms.

Groundwater contour map

It is possible to predict water table or piezometric surface maps
in a simple or complex basin by using this model. The procedure is to
make a run with enough points representing the region of interest to
find the drawdown at each point as a result of pumping or recharge.
Thus, the contour lines of equal heights of water table or piezometric

surface can be drawn through these points.

Model contribution to agriculture

It is important in agriculture to have a permissible range of water
table elevations. Maintaining the root zone in the soil with certain

percentages of water and air is determined by twe factors, soil pro-
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perties and water table elevation. Using the model, it is possible to
predict the water table elevation and then determine the amount and time
for pumping so that the plant will not die neither because of wilting,
nor because of extra amount of water in the soil pores. It is also
possible to determine the schedule of irrigation for a permissible
drawdown in the field in the daily, weekly or monthly basis as needed.
This problem can be solved by the wvariable pumping rate case which is

one of the most powerful part of this model.

Model contribution to industry

Water is as important in industry as in agriculture. Huge amounts
of water are used in different industrial production processes. In
some cases, the factories have their own wells to produce water. The
amounts of water used in industry varies in each day, week, or month
according to the period of working hours, days, or according to the
rush production. Using the model helps in the drawdown prediction in
the well field. A convenient table of pumping schedule can be easily

prepared.

Groundwater recharge

Sometimes it is required to recharge a basin with water to compen-—
sate the drought periods. Injection well is. one of several means to
recharge the basin with water. The rise in the water table or piezo-
metric surface can be computed in the model by specifying the well type
in the input data as an injection or a discharging well. A combination
of discharging and injection well systems in the basin, if exist, can be

analyzed normally.
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Construction dewatering

In the construction of building foundations below the water table
it is necessary to lower the water table using wells around the periphery
of the excavation so that work may be carried out in the dry. Using the
model, systems of dewatering wells could be analyzed in an iterative
design procedure to find the best layout to achieve the required

lowering of the water table.

Model Limitations

Even when the model covers a variety of situations, it is con~
strained in its logic to some constraints. Sometimes, when the model
is blocked to these constraints, there is an error message as an output.

1. TFirstly, the model is constrained to a maximum of 15 points of
interest, 15 wells, 4 boundaries, and 15 steps in variable discharge
case. These numbers are within practical uses. These limitations can
be changed simply by increasing the dimensions of the arrays, but then
the program will become more expensive to run.

2. Another limitation is the geometric configuration of the
boundaries (six kinds of configurations). These configurations, 1f
violated, will result in an error message. In practical situations, the
real world should be approximated to one of the six cases if possible.

3. Convergence limit of the drawdown is one of the most important
limitations in the program if a pair of parallel boundaries exists. The
existence of parallel boundaries will result in an infinite number of
image wells. Practically, this number is determined so that the final

image well contribution to the drawdown has a negligible effect. This
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negligible effect is the value assigned to the convergence limit in the
program logic. If a small convergence limit is assigned in the input
data, a large number of image wells will result which causes an ex-
pensive run. Error message is given as a warning message if the number
of image wells exceeds 1000 and the drawdown in the last image well is
still more than the convergence limit.

4. The interpolation of well function from the stored tables in
the files in the computer memory is done linearly. So the well function
curves are approximated to straight lines between the nodal values of
the tables. To have more accurate results, a large number of small
increments should be used. Also if the point of interest is too close
to the well or far away from it, the interpolating value becomes out-
side the table limitations.

5. In unsteady, water table variable discharge case, it is assumed
that if the drawdown is within 10 percent of the aquifer thickness, then
water is assumed to flow horizontally from the aquifer to the well and
hence the principle of superposition is applied.

6. Some additional limitations arising from the structure of the
computer program are:

a. Only one point of interest can be considered when dealing with

more than one time increment in the constant discharge case.

b. Only one point of interest can be considered when dealing with

more than one time increment in the variable discharge case.

¢, Time must be expressed in fractions of a day and not hours or

minutes in the wvariable discharge case.
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CHAPTER IV

MODEL VERIFICATION AND APPLICATION

Many examples using different model options have been run and
verified by hand calculation. These examples include all boundary types
and configurations, aquifer types, equilibrium and nénequilibrium cases,
constant and variable pumping cases, and the F.P.S. and S.I. system of
units. Several of these cases are described below and example output

and output may be found in Appendix C.

Model Verification

A set of selected cases from the above mentioned examples is
described below. These examples cover the most important components
of the model and are made up of various combinations which could be

encountered in the field. Refer to Figure 2 for boundary configurations

and Table 1 for the definition of drawdown cases used in these examples.

No boundaries and drawdown case 11

The drawdowns were calculated at a point of interest for four days
of variable pumping rates from founr fully penetrating wells in an un~
confined aquifer, under nonequilibrium conditions. The metric system of

units was used. This run cost 11 cents.

Single boundary and drawdown case 7

The drawdown was calculated over two log cycles of time in days

after the start of constant pumping, for a fully penetrating well in a
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leaky artesian aquifer without water released from storage in an aqui-
tard under nonequilibrium condition. The graph option of drawdown vs.

time was used. This run cost 32 cents.

Parallel pair of boundaries and drawdown case 9

Drawdown was calculated at the middle point between two parallel
boundaries due to pumping at a constant rate from a fully penetrating
well in a leaky artesian aquifer, with water released from storage in
aquitard under nonequilibrium condition. Time is in minutes and the
S.I. system of units were used. In this rum, the tabulation of the in-
dividual contributions to drawdown from each real and image well was
included. This run cost 19 cents. |

o . R
90 intersection of two boundaries
and drawdown case 5

The drawdown was calculated at a point of interest due to four
partially penetrating wells in an unconfined aquifer with various per-
centages of penetration at each well. The drawdown was calculated at
four time increments under variable pumping conditions for the non-
equilibrium case. The S.I. system of units was used. This run cost 15

cents.

Semiinfinite aquifer and drawdown case 4

Drawdown was calculated at 15 points of interest laying on a
straight line. A fully penetrating well is located in a confined semi-
infinite strip anisotropic aquifer. One of the boundaries is a re-
charge one while the parallel pair are of the barrier type. This run
cost 15 cents. The S.I. system of units was used. The computer output

in Appendix C includes a graph of drawdown vs. distance.
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Two perpendicular parallel pairs of boundaries
and drawdown case 1

The rise in the piezometric surface due to the injection of water
via a fully penetrating well was calculated in a.rectangular, confined
aquifer under equilibrium conditions. This rectangular aquifer might
represent a water storage basin. The S.I. system of units was used.
This run cost 13 cents. The printout, including the tabulation of the
individual contributions to drawdown from each real and image wells, is

given in Appendix C.

Application to Well Spacing

Purpose

The problem of well spacing is a practical problem facing ground-
water engineers. Two objectives should be satisfied in this problem,
engineering feasibility and cost minimization. The amount of drawdown
at any point of interest depends on the spacing of the wells and the
distances between the observation point and the production wells. For
a given aquifer and boundary configuration, there are many alternative
well field dgsigns, rénging from a small number of wells spaced far
apart, and hence less well interference, to a larger number of wells
with closer spacing. In the first case, the pipeline cost is more and
the well drilling cost plus casing and maintenance cost is less than the
second case. A design requirement is that the drawdown be limited and
the design pumping rate be obtained. The criterion for selecting an

alternative design is that it will have the minimum cost.
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Problem statement

It is required to obtain a design discharge of 750 gpm in & well
field to be located in a confined aquifer type (drawdown case 3) such
that the drawdown in the most affected well is not more than 10.00 +
0.15 feet to ensure artesian flow conditions and to minimize the in-
stallation and operation cost of the pumping unit. The wells should
be located on a circumference of a circle, and the discharging water
from these wells will be collected, by means of pipelines radiating
from the center of the circle. There is a barrier boundary located
15,000 feet from the center of the circle. The following data are
available (see Figure 4).

Permeability of the aquifer, k = 400 gpd/ft2

Thickness of the aguifer, m = 120 ft

Coefficient of storage of the aquifer, S = 0.0005

Well loss constant,CW==O.00001

Well loss exponent, n = 1.75

Depth of each well = 150 ft

Maximum period of well system operation = 5 days

Cost of cementing each well = $200

Annual maintenance of each well = $200

Discount rate = 10%

Estimated life span for the wells and pipelines = 30 years

Annual maintenance for the pipelines = $0.

Cost of drilling wells with casing, the pipeline cost, and the per-
missible discharge foxr each diameter are given in Table 5 (persbnal

communication with the well drilling companies in Logan, Utah 1980).
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Table 5. Cost and permissible discharge for various well diameters.

Well or pipe Drilling cost

Permissible
diameter of well Cost of pipeline discharge
(in.) _ _(8/ft) ($/£t) (gpm)
6 21.00 3.00 100
8 24.00 4.30 200
10 32.00 5.25 400
12 39.00 6.25 600

The object of the problem is to design the most economical spacing of

the well system.

Solution

The procedure to solve this problem begins

by assuming a certain

number of wells located on a circle circumference with an assumed

radius. The discharge of each well is equal to the design discharge

divided by the number of wells. The coordinates
computed and a model rum is performed to compute
well nearest to the barrier boundary. Well loss
the total drawdown and the resultant drawdown is

maximum permitted drawdown in the aquifer system.

of each well are

the drawdown at fhe

at the well is added to
compared with the

By varying the

radius of the circular well field the radius at which the selected

number of wells results in the maximum permissible drawdown is obtained.

For each radius a new model run is made to compute drawdown at the well

nearest the barrier boundary. As the radius is increased the interwell

interference decreases, but the boundary interference increases in the

wells located nearer to the boundary.

The next step is to assume some other numbers of wells and repeat

the above procedure to obtaln a maximum radius such that the constraint

on maximum drawdown is still met.



43

The result is a set-of alternative well field designs (see Table 6),
each of which has approximately the same maximum amount of drawdown in
the well nearest to the boundary and each of which has the same design
discharge. ZEach alternative differes from the others by the number of
wells and their spacing and therefore the cost of installation and
maintenance. The total cost of each design is expressed as an equiva-
lent annual amount. It is composed of the equivalent annual amount of
all the wells and the connecting pipelines between the wells and the
center of the well system circle, and the annual maintenance of the
well system. No operation cost is required since no pumping is needed
under artesian flow condition. Cost figures are also included in Table
6. The selected design is the one with minimum total cost. From Table
& it can be seen that this design comprises 7 wells located around a
circumference of a circle of 1600 feet diameter. The total annual cost
is $4,669. The computer model output for some runs performed in this
well spacing case study is included in Appendix C. The role of the
computer model in this well field design problem is to define the

feasible set of designs that satisfy the maximum drawdown condition.
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Economical analysis of alternative well field designs.
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Number of
wells 4

10

Total drawdown
at the well
(ft)

Discharge from
each well (gpm)

9.98

187.50
Diameter of
well (in)

Radius of
center of
wells (ft)

8.00

5,000

Total pipeline
length (ft)

Total pipeline
cost (%)

Cost of cemen~-
ting all the
wells ($)

Cost of drilling
all the wells

($

Capital invest-
ment cost

(%

Equivalent
annual capital
cost (%)
(Based on 30
yr life, 10%)

Yearly main-—
tenance ($)

20,000

86,000

800

14,400

101,200

5,800

800

Total annual

cost 6,600

10.01

150.00

8.00

2,750

13,750

59,125

1,000

18,000

78,125

4,477

1,000

5,477

10.00

125.00

8.00

2,000

12,000

51,600

1,200

21,600

74,400

4,264

1,200

5,464

10.10

107.10

6.00

1,600

11,200

33,600

1,400

22,050

57,050

3,269

1,400

4,669

10.0% 10.00

93.70 83.30

6.00 6.00

1,400 1,300

11,200 11,700

33,600 35,100

1,600 1,800

25,200 28,350

60,400 65,250

3,461 3,740

1,600 1,800

5,061 5,540

9.99
74.00

6.00

1,200
12,000

36,000
2,000
31,500

69,500

3,983
2,000

5,983
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CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The purpose of this chapter is to give a brief summary of the work,
to list the conclusions from the study, and to give recommendations for

further work which might continue the process of model improvement.

Summary

This study involves the computation of the drawdown in a well field
as a result of removal or recharge of water. A total of eleven differ-
ent aquifer hydraulic cases which are described in Walton (1970) and
Bouwer (1978) have been included in the model.

The problem of a finite aquifer caused by the existence of hydraulic
boundaries has been solved using image well theory as described by Ferris
et al, (1962). Six cases of boundary configurations, barrier or re-
charge boundaries, or combinations of both, can be énalyzed with this
program.

Water table or piezometric surface profiles can be calculated with
the model, and can be displayed as a graph of drawdown vs. distance by
using many points of interest (up to 15 points) arranged on a straight
line from the real well. Another graph option is available to show the
change of the drawdown with time as pumping continues.

Frequently, many wells working simultaneously may exist in a well
field. Up to 15 real wells (discharging or injection wells) with the

well loss computation for each one can be treated by the model.
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In addition to constant pumping rate case, a stepped pumping rate
case can be analyzed in any of the aquifer, well, or boundary situations.
A maximum of 15 time increments for the stepped pumping case can be
used. These time increments should be equal in length. A fraction of
a day can be used as a time increment. The change of drawdown in each
time increment at one point of interest can be displayed on a graphical
output but only days as a time unit is permitted in this case.

The drawdown components can be analyzed for each well at each
point of interest or at each time increment. Four components have been
considered: the effect of pumping from the well only, the effect of
partial penetration of the well alone, the effect of the boundaries (if
they exist) alone, and the effect of partial penetration by all the
boundaries. The total effect of pumping on the drawdown 1s the sum of
these four components.

To make the model more flexible, there is an option to use the S.I.
or F.P.S. system of units. énother option is to use a time unit in
minutes or days except in the variable pumping case when days must be
used. |

The outﬁut is in a tabular form with a graphical option. The draw-
down components table is option. There is another optional output which
shows the calculation of drawdown for each image well. Care should be
taken in using this option especially if a pair of parallel boundaries
exist in the problem because it can become quite voluminous.

A number of error messages are included in the program to inform
the user of incorrect input data or violations of the program limita-

tations.
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Conclusions

The following conclusions were reached based on the program
performance.

1. Convergence limit (CONV). Theoretically, the number of image

wells in the case of a pair of parallel boundaries should extend to

infinity. A convergence limit (CONV) is assigned by the user to

- truncate the series of image wells when the drawdown contribution from

the laﬁest image well is less than the convergence limit. The affect of
changing the convergence limit to the accuracy of fesults and cost of
running depends on the nature of the problemAto be solved. In some
cases, changing the convergence limit neither changed ﬁhe accuracy of
results nor the cost of running. In other cases, reducing CONV from -
0.05 to 0.01 feet, for example, increase the accuracy to + 0.025 feet
while the cost of running increased by 20 percent. Sometimes in the
cases of interpolating the well function from their tables, a little
change in CONV will cause the interpolating values to be outside the

table bounds.

2. Interpolation error. The effeét of limear interpoiation from
the well function tables cause a small negligible error. This inter-
polation error in most cases is less than 5 percent than the inter;
polation from the well function curves.

-3, Time until steady state condition achieved. The time at which

steady state flow conditions are reduced can be determined using the
model by running the unsteady state case with many time increments
until the increase in the pumping period has no effect on the amount

of drawdown.
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4, Factors affecting well spacing. From running the well spacing

example, it was found that the cost of the connecting pipeline has more
affect on well spacing than the cost of drilling the wells. The cost
of yearly maintenance of the well system is very sensitive to the well
spacing.

5. Cost of running and compilation of the model. The cost of

compiling éhe program is about $4.50 on the Burroughs B6800 computer.
The cost of storing the program in a computer disk plus the cost of
storing the well function tables in the files is about $5.50 per month.
The cost of running different cases depends on the nature of the problem
itself. The cost of running the case study increases with decreases in
the convergence limit, and with increases in the number of boundaries,
well boundaries, points of interest, and stages in the varible pumping
case. The cost of each run is given in each example and ranges from

1l¢ to 32¢. These costs are the night computer costs which are 10

percent of the usual daytime costs.

Recommendations

Nothing is complete in the real world because we are human beings:
The recent knowledge is built on the previous knowledge and so for the
future knowledge. This study needs to be continued, and there are
several recommendations for future work.

1) The boundary geometry is limited to six regular cases of
boundaries in this model. In the real world the boundaries are located
in irregular shapes and curﬁes. Introducing the éaﬁability for
analyzing well fields defined by such boundary configurations would be

a useful addition.
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2) Another recommendation is toAsolve cases 5 through 11 (see
Table 1) analytically without using the well function tables and an
interpolation procedure.

3) It would also be useful to add the sloping water table situation
to the program.

4) A capability for obtaining the drawdown at many points of
interest during many time intervals should ge included in the model.

5) The model can be adapted to utilize any pumping schedule which
might be proposed or used in the field.

6) A graph plotting subroutine can be added to plot drawdown vs
time and distance or vs two distances axes.

7} The well spacing analysis desecribed in Chapter IV could be in-
cluded as a separate subroutine to avoid the current trial and error
procedure which involves many separate computer runs.

8) Convert the program to be interactive.

9) A groundwater contour map subroutine should be added to the

model.
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APPENDIX A
Model Component
1. Model flow chart

2. Program listing
3. Variable Dictionary
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Figure A.l. Model flow chart.
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Program listing.

FILE
FIie
FILE
FILE
FILE

500
L11}
502
503
Sa4
509
$50
551
552

554
555

857
558
559
560
561

562
563

LOIKINDuDISK TETLETTABLE" (FILETYPENT)

PIAKINDRD I SK, TITLERTTABLEL* ,FELETYPERT)
L2 (NIHONDESK, TETLES™TABLEZ " (FILETYPERT)
PHEKIND=DISK, TITLES " TABLES™ F ILETYPERT)
A (KINDRDESK, TITLE2"TABLEA", FILETYPENT)

COMBON/BDB/DH(4),CLQ) ,BTYPE(T),TH(B) , NBNDS

17PTE/XPLAS ), Yp (45)

Q/RELL/HEIS ), YW1 ), HTYPEL1S) , CCONITLLIS) (RADI{IS) (HAELLS, WM
37GEOM/KINT (3,2} o KPARA(2,2) +KIINGeNSING)NINT, HPARA

B/HYORZPERN THEH GO T HO#SY HBAR SOAR, PEAR, ALF AL ALFTHT, T1nT
S/THNLZXI(1000),YIC1000), TYBIC1000),GD1F (15)

B/INDX/O, TPy W J s U1, JJ2 ) NTHGE NERR, TI 2, TIE,NTT o ISHAX, ITUHT
TZCONT/KPROB,PTo SCONVIZ) (L (303 o CONVLJUNTT IVV, I, IRK
S/OUT/ZTITLEC20) o X(100),YC100).2(100),Q(25,11),CAMA({S),THT
QZANIEZXN Yy TUY TXN e TYY e NLOG JTHV, TINC s I T, TIHE (1S5) e QVAR(15,15)
TZ7TAQL/ZHUIZ2) yNCE2) o THI00,15) ¥V (T5,18), N{85,85,123,0WF(300,15)
2/9LO8/LH(1S) s WN(TGY o BEECIS) s ECIS,15), YTOT{15,45), ITABLE
3/HTBLZYNOCLS,a5) YPN (15, 85), YMA (1%, 85),YPB(15,45),YSP(AS),8PTDT

DIMENSION YHILI5,45), YPLC1Ssa5) s YWH2(15,85) ¢ YP2(15,85),YTOTI(15,4%)
DIKENSION ¥H{1000),YH{J000)

FORMATLE®, ¢ (NI P8, 1,1 (P12 FY.} Y] FeFlate? 1¢F7,
1! Y,F0,2)

ForMat{3x,! te14,} fel1%,! tr%,! 12,

1 1eF5,2,212)

FORMAT (3%, ' ', FP.0.0  1,FP.0,% L F3, 0,85, 1, FT.0eY  14F7,
11,' 1,Fa,2)

FORNAT(3X, 1 tEB 2,1 19FS,0,1 tEB 2,0 14¥10,4)
FORMAT(IH], TERRDR NG ', ]2)

FORMAT(20A0)

FORMATOIHE 27/ /¢ BX, 'CONTRIBUTIONS TO TOTAL DRAWDOWN AT POINY OF INT
TEREST NOT,13,/,8),10Y REAL WELL NO',13,' ANG [T3 ASSDCIATED IMAGE
SHELL SYSTEMT,/ 8%, "MITH A DISCHARGE OF ',F7,2,' gpu!)

FORMAT(///798X, 'NO  TYPE X COORD ¥ COORQ RADIUS TIME DRAW
1DOWH  COHULATIVE!,/, 64X, iORAWDOWNEY

FORMATOIH s 3axe SO8X FTT)0aX, 1DAYSY ,uXs TFYE, 90X, 1FT1)

FORMAT (I c!'!r’!QXo'f")!aX"“lNS‘cst?71'19X"'7')

FORMAT(IHO,5X, 1a, ! REALY P9, 1,210, 1, F0. 16 1%, 58,2, 203X, F 1. 1))

FORMATE(Ha, 5%, Ea,' IMAGEY, FO,1,F10,1,F%,1,1X,F8,2,2(3%,F7 3))

FOGRUAT (/77 2 QA% PTOTAL CONTRIBUTIONT, OX,F7,3)

FORMATCLHOSX, 28,0 REALVeFI, 0aF1001,F9ele?  EOUIN 4 203X, FT7,3))
FORMAT{ (Mo ,5%, Ta,t [IMAGE',F9 t1,F10,1,F9,.1," ERUIHY, 2(3%,F7,3))
FORMAT (3x, 0 TEB 2 Toes, 2,0 " h,es,z,¢ 1;£8,2)
FORMATLNX, ! YeEB, 2,0 VRS0, ToEB 2, YeFa.2)
roanx!sax,' t,e8,2,! ToFS, 0,1 VeEB, 2! VeFS,0.7
[ * ) N

FORHATCax, ! V,£8,2,¢ T,pS,0,¢ VEB L2, V,FS.0.0
t lB 2t 1,£8,2)

FORHATOAX, 0 1, B8, 2,4 1eFS, 0,0 1oEB, 2, 1 ER 2.

b1 1]

568

566
567
548

C ane

< W o~ 8

<y
»

C &4n

tFLo,s5)
FORHAT(IHY9/77/700X, iCONTRIUTION TO TOTAL DRAMDOWN AT TIHE INCREMENY
1 NOY 13, /,B8x, 18y REAL WELL HOY, 13,1 AMD 1YY ASSOCIATED IHAGE wflL

2IYSTENY, 7,8, IHITH A DISCHARGE OF ', F7.2+! GPMY)

FORMATCINE ¢ 77/,0X, (CONTRIBUTIONS TO TOTAL DRANDQWH AT POINY OF [Ny
TEREST NOT,13,/,0X,'0Y REAL WELL NO',13,' AND 178 ASSOCIATED IHACE

ZHELL, SYSTEH! /p 8%, 'HITH & olsgntnce oF Y4FT, 2.0 CH/DY)

FORMAT(UIH o daxeS0ay tHTE) o X, TDAYEY g% 1HT 1, 0%, 1HTH)
FORMATCIH oy QX 308X THTH Yo X, EHINSY, 80, IHTY 95, N1 )
FORMATUINE 2/ 77)BX ¢ FCONTRIUTION YO TOTAL DRAWDONN AT TIME INCREMENT
§ NOT IY,7,8%,tBY REAL WELL NOY, [Bst AND IT8 ANSQCIAVED IMAGE Well

2EYSTEND 7, BX, INITH A DISCHARGE OF V,F7,2,' CH/DY)

CONPUTATION OF DRANDOMN USING IMAGE NELl THEDAY
APPLIED TO HYDROGEOLOGIE BOUNDARIES

READ (S¢/)NCABES, JUNLT, [TABLE
DO 300 ICABENE,NCASES

INEYIALYSE
NNP %0
Pyw22,/Y,
Ting,
T1UnY=0

TIME(1) 0,
NEHO3*}

DO 3 18Pag, 38
Y(13r)w0,

09 1 fLwi,2

00 $ [PsRAsL,2
KPARA(1PARA, IL)0
Do ¥ 1INT®Y,3
KINTCIINT 10 00
DO 8 881,18
Y9P(13) 00

20 9 Int, 40
te1yel

INPYY

HEADYNG
READ(S,509) (YITLE(I),1a),20)

CONTROL CARD
READ(Ss50§INBNDS, NPNTS  NHELLS,XPROB, CONv, INDT Y, IPLOT

READ WELL FUNCTION TABLEN FROM THE STORED FILES IF NEEDED

JF(KPROBLE, 4) GO 10 ¥}

READCIO, 73 (MEL)odumt 10, (NCEY Tut, 2ty

REAQEII, Z)CLTCL Koot N{K))enmintt)
REAB{12,/7)C4VC, K], Iwy H{K)), Ket, 10}

READCIS /73 C0UnCTa k)  Iul e H(NY ) o dwl, H{KI},Ket,9)
READ{IA, /) CCWF LT RY o In,NIKI D KR10,11)

5q



"

1o0
tos

13
(8]

i3

20

IF{HBNDI (B1,0)G0 TO 100

1F{NPNTS GT,25}50 10 109

TF(NNELLS,LT,15)00 10 10% R
NERR®}

.60 10 dp0

-

-

»

COIFQIUNTTLEQ,. 1)

IF{CONY LT,0,000000K)CONVRY,01 23

* BOUNDARY DATA

IF{NBNDS £0,03G010 ¢3

DO 10 lUsi NAHDY
READ(S,SO2)TH{IB),C(18),8TYPE(ID)
JFLJUNITY, Eo.li C(lB)*C(la}*J 28%

oo 11 NA-I.

NAHeNAw]

TFUIR{IBY ,EQ, (HaAH 9D, ) )60T0 14

CONTIRUE

TAWYH{Ig)+P1/100,

Go 10 V2

Tisg,

OMCIBYNTANLTA)

CoHTINVE

21
22

POINT OF INTEREST COORDINATES

DO §% IRaf,NPNTS
Reab(S5,502)XP{IP), YP(IP)
IFCJUNTT (€D, 1) XP(IP)uXP(IP)sY, 281
IF{QUNTT EQ, 1) YPUIPYInYP(IP)*3, 281
CanTINUE

*

"~y

29
REAL WELL DATA
DO 20 Jusi,NHELLS
READLS, SO0MXN{IN), YWLIH) NTYPECIH) ,QCONBT(IHY, RADLEIN), DANA(IW)Y

AQUIFER CHARACTERISTICS AND CHANGING OF UNITS
TFCJUNIT,EQ, 13 QUONST{InN)=QUONST(IN) 40,1834
1P LIUNLYLEO, 1) XH(;K)-Xhtiﬂi’! 281

weaunlr, SQ.IJ YH{IW) =YW IN)#3,281
lF(JUNl!q!Q;‘? RADTLIwIGRADIIN]) #3201
CONYINUE

25

LF{KPROD LT, 1) nzAnts,sosiptnn.1ch.cat.uo

IF(KPROBEQ, UIREAD(S, 559 TN, YYY, 1XY,U8T

1F(KPROB,EQ,S JOR,KPROB,EQ,6)READ(S, soo)Pcnn.chu,cst

1¥ (xkFROB,EQ, 7,00 ,KPROB, !o.s.oa XPROD,ED,.10) READtSva!)PEHK.INCK:C
197, MOAR, POAR

1F (XPROB, En.vykcao(s,s&z;rtan,rucx.csr.MBAR.PuAa.saAn
IF(XPROB,EG.11) READLS,S63IPERH, THCK,CET,8Y, ALFA

BEADLS, /Y CLCH{TW) Wi IM) ), THo)  uMELLS)

1F(JUNITEQ, 1)
TECIunTT EQ, 1)
TF(JUNTT, EQ,1)
IF{JUNTT, EQ,))
TFCuNET,EQ, 1)
TF(IUNIT, EQ, 1)
TFCIUNTT,E0.1)

36

CONVRCONYAY 281
HO=Hp+3,281
THEK R THCK 3,288
HRAR®HBARYD 281
TAXZERAR2, 28
TYYaFYY*R,28
TXYRTAYZ,28
PERHaPERNL 0,695
POARNPPARSD, 495

H44

29
HQUNTT G 1)

READ(S, /MTT, TTURT 1T, NLOC, TOEL T/ 1 THY, TINC
TFOITUNT NEL1,OR JITHY EQ.Q) GO TD 23

3

-

-

-

-

HERR®D
WRITE(&,500) HERR

40 10 %00 "

IF{11HY NE, o)non(s./)t(ov:ntlh,!tv).!R-l.nnzttal.!tv-l.:tﬂvoll
IFCLTNY EC,0) O 1o 22

!F(JUN!T Nt 1. AND,TTHY NEL0) GO YO 22

bo 21 RJ'I.MatLts
00 21 Kiw, tinveq

QVAR(KJ, K])unvAR(KJ.Kliﬂo.IBSQS
IF(HLOB,BT,3INLOBaS

!'(IYUNYQEO.!) Tisy1/1440,

Ti{st]

IF{IDELT.EQ,0)IDELT ]

t12eyy

TF(HTTL 0T, 1 AND, TTHV E0,0) T12e®a(102a4NL05)
IP(ITHY EQ. O AND HPNTS, 0T o[ ,ANDKTI,EQ.§) 8O 10 25
IF(LTHV EQ, 0, AND NPNTS.EG. I AND, HTT,67.1) G0 TO 28
IF{ITHY EQ, 0, ANO,NPNTS ,EQ .1 ,ANO,NTI,EQ,1) &0 YO 25
IFCITHY (GT 0, ARD NPNTS EQ. 1, ANO,NTT,GT,4) GO TO 25
NERR®3
$0Y0 400

ANALYS1S OF GOUNDARY QEOMETRY AND CHECK FOR COMPLIANCE wWITH
FERRTY LIHITATIONS

SEPARATE NO BOUNOARY CASE
1F (NBNDS ,£0,8100TD 2%

SINGLE BOUNDARY CASE
TP (NGNDANE. 100 YO 24
HpInGet

KSINGuY

0 10 84S

FIND PARALLEL PAIHS DOF BOUNDARIER
po 30 13[!],(N3ND$-Q) 8

20 32 i 2R (1By+{) NENDS

IF (TR( 181y N THLEB2) 300 TO 30
HEARASNPARAG]

KPARA(NPARA, L1 In[BY
NPARA{NPARK, 2} )82

GO TO(4%5,27,30), (NBNDSw])
CONTINUE

Ir(NPARA,EQ,2)5010 a3
G yol34,33,39), (uBuba~y}

ONE PARALLEL pAIR AND 8INGLE BOUNDARY CASE
N3ITNG=Y

00 29 1dw%y,s

1Y (I8, EQ KPARALL 1)) GOTO 29
IF{I8,EQ,KPARALY, 2} 6010 29

XK3INGe1B

Goto 39

CONTINUE

2 HONSPARALLEL BOUNDARIES ~ 1 INTERAECTION
HINTwY
KINT(1,1)%2
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i) )

(2]
-

3a

3%

KINTCL,2) w2
85 16 Ao

3 NON~PARALLEL BOUNDARIES = 3 INTERSECTIONS
HiNT=)

KINTC1,3)0)

KINT(L,2)e2

KEINTE2, 1) 08

KINT(Z,2)53

KINT (3102

KINT(3¢2)03

60 10 4o

CHECK SINGLE SOUNDARY PERPENDICULAR Y6 PARLILLEL PAIR
THOIFITFIX(THIKPARACL, 1)) THIKBING))

IF (AB3(THOIF) ,EQ,90)60TD 45

NERR®E

6o T 400

1 BOUNDARIES HUST aE 2 PARALLEL PAIRS
NERRAS

© 60 70 469

46

a2

43

L3 ]

1Y

CHECK INTERSECTION ANGLES COMPLY WITH FERRIS LIMITATIONS
DO 42 1INT=),NINT

NN=§

lrxervrﬁtx!n1z!lﬂr.l)).to.utva;x;utgx!Nt 23y )NHe?
THOIF e ABSCTHININT(IINT, 1)) TH(KINT(1ENT,2)))
IF(THOI¥,G1,90,)THDIFREBO, ~THDIF

THOENNSG0, /THDIF

ITHOETF Ix{ THD)

ALTHDBFLOAT (T THD)

TF ((THO=31THO) LY, 0,000008)60 TO a2

HEfR=d

G0 10 8p0

CONYINUE
6o to as

CHECK 2 PAIRS OF PARALLEL LINES PERPENDICULAR
THOIF®IF IX{TH{XPARACL, 1)) =TH(KPARR(2,1)))
1F{ABStIHDIF) £0, 9015070 48

NERART

G0 10 406

GENLRATION OF IMAGE NELLS
DO 8% [Wrf,NWELLS

RELL LOSSES IN CONSTANT PUNPING CA3E
IFUITHY JEQ.0) SEECINIWEN(IW) # (QCONST(INI2¢wN(IN})

COHNPUTATION OF ORAWDONWN IN CASE OF VARIABLE DISCHARGE

00 99 11Ve2, pTHY+y
IF{ITHY,E0,0) GO YO a7
00 46 IHw1, 1S

0o 4b Inel,1s
YHL(IH, IR ) vy,
YPi({IHsIRY O,
YH2(IH, IR &,

46

41

$a

35

3

b0

45

To
73

18

To

1T

»

-

»

YPI(IN, IR)50,
YIOT3¢iNa1RY 0,
510120,
sPiotwo,
T1yyalTy=1

WELL LOSSES IN YARTABLE PUNPINO CANE

HESALIN . 1)) 3(3!":IYV!'tN(lH)'!DVAR(I%-!VV)‘OKN(IH))
!ft:7HV.Nt.0)not LIVl ) mOVARCIW, ITY)~QVARLIN, [TV=1)
TIHECITY)mY IHECTTVA L J 4 TINC

DG 99 T1lul, 17Vt

ITCIYHVORE OITINTINCH(TTY=111)
TFCIIMY, NE.G)QCONSY (IW)eODIF(TIT)
Ti2e71

JJey

=0

JI2e0

HiHGent

X{LJ I ()

YIGJI)wyH(In)
TYPL(IIIHTYPE(IN)

IHTERIECTIONS BEYWEEN 2 BOUNHDARIES
IV (HINT,EQ,0)00 Y0 3§

DO 50 YINTVL,NINY

CALL INTERB(TINT)

CONTINUE

PARALLEL, PATRS OF BOUNDARIES
IF{NPARALEQ, 0180 TO &%
00 b0 IPARA:;,NPAR;
17 (IPARALED (1300 TO $9
be s7 J-JJt JJ2
CALL PAR:LL(]PAR;,J)
CALL PARALL(IPARA,{S
CONTINUE

SINGLE BOUNDARY

TF{NSING Eg,0)00 10 718

AT I N o)°a to 13

00 10 JlJJI

CALL REYLEC{DH(KSING)J?H(KOl”ﬂlvC(KS!NG)oB?YPE(KDlHU):J)
CALL REFLEC(DMIKBINGY, THIKSIND) ,C(KSING),BIYPELKSING), 1)

CONPUTE DRAWDOWN POR NPHYS POINT® OF INTEREST

DO 98 1Py, NPMIS
TFCITHY NE,0) GO0 TO 19
DO 15 1w, 1S

Do 76 Iawj, 1S

YHE(IH, IR)u 0,

YPE(IH, IR)ng,

YH (1M, LR) 0,

YP2{IU, IRYu0,
YTOT3(IH, IR) =0,

IF(ITHV EQ,0) 8107=0,
IF(ItHv,EQs0) SpTOTRO,
JFCINOIV,HE, 11000 78
IFLITYLNE 2, AHD  LI1,NE,1) 60 TO 78

LS



o5
-

18

C b

124

L]

84

a7

TFCJUNTTEO, 1, AND, TTHY NEL8) QVAR{IN, ITV)sQVAR(IW, 1TV}/0,18385
TFOJUNTT EQel o AND JTHY, EQa0) GCONST(IW)epCONST(In} /0, 18345
TFOITHY EQ, 0, aND JUNTTONELS) HRITE(S,550) IP, I, RCONSY(1¥)
IFQITMY EQ, 0, AND  JUNTT B4 1) WATTE (4,565) 1P 1%, 0CONST (IN)

1F CITHY (NE, 0 AND , JUNTT (NE+3) WRITE(6,564) IvyeinsqvAR{IH,ITY)
TFOTTHY NE, 0, AND JUNTT, EG, 1) HAITR(S,588) IVV, IH, OVARLIN, 11V}
TF{JUNTTLEQ, U, AND, TTHV.ER.O) ucowsr(!uy.ocnnsfz:up-o 18345
TFUQUNTT EQ, 1, AND, ITHY JNESC) QVAR(IWe 1TyIwavAR{IW, 1Ty}*0,18345
¥RITE(S,551)

:F{lrunt NE,§ AND,JUNTT NE, 1} WRITE(4,58%2)

tF(ITUNT, Eo.l kND.JUNlV N&.I} WRITE(&,%53)

LFCITUNTLNE 8, AN JUNTT,EQ,. 1) PRITE(S,S566)

1FCITUNT EG. 1, AND L JUNTT LEQ 1) NRITE (6,567}

COMPUTE DRAMDOWH CONTRIBUTION Y wELL JJ
DO 30 Jy*t.NIMGY

XAsARSLAPLIP) N (22}

YYSABS(YP(IP)~Y1{JJ))

RESBGRT C(XP (1P =XT(JI}} 4424 (YPLIP)YI(JI))esd)
1F(r,57,0,000001)6010 77

HERRES

Gorg oo

COMPUTATION OF DRAWDOWN A8 TIME VARIES

D0 90 IND=1,(NL0Gsq) -
00 90 IY¥¥=1,9,IDELTY
1F(NTI,E0,1,0R, FTHY,NE,0) GO TO foi
TI%11r*CtaneluD~-1))
T1lse1]

5107=0,

5P10Ta0,

00 T8 Inel.4S

PO TH Taet,as

YHY([H, 1R}wg,
YPL(IHy IR )0,

YH2(IN, IRY20,

YP2(1M, 10150,
YT0T3(IH, IR) w0,

IF(TIME,B,) GO YD B4
NHERR*Q
GoTo sago

CALL ORAWDO(R,V1,8)

IF (KPROB,NE,S5) GO To 87
KPROB=b

CALL DRAWDD(R,TI,SP)
KPRo8xS

TF(HTTLGT 1o AND, TTHY,EG,0) 180ITT4+(IND~1)+9
TFUNTILGT, taAND, TTHY ER,0) XN{18)mT2L
IF(NTILEGe ] o ANO, TTHV,ER,0) T8w]P
IF{NTELEQ. 1 AND, ITHV EQ,0) X(I8)*R
IFANTIW0T o1 AND TTMV HEL0) T8 IVY
TFINITGGT G AND JTHV  HE,0) X(J8)OTEMECITY)
TFANTTLEQ, 1, AND NPNTS,EQ, T, AND,ITHV, EQ, 0} 15wt

STOTXSTOT.8

YCIS)eY(18)48
I1SHANRIS

YSP({I8)eySP(IS) e8P

SPTQT=8PTQT+SP

£ xé DRAWDOWN COMPONENTS

JIFQJILEG, 1) YHI(IW, [3)e810T=3P 10T

TFCJJLEQ 1) YPILIN,I8)udPTOY

IF{JJ.EQ, HINGY) YN2{IW, 18)e8T0T»YNi(IW, 18)=8PT0T

IFCJI L EQ HIHGS) YP2 ()W, 18)8PTOTYPL(}W,]18)

1F(JJ,EQs NTHDS) YTOTSCIN, I uYRi{IN, IS)eYPECINGISI4YNZ{IR, 18D 4YPR(

1]

81

L1

990
L1

99

99
as

!1“![3)

IF(JJNE,NINGE) 80 YO 88
YHOUIN, J9)SYNI (N, 13}
YPH(IW, [8)wYPI{IN,13)
YRB{IH T8)aYH2(IN,13)
YPB(IW, I8)OYPR(IN, {8)
YTOT(IN,18)2YTOTI(IH,18)

IFCITHY HE, O} TIT=TEHELTTY)

IFLJUNTTLEQ, D)
IF{JUNIT,.EQ,1)
IF{JUNIT.EQ. 1)
1FLIUNITEQ, 1)
IF(JUNIT,EQ,4)
IFCITUNTEq.1)

XMEJJ NP (ITY /3,201
YH(JI)eYI(JI) /8,281
RHws/3,208)

gMuy/3 28}
8H70!t§707/3 281
Tli=tlataq0,

FUINDIV NE, 110070 66
(KPROB,EQ, 3,00, KPROB, 20,2, 0R KPROB,EQ,5,00,KPROB.EQ. &, 0R , KPROA,E

(I, 60, JoAHD W JUNTTCNE 1) HRITEC(S, 387100, X1(J0),YTI(JII), R 8,807

!
ir

l?;f.ﬂﬂ.nrnoo.zo.v.oa.xvaou.zo.!t: 60 10 8t
!

FUIJHE L AND, JUNTT NE 1) WRITUC#,5S8)JINI(IT)oYI{JI), Ry 9,8T70T
TFUIIEQel wAND  JUNTIT En, 1} WRITE{6,55T) 00 XH(JJY,YMEIJ) RN, 8H,BHTD

i
\ FOIJGNE 1, AND JUHIT EQ, 1) WRITE(6,S5813J,XH{JI), YH(JITRH, 9K, 38Ty
1

GoT0 86

TFUII EQed AND JUNTT L NE, 1) HRITECH, 554330, X80 13), v S)eRuTIL, 8,87

foy i
1!;(JJ.NE-!.‘ND.JUNIT.NK.RI HRITECH BSS)JSs XTI hYILIT) R TR, 8, 8Y
0

TFCI0EQefoAND, JUNTT,EQ, 1) NRITE(6,S503J0, XMIJI) s YHTIJ AU, TTT, 80,

1317
TF(JIINE F o AND G JUNIT EQ, 1Y WRITE(5,5S5)JJ XH(JI) o YHEII) )R, TIT, 8H,

134707

TFUYTUNT, Eg 1) TITaTI/ 000,
1FCHTILEQ, 1, OR, ITHY NEL0) GO TO B0
CONTINUE

CONTINUE

IFUITRY  EQo 0 AND INDIYV.EQel o AND, JUNIT EQ,5) HRITE(6,956)9%Y0T
TFAITHY EQ. 0, AND  INDIY ,EQe ) JAND JUNIT NE 1) RATTE(6,550) 8707
TFUITHY  NE (O AND, NPTV EQo T ANO, LTV, B0, TTHY 1, AND, T11, 20, ETy=1,AND
$oJUNTT,E0,1) WRITE{S,558) SHYOY

TFCITHY (NEL O AND  THDIY EO, § AND  ITV ED TTHVA [ AND JT1S, B0 JTVe} AND
x.auntr.ne 1} WRITE14,558) STOT

CONTINU

IF(IT“? EQ;U) o0 10 8%

CONTINUE
CONTINUE
TFLITUNT,Eg. 1)

T11eTIn1840,

8¢



¢

<

“h,

»

125

138
130

120

L)
550

Joo

ayTeut
caLy outruy

PLOTIED oUTPUTY
TFLIPLOT NE, 1)O0T0 129

IFCITHY,EQ.0) XHINeLOGIO(X(1))
IFCETHV E0,0) XHAX=ALOGIO(X (1))
TF{ITHY,NE,0) XMINeX{1)

1FCETRY ,NE,0) :M;xax(lb

Op 35 1s5el, IsMa

:rt%!uv,cu.v! X{18)3ALOGIO(X{18))
TPEx 18], LY, XINY xHINwx (18]
TFEX{I5), 0T, XHAXIXMAXNX(18)
CONTINUE

YHINST(L)

YHAX2Y(})

DO 140 ISs2,18HAY
TELYCIS), LY, YHINI YHINRY(16)
IECYCIS) O, YHAXD YHAX®Y(18)
CONTINUE :

00 {45 I19%1,!8HAY
E:l:'sgzéa;¥§sz.x.v.lsalx.z.xntu,xnxx.vH:":V"&X'I)
CONTTHUE

gorp Yoo

ERROR HESSAGEY
WRETE (b, SOMINERR

COHTINUE
ENHD

C
¢

BUBACUTINE INTERS(IINT)

COUMON/BOY/DH( Ry, L (&), BYYPE(S), TH(d), NRHDY

1/PT8/XP(85Y,YPLBS) .

/HELL/XHLIS) s YNCIS)  HTYPECES), OCONST(16) (RADI(I5), NHELLY, K
J/CEOM/RIHY (392)  KPARA(Z,2) /HEINGNOING NINT, NPARA

A/UYDR/PERM THCK g COT ) HO SY s HBAR ) BBAR PBARPALFAPALFTHT, TINY
S/THML/ZX1¢1000) YI{1000),TYPI(1800),00I7(]s)
SZINDXZ0, IR0 BN, 0y 331, JJ2 NEHES NERR, T12, TTT,NTT, T8MAX, ITUNT
T/CONT/KPROB PLoGCONYER) 1 (300, CONY, JUNTT, IVY, IR, IRK
S/OUT/TITLEC20) 40 (100),Y(100),2(100),0025011),6AMALLS), INT
GRS/ RR oYY s TXY o VAN 1YY, NLOG, LTHY  FINC TTV, TEMECES) o DVAR(1S,15)
LZTABL/ZMEI2I  HEL2Y, T (300, 15) Y (75,15) ,%(065,65,12),#F(300,15)
2/NLOS/CHLTIZ) uNCIg) , BECETIR)  0EC15,05), YTOTLIG,85), JTABLE
3/HTBL/YHO(I5,45) o YPH 15, 85), YNB(1%,85),YPB(1Y,a5), 9P (4S), SPYOT

% THI® SUBROUTINE COWTROLS THE RE'LECY]ON:PROC£SS M THE CASp OF

NTERSECTING BOUNDARIES

THOIFahBSCTR(KINT CRINT, ) )= TH(KINT(LINT,2)))
1P (THOLF \ UV, S0, JTHDIF 180, ~THDIP

NRegFIR((360,/THOIF) =1}

JJdxt

0O 10 IR ei,NR

TASTIT N RREALRE) .

ILa((lalmilanlR)/2)41

CALL REFLEC(OHIKINTLIINT, JL) )y THERENTCLINT, IL) ), CUKINTETINT, L)),
1BTYPECKINT CTINT, 1)), J00)

CONTINUE
RETURN
END

6S



[

t
So4  FORMAT(H], 'eAROR NOt,12)

¢

18
20

SUBROUTINE PARALL{IPARA,J}

COMHON/DDI/0H(8),Cea) ,BTYPE(S), TH(R),NBHDS

1/P18/XPL8SY,YP(23)

2/HELL/XHCIS] o YHI15) WTYPECIS),0CONST(13)/RADT(1S)/NNELLE WK
3/GEQH/KINT(3,2) sHPARA(2,2) tKSING,NSINOyNINT  NPARA

A/HYDR/PERH ) THEX YT oHO Y2 HOAR pSBAR, PRAR, ALFA,ALFTHT TINT
GZINRL/XTLL000Y, YR 10083, TYPI(I000),001F (15)

G/INDX/0, 1P, IW J e Jdl s JU2oNINOS  NERR, T2, YIT)NTI, ISHAX, ITUNT
J/CONTZEPROB,PI, SLONV{2),LL30) ,CONV, JUNIT, IVY, 1, 1RK
B/70UT/TITLEC20),XC100),YL100),2(1003,0(25,11) GAMA(IS),INY
Q/ANEBZX oYY p UXY  IXX, TYY, NLOGr FTHY  TINC 1TV, TENE (1) RVAR(IS,1S)
1/7TABL/ZM(I2) N1, T(300,15) V(TS 19) N{55,65,12),RF(3500,15)
2/HLOS/CHES) +NU(15), SEE(LS),SELIS,15),Y107(13,45),ITABLE
I/RTBL/YHOLIS, aS) YPNITS, 05) ) YHB (1S, a8} 1 YPB(1S,453 e YSP{45),8PTOT

#+ THIS SUBROUTINE CONTROLB THE REFLECTION PROCESY IN THE GABE OF

*

PARALLEL BOUNDARIES
00 5 IPRal,2

Jdd=
PP, EN, 0 0010 ged
IR*p

[RufR4}
IFOIRNE, 1) JII9 )
IPPeiRs1a{IPR<t}

Lo (1o (mi)ax]PP)/2)4)

CALYL REFLEC(OMINPARACIPARA,ILY), THIKPARACIPARA, ILY) CONPARA(IPARS,

TILN)WBIYPEIRPARALIPARA, LYY 30

CALCULATION OF RHIN

DO 20 {ps].NPNTY

XX#309(XP{IPI-X[CJI)D

YYaABS(YP(IP)=YIEIIY)
R*SQRYC{xTEII =xP{IP) %2, ¢ (Y1 (Jg)~YPLIP))osE,)
IF(R,CT,0,000001)6070 {8

NERRsS -

WRITE(S,500)NEAR

srapP

IF(IP,EQ,1 ) RMINSR

TF(R LY RMINIRMNSR
CONTINUE

CALL DRAWDO(RMIN,TI2.3)
IFCABS(SY, LY, CONVIGD TD S
60 10 1

CONTINUE
IF(132,E0,0) 092204

REFURN
END

SUBROUYINE REFLEC(DMM, TTH,CC,BBTYPE,J)

COMHOH/BDS/DH(E),C(8),BYYPE(R), TH (S}, NBNDS

§/PTS/XPCaSY, YP{aS)

R/WELL/XREIS) o YM(I%) yHTYPECIS), OCONSTEES) fRADI(15) 1 HHELL S, Ww
J/GEOH/KINT (39 2) o KPARA(2,2) s KALING, NSING,NINT, NPARA

B/NYDR/PERM THCK, CIT ) HO 8Y pHBAR, SEAR, PEAR,ALEA ALK TNT, TENT
S/IMNL/XT{10003,¥1(1000), TYPI(1000),0DIF(IS)

G/INDNZ0, TP IN, B0 01, JI2 NINOS, NERT, TI2, TI1,NTT, I8MAX, I TUNY
T/CONT/XpROBs P12 8CONY(2), L300, CONY, JUNIT,IVY, TN, IRX
B/70UT/TITLEL2D) /X(100), YOI00),2(100),0025, 11} GAHAL]S),THT
FIANTB/ RN oYY o TXY  TUX  TYY G HLOG ) TTHY, TINC, ETY, TIME (15),0VAR(15,15)
L7YASL/Z0 (1), RUIZY pTA300, 150, V(T8,15),0(65,565,12),4F(300,1%)
F/HLOS/ZCRIS)pHN (1) BEE(ISY ) 8ECIS, I5),YTOT (IS, n5), ITABLE
3/RTALZYROLIS,65), YPR(IS, 85), YNB (15,253, YPB(15,85), VAP (45}, 8PT0T

C +aw THIS BUBROUTINE REFLECTS A WELL ABOUT A BOUNDARY
S04 FORMAY (1M, TERROR NOY,12)

1o
c
13

20

25

L3

-

JingJeg
JF(J33,LE,1000)60T0 &
HERR®| 0
HRITE (b, 504)NERR
870P

BEPARATE CABE WHEN BOUNDARIES ARE PARALLEL TO COORDINATE AxES
DO § NAwl,n

NAMENA«|

TFCTYH, EQ, (NAHA%0))GO0 YD 1D

CONTINUE

EVYAMUATION OF COORDINATES OF I1HAGE WELL
Dreyl(JYexi{y)/Dun

GRADFSOHM®2D 4f, “

XT3 {2 0 ((DHRua2 120K LC) /GRADF Y XTI ()
YELJIIO (w2, *OHMLCCwDXIZLRADFY=vILY)

4 10 2§

B0 TD (15,20,15,20) NA
© ANO 18y DEG, CAsE
TR ERIEE T
YI{ga)R2eCCar i)

8p 10 28

90 ANO 270 DEG, CASE
x103g)adegex1(y)

Y3 =i

EVALUATION OF YyPE OF JMAGE WELL
TYPILIIYuBBYYPRRTYPI()

HIHG8xJS

RETURNM

END

0%
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c
<
4
c

%04

12

13

*

*

SUBROUTINE DRAWDO(R,T1,8)

COMMON/BOS/DH(A),C (7)o OTYPELAY, TH(T),NENDS

1/p18/7XP{a5),YR{45}

2/WELL /XM LIS ) oY (15)  MTYPELE5) 4 0CONBT(I5) (RADI(15), NNELLS, wh
S/GEDHIRINT {352, KPARA(Z, 2) (KSIND NS ING, NIHT NPARR

A/HYOR/PERMy THCK, CST e HOy BY HBAR G SOAR PRARyALFALALFINT  TINT
S/IMUL/XT1(1000),Y1(1000),TYPI(15800),001F {15}

B/INDX/D TP TN, Sy Lo JJ2/NIHOS NERR, T12, TTI, NTE, T3MHAX, ITUNY
T/CONT/KPROB,PT,SCONY(2),L(30),CONV, JUNIT, VY, 14, IRK
B/0UTZTITLEC20) o X{100),YCI00),ZC000) 0252110 eCANALISY,THY
FZANIS XN XY o TR, 1NN, TRV NLOG ) JTHY  TINC, I TV, TINE (15), UYAR (IS, 15)
SZTABLZBUIZY  NOI2),1(300,35),V(T%,13),%(bS,65,12),NF(300,15)
2/NLOS/CH(IS) WN{15) (SEE(13) ¢ SE(IS,18),YT0T(15,a5), ITABLE
I/MTBL/YHO (1S, 45, YPH(15,45), YNB (15, 4%), YPB(15,85),Y8P(45),8P101

* THIS SUBROUTINE EVALUATES DRAWDOWN AT POINT OF INTERESY
* ABSUMING CONSTANY DISCHARGE AMND FULLY PENETRATING WELLS
EXCEPT IN CASE MUMBER % OR NUHRER &
THE CONSTANY 44,783 IH THE PIRST THO CASES I3 1O CHANGE THE UNITS

FORMAT(IH], "ERROR NO *,12)

60 10 (1,2,3,3,6,6,7,8,9,8,11),%PROB
SBYEADY STAYE , CONFINED AQUIFER

:g:g: ;?;;DCONST(1H}/tz‘~P§aPzRHtrﬂCKl

$=DDYALOG(RRY«TYPT (IS}
6o 10 &

»

STEADY STATE , WATER TABLE AQUIFER

RRaRADI(IH) /R

XX2Q0, 783+0CONIT(IW)/(PL4PERN)*ALUB{RR)
IF{(HO*22wxx),67,0,.)60T0 S

NERR#{1

WRITE(L,SDUINERR

§70p

Ha8aRT (HO#+ 22, ~XX}
st(Nu-H}07V?[{JJ)
GO 10

*

UNSTEADY STATE , COMFINED AQUIFER

1FIRPROB £0 4y GO Y0 12
obagconsf(Inyatta, b7 (PERM® THCK)

ust, GI‘(R*'Bu}’CSY/(PERH!YNCK*T!)

60 10 13
DOSQLONSY(IN)#110,6,80RT(TXXMTYYmIXY»42,)

unx B?*CSI*(ny-vvaﬁz.oryv*xxh*z. 2 xTRYRXNAYY I/ (TR (T xaTyyeTuysn

sén:z:-oo-(-o ST12.AL06 1))

c

e Xy )

20

*

» =

U0 FOR EXPANSION OF EXPONENTIAL INTEGRAL
D0 10 Kal,sloo

FACY*1,

PO 34 Iwi,K

FACTRFACTa!

TERH® ({w) Jad(He1))o(Urax)/ (KaFACT)
SERJE2USERTEL4DOATERN

1F (ABS(SERIE2~BERIET) LT, CONV)IGOTO 20
BERIEI=SERIE2

CONTINUE

NERR® {2

WRITE(6,308)INERR

stoP

BERIE2«TYPI (1Y)
Go 1o &

UNSTEADY STATE , COMFINED AQUIFER ,PARTIALLY PENETRATING wELLS
TOTAL EFFECY AND EFFECT OF PERETRATION ALONE

UT'Inﬂ’l{kna!.)hC&!/(P!RMOtﬂcnaYI!
REMR/THCK

IF{KPROB,EQ, S AND, OAMALINY ,EG,0,7S) CALL
TF{KPROBIERSIAND GAHALIN) \EQ.0.50) CALL
IF{KPROBLEQ, 3, AND,GAHA(IN) LEQ.0,25) CALL
zF{KPRoB.EQ.b.&HO.GAMA(|H3.£°.o.zs) CaLl
TF{KPROB,EQ, 6 AND,GAMA{IW) ,£0,0,50) CALL INTRP2(UT,RB,1.4.95)
IFCRPRODEQ, b AND, GAMACIN) (EQ,0,75) CALL INTRP2Z{UT,RB,1+Js6)
srs:u godcoustt]H)!RﬁttYP!tJJ)/(PERH-YHCR)

[

UNSTEADY STATE , LEAKY CONFINED AQUIPER wITHOUY WATER RELEASED
FROH STORAGE IN AQUITARD

INTRPZEUT RB, 1ad01)
INTRFZ(UT,RBy 1,04R)
INTRP2{UT,RB4140.3)
INTRP2{UT,RB,1,4,8)

UToy, 87a(Rae2,)sC8T/(PERMATHERAT])
RE*R/SQAT(PERNS THCK*MBAR/PBAR)

CalL INTRP(UT, B, 1,d,7)
311!Q,s-QCONSV(!R)awutYYPl(JJ)/(PER&*YNCK}
60 TO 4

STEADY STATE , LEAKY CONFINED ABUIFER
WITH AND WITHOUT WATER RELEASED FROM STORAGE In AQUITARD

ROwR/GURT{PERHRTHCK A HBAR/PBAR)

CALL INTRPI{RE,1,10}

§r229,+qCONST (TH)aNN*TYPT(JJ)/(PERHeTHCKY
6y 10 4

UNSTEADY STATE , (FAKY CONFINED AaUIFER wITH WATER RELEASED FHOM
STORAGE IN ARDUITARGD

UTwl BYa(Ran2, YuCST/{PERMATHCKTT)
slﬂogzstﬂ'snnttssnna9ana/(a:nuovncx-csrunaAn))

UDB ant BI+(Ra*2 JoLapr (1 +SOARI/IPERHATHEK AT 03 oC8T)
RaxR/sURt(PERH»YNCK*MnAn,Peang
TIMTI=0 2T AMBARASAAR/PHAP

TIHy2aMBAR*SDAR/{Ta BaPRARY

IFCTILGELTINTLY CALL INTRP2(UDBAR,(RB,I,J,7)
TFCTILLELTINT2) CALL INTRP2(UTISY,T1,),8)

TFLTT,GE. TINTI,OR, TTLLE TINT2) GO YO 1S

CALL IHTRP2UUDBAR,RB, 1,4, 7)

19



a0
30

LERELL] .

CALL INTAP2LUT,81,1,3,8)

WH2EWR

WHERN] ¢ (WH2-WR1) o (T I=TIMTTYZLTINT2=TIHTL)
SUia,6aQC0NST (TN} MM e TYPI(JI) /(PERNATHIR)
GO TO 4

UNSTEADY STATE , WATER TABLE AQUIFER

CBaSORT{PERH&THCK/ [ALFA#8YAT £8))

RBsR/8

cALL I?TR9J(RB'!:II)

THTRALFTHY/ZALFA
0&-6.%5¢(Ra.2.).CS!«?.R&/(FERM.YHCKkYI)
Uyn0 25e (Res2 YaSyeT 8/ (PERHATRCKATL)
1FUT].LE,THT) S0 To 30

00 ab Jai,23

VIJ,X¥2v(JeK) /10000,

TFOTTLLE,THTICALL INTRP2LUA,RD, 14 4.9)
TELT1,GY, THTICALY THIRPZ{UY)RBelede9)
snxga.b-ucouattiniﬁsx«rv»!(JJ)/(PERHaYch)
RATIOSS/THCK

1FLRATIOLLE,0,1,00 (ITHV, EQ,0) B8O TO 4
NERRw{3

WRITE(S,508) NERR

sToP

RETYURH
END

SUBRQUTINE INTRPL(UT,I,X)

COMMON/BDY/DM MY, C(a)BTYPE(R), TH{#),NRNDS

1/7PT18/XP(aS), YPLq5)

2/RELLZXMUES) e YHELIS) o RTYPELIS) JOCONBTC3) S RADTCES)  NNELLS, WK
J/GEOH/KINTL392) o XPARR(2,2) o KIING) NSING, NINT)MPARA

Q/7HYDR/PERM, THCK ,CoT,HO, SY MBAR SEAR, PBAR,ALF A, ALFEINT TENY
S/IMNL/XT(1000),YI(1000), TYPICION0),QD1F(1S5)

G7INDX/0 1P IM 339 JI0 e 32, NINGE(NERR, 112, TIT, NTT, ESHAX, TTUNT
T/CONT/XKpROGyPToSCONVI2) (L {30),CONV,JUNIT,IVY,IN,IRK
B/70UT/TITLECR0)oXCL00Y, YLI0O0) ) Z(000),0(25e80) e GAHA(]S),TNT
FZANESZ AN a Y a TXY p IXX VY pNLOG JTMY  TINC ITVe TIME (15) 1 QVAR(15,15)
L/TABL/ZHEI2) NEL@) o TU30045) eV ITS15),M{65,65,12) HF(300,15)
SANLOB/ZCHUIS) yWNELS)  SEECIS),BECIS, 18),YT0T(0S,05), JTARLE
I/NTBL/ZYHDCIS, a8y, YPH(1S,05), YWB 1S,a%8),YPB 15, 85),Y3P (25}, 8PTOT

C ##¢ THIS SUBROUTINE INTERPOLATES THE VALUE OF WELL PUNCTION

C ¢

04

i
&
2
28

30

IN ONE DIMENSTONAL ARRAY 14BLES

FORMAT (1ML fERROR No 1,12)

TFQUTLLT TEeK) LOR, UT, BT, T{N(K},K}} GO TO 25
IFQUT,EQ,T{1,k)} GO TO 10

00 5 [*2,N{K)

IF {UTLEQ,T(1,K)) 60 TO 1%

TFLUT,LT, TE1,k)) 6O 10 20

ConTINUE

HNERF ({1, K)

¢ ¢ 30

LELLTES ¥ 3}

60 10 30

HHORE LT ol Ky 4 (NF (LMY =RF (Eaf e KD QUTSTCI LK) )/ CTLT oK) »T (=1 ,K})
60 10 30

HERRw (%

Ha!vlt».a/zr(t.xa.ur.ttutn).K)

NRITE(S,S04) NERR

t10p

RETURN
(£21]

[4°



SUBROUTINE INTRP2(UT,RB, 10K}

CORMON/BOS/DH{RY,CL4), BIYPE(Q), TH{R) ,NRNDS
L/PY8/XPL4%), YPLAS)

Z/RELLZXW 1S e YROIS) pHTYPELIS) (OCONSTLIS) pRADI(15)  HHELL S, ¥M
J/GEQH/KINTLS, 23, RPARAC 2, 2) 4 RIING, NSING, HINT, NPARA

§/HYDR/PERM, THEK , C8T,H0, SY, HBAR, BBAR, PAAR, ALFA ALFINT, TIMT
S/IMNL/XT(1060),¥T(1000),TYPLI(1000),0DIF(15)

S7INDX/0, 1P, IW, JJad 3o JIR NINGI, NERR, T12, V1], NTT, 1SHAX TTUNT
T/CORT/HPROB, P E,SCONY(2Y,L{D0),CONY, JUNTT, IVY, TN, IRX
B/0UT/TITLECR0Y X (100),Y(100),20100),9(25,11) GoHA(1S),THT
F/ANES/ XN Y TXY s TXX P TYY, NLOG ) JTHY, TINC, JTV ) TINE(15) ,GVAR{15,15)
TZTABL/ZHUI2Y ) NEI2) , 1(300,15), VITS15), M6, 45,120, WF(300,15)
2/HLOS/ZER{ISY pRN1S)  SEE(ISH, 3E(15,15),YTOT{15545) ¢ ITABLE
3/HTBL/YWO(15, 85, YPHNS,45), YHB (18,85), YPBL15,05), YSP (433, 8PTOT

C &%«» THIS SUBROUTINE INTERPOLATES THE vallp OF Well FUNCYION

4

*

%04

1001

1002

1o
{ot

102

163
{

100
108

108
107

IN IHO DINENSIONAL ARKAY TABLES

FORMAT (¥, 'ERADA 4O t,12)

TFCUT.LTVI12%),08 L,UT,GT V(H{K}I)K)}JGO TO 101
IFLRB, LY TU1 k) OR, RB,GT.T(N{K)sX)I)GO TO 10U
JIFLUT,Eq, YU1,X) . AnD, RB LEQ, 1{(1,K))60 7o 102
PO {001 Js2,N(K)

TF{AD. LY, Y(J,K)AHD, UT +EQs v{1,K))GO TO 103
TIF(RB,EN, TUJ, K} AND, UT LEQ, VI1,K))G0 10 104
CONTENUE

00 1002 1e2,M(K)

TF(ur,LY, V(1,K),aND, RB (EQ, T(1,X))}00 TO 105
IFLUTEg, V(I,K).ANR, RB +EQ, T(1,K})60 YO {cd
CONTIHUE

DO 10 J=32,N{K)

09 10 1#2,8{K)

IFLut, LT, V%E.K).i»ﬂ. RB LT, Y{J,K))00 TO $07
TECUTEQe YT ,X) AND, RB +80s T(J:%))5C TO 108
IF(UT LT, YOI, K),AND, A8 €T, T{J,K})6Q vOo 109
IFEUT.EQ, YII,K}AND, RR (LT, T(J,X))60 70 110
CONTINUE

NERg® 14

WaRItTE(b, S04) uEpn
WRITECH, 673001 eKIaRB, TIN{KY K}
WRUTE(Oe®/IVLE K 2 UT)VIM{KD K]

stor

GO 10 t1)
Wiusu{l, 4K}
Go 10 t11

Go 10 11t
WHAW 1) JsK)
go 1 ¢

1
L IS A PR PTG R IS P SR O LS RN LN S 2R ERNE I B VAS A T LS 2212 92 ¢)

1)

g0 10 111
Ansy {1yl ,K)
Go 10 111

Hian (ol ) el sk g (W Tl pdoKPaM(Tal, Jut Ky lRB-T{I-1,KIB/ET{JsKYaTY

131,10}

WRoW Ly et Ky {1, 0, M)W, Jel K3 (RBat =1, ) /(T EI, KImy (Imy, By

’N'H(l'J—!cK)Ql“(l,J,K).H(IyJ.l.K))q(RB.T(J-! SRV CTETeKY T (dul  K)

3]
WHEH] (R ) o (UTV (Tu], K1Y/ AV, KD=V =1, K})
80 10 111
108 KHwn(ls o)
6o 190 111 .
109 WHeHiTelad e K3a N, 3 Kb {Tal e 3K )2 UT V(T KD I/ (VT K}V {Ial,K)
1}
Gg g t1y
110 NRRH (T2 de L K LT p 3 K) B U T dm o MY J A (RBAT (aed s X3/ LT LS Ky T (4 K)
1)
111 RETURN
END

€9



C
C

(23]
*

S0k

30

SUBROUTIHE INTRPICUT,I,K)

COMMON/BD8/DHAY,CLR) BTYPECA), TH{AY ,HBNDS

L/PTR/XP(AS), YP(45)

Z/RELL/ZXMLS), YHCI8) WIYPECSS) ,QCONSTIOIS) RADILIS) , NRELLS, HW
J/GEOM/KINTCY,2) o KPARAL2,2) (KUING NSING, HINT, NPARA

G/HYDR/PERH THOK ,C8 T, HO, SY HBAR, SBAR, PBAR,, ALF A ALFIYNT, TINY
S/TuMLAXT(1008),Y1(1000),TYPI(1000),001F (15):

G7INDX/0, AP IN, I3 338 JI2 NINGS, NERR, T2, TITNT T, IONAX, L YUNY
T/CONT/KPROB,PT,SCONY(2),L{30),CONy, JUNIT, Tvy, 1N, IRK
S/0UT/TITLEC20), X (100}, Y(800),2¢100),0(23,11),GAHACISY, TNY
QIANIB/ XN Y UXY g TXX, TYY, NLOG, TTHY, TINCo 1TV TIHE{15),0VAR(15,15)
L/TADL/HEI2Y o NQE2 10300, 157 Y (TS, 18),N(65,65,12),NF(500,15)
2/HLOS/CHIIS) e MNE1S)  SEEC1S), BECIS, 15, YT0T(15,05),11ABLE
S/WTBL/YWO{ES,4%), YPN{18,485), YHB{1%,05), YPO(15,43),Y8P(as) e SPTOY

THIS SUBROUTIME INTYERPOLATES THE vALUE OF TINE FROM THE GRApPH
THE YALUE OF (R/B)

FORMAT( M, TERRDR HO 1,12)

TFLUTLLT TCl oK) 4OR,UT,GT,TINIK),K)) 00 TO 23
!F(UY‘EG Te, K)) GO To 20

0o s !ﬂlc“( )

IF(UT,Eg. T (k) GO TO 15

1F LU, Gt.vtx,u:> S0 10 S T #s
60 10
CDN!INUE
lagF!thcwr(l.x)-wr(l-l-x))*(uv~!(!-1,k))/(I(I.K)-vcl-lax)i'urti-!.
&0 10 30
ALFIWTnuF (1,x)

6o 10 3o . 11

ALFTWTuHE (1,3 1

60 10 30 12
HERR={&

¥nlye(b,508) MERR i3

WRITE (B2 /) TUH/K) 4UT, TIN(K) K) is

sY0p is

. 16

RETURN 1y

ERD

18

19

20

21

2

23

24

. 2S

SUBROUTINE OUTPUTY

COMKON/BDS/DN (), C (R} BIYPE(A), TH(E),NBNDS

§/PYE/XPLAS), YP(Q8)

Z/WELL ZXM{1S), YHEIS)  MTYPECIS) , 0CONDT(IS) ) RADT (1%), NRELLE, NN
3/GEDH/KINTC3,2), KPARALZ,2) KEING, RETHE HINT, NPARA

R/HYDR/PERM, THCR , CST, HOpSY MBAR, 8BAR, PEAR,ALFA,ALFTIHT, T1HY
S/IRML/XTLI000)  YE(1000), TYPICIDO0),Q01F (1%)

G/INDY/0, 1P TN 8 e d DY e ]I NINGS, NERR, TT2, VIXoNT T, 18HAX, TTUNT
1/CONT/KPROB, PT,8CONYVL2Y,L{30),CONY, JUNIT, 1YY, IN, 1AK
B/QUT/TITLECZ0),X(100),YC100),20100),0025,11)GANA(18),THY
GIANLSZXX e s VY o TN TYY RLOG TTHV, TINC, ITY, TIHE(LS),gvAR(15,1%5)
S/TVABLZHCIR) (NCI2), 10300, 13),V{T75,158),M(65,65,12),0F (300,15)
2/HL03/cu(153.ﬂNtxs;.scetls).setx§ lsy.vvot(:s.nst,xtne £
S/HTBL/YHOLIS,a8), YPHELS, 880 YHB(15,a8)(¥PR(15,25), 8P (45), 8P 10T

DIHENSTION TINU(2), TYPH{2),TYPBLZ)
THIS SURROUTINE PRODUCES TABULAR ODUTPUT OF PROBLEH DETAILS

DOUBLE PRECISION TYPK,TINU,TYPS

OATA TYPH/IZHDISCHARGE o I ZHRECHARGE I'4
DATA TYPB/IZHRECHARGE s 12HBARRLER /
DATA TIHUZ8H (DAYS) ,6H (MINS) /

FORMAY(1HI///7BHanssr  ,20A8/8%,20A8)

FORMET(///30X,28Has  CONVERGENCE LIMIT ® ,F5,2,8H Fy, #+/)

FORMATC///731H  ada  AGUIFER CHARACTERISTICH/8X,28H vavmnvoncnnesa
[orvwnras)

FDRMA;(lIlZX {IHPERHEABILITY (18X, F8 0,90 GPD/FT30)

FORMAT (110, 41 x, S3HOEPTH TG UNDESTORBED WATER TABLE .rs 0,34 FT)

FORHATUIHO 1), QIHTHICKNEYS OF AQUIFER ;{2%,F6,0,3H FT)

FORMAY(1HO, 13X, QINCOEFFICIENT OF STORARE ,15X,£8,3)

FORMATC//7/19H ane  BQUNDARIES /58X, | O0Hwwowmamena//fiXy SHNO, s 86X, 10
THANGLE WITH:SxsSHINTERCEPY Sxobﬂsouuolkvlt?x-1!Hx-ﬂxi3 (DEC. Y2 b%sa
ZH{FY), 8x, aHTYPE/)

ronunr:,x:x.1z.sx.ru.o.ox.sav- Flalsax,412)

FORHAT(///28H  #e  ANALYSIS OF GEOMETRY/B),20Hereevasuneccnnnenma
Jew) .

FURHAT( /711X, 20HNUHBER OF SINGLES o 4%, 115X, /711X, 2SHNUKBER OF 1
INTERBECTONS & 12,771 1%, 22ZHNUHBER OF PARALLELS = ,&x,112

FORMAT(//? xe0  REAL WELL DATAF/TX, feownmammuawnewl 77X, INp, XeAXy
18 y=AX1S  WELL!,SX, rRADIUS OF PENETRA« WELL (0SS !xpouznt-/la
2xeL(FT) (r1) TYPE  INFLUENCE(FY) TION CONSTANT? /)

FORHATCIHI///7% asa PUHPEING RATES AND WELL LOSSESH/TX, mmccewnncn
jrovanesanssanmnanat /)

ronuAv(!Ho.aox,zz,ax.rb OplX, kb, 0,5%, A12,3X,r7,0,8X,Fb,0,10%,r8,2,
110%,59,2)
roenst(lnl.zafx aae TABULATION OF DRAKDOWN AT EACH TIHME PERIOD,SX,
Ji{Heuwrnnonasnnnennnnsnuunevecnmmavnnswevrwn///10%, SIH{ POSNT OF 1
ZNYERESY ¢ X<CODRD = ,F1,0,2%,9HY«CopRD - Fa,0,2H )//7/710%, 10RTIHE
IAFTER, 11X, | {HORAwOONN lr,»x,lauvuaplnc srintd, hx, 1 iwpoint’ oF INvER
ESTY

FORHATOIH , 12X, a8, 58X aN(FT))

79



2h
21

8

29
38
53

b4
6%
b6

n

12

73

Ta

1S

1

78

19

80

L3}

82

8%

8a
8%

L1
BY
a8

FORMATCIHO, LAX,Fb,0,130,Fb,2)
FORHAT(1H1,//53H 44+ rAauLAt!oN OF DRAMDOWN &1 gxca POINT OF INTER
1EST/SX, ST Hewwmnne 3
ronﬂl!(lﬁo;lax,l&u;alnrs OF INTEREST, TX, SHDRAMDOHN/2IX,4H{FT) 16X,
1aH{FTY)

FORMAT (148, 9%, 3HND, , SX, BHX=COORDS, 3), BHY~LOORDY /Y

FORMATOIHO, 10X, T2, 3%, F8 1o SX,F8, 1, 6X,F5,2)

FORMAT( /712X, 3SHANISOTROPIC TRANSHISSIBILITIES ARE //12XsQqHTXX , 39
1% E8,3,2%, 1GPO/FY /712X, aHTYY ,34X,E8, x.zx.*apo/rr*llzzx.nxrxv 131
AXLE8, I 2%, 1GPO/FTY)

FORMAT(///7/7¢4SXe 3QH( TIME AFTER PUNPING STARTS 1 ,FA, aoiaogn)li

FORMATE/1IN  12:8%,Fq, 0,830 X F1,140X,A12)

FORMATI//712X, ISHANISOTROPIC TRANSRISSISILIVIES ARE /7124, OHTXX , 34
1,28, 5, 2%, THTSO/017712%, 8HTYY 38K, E8,3, 2%, THTSG/01 /7120, 8RTXY , 34
2 B8, 3, 2%, tHISR0Y)

FORHATL/Z7/7720 snan
{ARTESIAN AQUIFER.
20N8 }
FORMAT(//7]2H #ase
INATER TABLE ADUITER/ZAX, dTHemruunvevopnuwnre

20K8

FORHAT(//712H seen TYPE OF ANALYSIS 5 FULLY PENETRATING WELL IN
AARTESIAN AQUIFER  /8X,dTHuwewouswcwmamunwa  » NON<EGUILIBRJUN Con
ZDITIONS)
FORMAT(///BAH saes
SARTESTAN ANISOTROPIC AQUIFER
ZL1BRIUM CONDITIONS )
FORMATL/ /7T sans

§8 IN ARTESIAN AQUIFER
24 CONDITIONS )
FORHMAT(//774H #aaw TYPE OF ANALYSIS ¢ FULLY PENETRATING WELLS IN L
L1EAKY ARTESIAN AQUIFER/BYX,b8Hevovouvenmmamume - WITHOUY WATER REL
2EASED FROM 3TORAGE IN AQUITARQ/27X,2BH= NON~EGUILIARIUM CONDITIONS
3) .
FORHAT(///TqH #naa TYPE OF ANALYSLS ¢ FULLY PENETRATING WeLLS IN
VEANKY AHTESYIAN AQUIFER/BX,b8Hrosvecacvanmeawa o WITHOUT WATER REL
RQEASED FROM SYORAGE IN AQUITARD/2Tx,24H= EQUILIBRIUM CONDITIONS)
FORMAT(///770M asae YYPE OF ANALYSIS 3 FULLY PENETRATING WelLLS N
1EAKY ARTESIAN AQUIFER BK)b5Hu=wavevaman~nune « WITH WATER RELEAS
2ED FROM STORAGE IN AQUITARD/2TX,28H» NON=EQUILIBRIUK CONDITIONS)
FORMAT(//7/770H ~ena TYPE OF ANALYSS 3 FULLY PENETRATING WELLS N L
HEAKY ARTESIAN AQUIFER/BYX,b%5H-womvasumamnunwa w WITH WATER RELEAS
2EQ FROM STORAGE IN AQUITARD/27x.2aH+» EQUILIBRIUH CONDITIONS)
FORHATL///7721 sasn  YYPE OF ANALYBIS 1 FULLY PENETRATING WELL IN
IMATER TABLE AQUIFER/8X,SIHeveccvamueamun=en = NON-EQUILIBRIUN CON
201TI0NS - )

FORMATL{HY /27, bk
Jomwat, /)8y, "HELL  EFFECT
2TRA»  TOYAL',/,8Y%, THG,

-

TyrE OF lNlLYSIS t FULLY PENETRATING wELL
78X, ATHenmmrn e m e m o - EQUILIBRIUN CGNDIt]

TYPE OF ANALYSIS | FULLY PENETRATING wELL N
= EQUILIBRIUN CONDIT]

TYPE OF ANALYSIS g FULLY PENETRATING wELL IN
78X, GYHmwesuwmvucme - wNON“EQUY

TYPE OF ANALYSIS ¢ PARTIALLY PENETRATING WELL
JEX, ABHemmnmmm o wanwwmw- - MON~ERUILIBRIU

DRANDUYN COMPONENTST,/ BY, fecncnmmmenmunnne
PARTIAL PENET~ EFFECT OF PARTIAL PENE
OF wELL  RATION EFpECT gQUUNDARIES TION
SEFFECT B8Y « EFFECT!,/,1aX 'ONLY (FT) BY WELL (FT)  ONLY (FT} B8O
AUHOARIES (FT) (FTy'7)
FORMATCIHO) LIK, 22HTHICKNESS OF ADUITARD o 82X, rS0, 30 FY//12%,251pPE
IRMEABILITY OF AQUITARD ,gXsF8,0,8HGPD/SQFT)
FORMAT(1HO, 1IX, 28HCOEF, OF STORAGE OF AQUITARD,10X,EB,3)
Tnna;r(auo.axx,scaswzclr!c YIELD 28x,EB, 37712, BHALF A, My, FS. 1, 1x,
1{/oan Yy
CFORMAT(TX, MO, , 6, tTIHE 1o SXe tPURPING 1, T, tHELL LOSSES/1Xx,40.2x,
TIRAYE (oPnYY, 8y, ' LFTI1/)
- FDRMATUIHO, 10X, 12,0%,Fb6,0,8X,76,0,5%,A12,3%,F7,0,8%,Fé,0,10X,F7,2,
110X, F6,2,10%,F5,2)
FORMATUBN 12, 0% eF T, 2,5X,F o2 X eFT 2, T, FT.2,b%,F7,2)

c

LY
Y0
4.
%2
201
202
203
204
285

20¢
2071
208

209
210

102
103
104
10%
to?
108
109
110
1t
53

12

FORMAT(/1X, 1PQINT OF INTEREST NO iolall!"tcllt ORAWDOWN I8 t,F8,2
17}

FORMAT(/IX, TToMg INCREMENT NO 1, 12/9X, P YOTAL DRAMOUKN IS *,F6,2/)

FORMAT(IN I3+ 3X, 78,3, 3%, Fb,1,13%,F5,2)

FORMATISN I3 2xeF T, 0,20 eF o0 dnaMI0,FY, 00X FO, 2,5 :Fb,5,5%,F5.3)

FORR;ttlfilux,zaH*o convzac£u6g LINIT & ,F5,2,8H HY, we/)

FORHATL /12X, I SUPERREABILITY ,18X,F8,0,8H M 0)

FORMATUIHO, 11, 33HDEPTH 10 UNDISTURBED NA!!& TABLE ,Fb,0,34 HT)

FORMAT{IHO, 11X, 21HTHICKNESS OF ASUIFER ,12%,F6,0,3H H1)

FORBAT(771 ase REAL WELL oxtliffx,a...--..-......!/?ﬂotuo, KXokt ]
I8 yeAxI®  WELL'#%x,'RADIUD UF PENETAA= WELL LOSS EXPONENTI/2
2%y FHTY (HT) TYPE  INPLUENCEIMT) TION CONSTANT /)

FORMATC(IH #12Xe A8y 1pX, qHINTY)
1F0§Hl!§lﬂ0¢!d!v!BMPOINYS OF INTEREST, 7Y, 8HDRANDOWN/ 21, aH (MY}, 16X,

AH{nT}

FORMAT MY, 2774 133
fwovaly/yBX) TWELL €FFECY
2IRA«  TOTAL'Y, /,8%,1HO0,

DRAMDONN COHPONENTS! / 68X, 'wecuwwvoreocears
PARTIAL PENETw EFFECT OF PARTIAL PENE
OF ¥ELL  HATION EppECt
JEFFECT BY EFFECTY, /o, 1aX, YONLY (MT) BY WELL (HT)
AUNDARIEY (MTy  (HMT}1/)
FORMATCIMO, 11X, 22HTHICKNESS OF AOU!!A&D 12X FSeBy3H HY//12X 2SHPE
IRMEABILITY OF AQUITARD ,4X,F8,0¢384/D)
FORMAT (X, INQ, 1, 6x, I TEHE .Ex.'vunrlna'.rx.'uzLL LOSSES' /13X, AB,3X,
LYRATE (CH/ZDYY,BX, TINT)7)
FORMAT(//719H eon  BOUNDARIES /8XyjoHweewacanan//) X SHNO, s uX, 10
IHANGLE WITH,$X,; 9HINTERCEP! sx,onnouno RY/LTN, L IHX=AXTS (DEG,),bX,0
SHI{NT Y 8X, AHTYPE/)

WRITE(b,)10)(TITLECS) (Ju1419)
GO Y0 (101,102,103;100,10%,105,107,108,109,410,111) , KPROB

WRITE(S,T1)
60 10 S3
WRITE(H,T2)
%o 10 33
WRITE(6,73)
G0 10 53
WRITE(&,74)
Go 1g 53

BOUNDARIES TION
ONLY (HT) €D

€0 10 33

WRITE (6,19}
Go 10 S3
WRITE(G,B0)
G0 10 513
WRITE(S,81)
HRITESCE,12)

CONYERSION OF UNITS
1F(JUNIT,NE,$) 6O 10 §7
TXXeTXXz2,28
TYYelyy/2,28
TXY=TXY/2,28
PERMSPERH/0, 495
PRARZPBAR/O,595

HO=HO/ 3,281

G9
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5%
58

(1L
51

£ oass

3s
b1

€ ann
9

CONVsCONV/), 201

MBARSMBAR, 3,284

THEK=THCK /3, 281

D0 4 IAK®1,15
XP{IRKYeXP{1aK} /3, 281

YPUIRK)Y =YP{IRK) /3,281
XH{IRK =X {IRR)/3,28)
YH{IRKY=YH{IRK) /3,281
Y{IRK)I=Y(IRK) /3,281
SEECIAN)WSEE(IRK) /Y, 281
RA”!(!RK)-RAB!(XRK)IS 281
TFANTILEG, 1, AND, JTHV,EQ,0) X(IRN)wX(IRK)/3, 281
QCONS!(!RK)'QCBHSI(IRK)IO‘QGSGS
Do $5 [Cw1,.15

Do S§ [0wi, 4%
QVAR(IC,ID)=QvARCIC,ID)/0,18345
SE(IC, ID)=SECIC,ID) /Y, 28]
YRO(IC'IO}=YHO(3C110)/! 281
YPH(IC, ID)eYPN(IC, 10 /3,281
VHB(xc.1D}'vuﬂlx€.ln)/3.28|
YTYOT(IC,ID)aYI0T(IC,10) /3,281
DO s& Iy=1,NBHOS
CtinlaCeyB)/3,281

HRITE OQUT THE AQUIFER CHARACTERISTICS
TF{JUNIT,EQ, 1 (AND ,KPROB,EQ,A) WRITE(6,68) TXX,TYY,TXY
TFUJUNTT,NE, |, AUD KPROB EG, Q) WRITE(S,B3) TXX,TYY,TXY
IF(KPROB,ER,4) GO TO 2

IFCJUNIT, NE, 1) WRITE(b,13) PERM

IFCJUNTT,EU 1) WRITE(S,202) PERM

IF{KPROB,NE,2)60 TO |

FF(JURIT NEL 1) WRITE(by18]) HO

TFJUNTTEQG. 1) WRITE(#,203) Ho

Go 10 2

IF(QUNIT NE, 1) WRITE(6s18) THCK

TFCIUNTTLEQ,. 1) WalyEls,200) THCK

1F(KPROB,GE,3) WRITE(5,15)C8T

TECJUNTT NE | AND, KPROB,GT 6, AHD KPROB LT 11 JWRITE (6,83} HBAR, PRAR
TFCIUNT 1, EQ, ] (AND KPROS BT, 8, ,AND KFROB, LT L IWRITE (S, 2090 HBAR, PBAR
Ir(xﬂkoa.lo.ﬁyunltf(s,oa)saAn

IF(RPROPEQ, IV YWRTTE(6,85)8Y,ALFA

IF(10KD3,EQ0,9)60 TO 9

WRITE OUT BOUNDARY DATA
TFCJUNTT ¢ HE 1) HRITE(S,17)
IFCIUNTY,EQ, 1) WRETE(S, 211}

DO 3 18al,NBNDS

Jasg

IF(BIYPE(IB),EQ, 111822
1FCTH(IB),E0,0,360 1O 35
IF(TH(IR),NE, 180,360 YO 3¢

wnxyg(& 18318, tM(zB),C(xB),vaBiJa)
Go 10 %
WRTTECS,6S) I8, TiI(IBY,C{1BY, TYPRIIB)
Continue

WRITE(6,19)

WALYECG, 20)NETHG , HIHT LHPARK

WRITE QUT REAL WELL DATA
IFCJUNET NEL1) WRITECH, 212

c

42

37

N

38

j1]

50

IFCJURIT,EN, 1) HRITE(S,20%)

D0 4} THe{,HHELLS

Hway

TFARTYPE(IM) EQ, o], JKWRZ

WRITE (&, vz}!"«xH(tH).vﬁ(lﬂ).YYPu(nH),RAD!(IH),GAH&(IM).CR(!H),HN([
1H}

WRITE(S,22)

If(delr.nﬁ.l) WRITE(6,86) TIHUCTITUNT,I)
TF(JUNTT,EQ 1) WRITE(6,210)3TINUCITUNT 1)

IF (v, E0,0) Bg To ¢

DO 87 Iumi,NWELLY

DO At ITve2, 1THY+]
Hg!tEtng!!IH.!!NE(IYV);OVAH(IN'ITV),sE(IWoIIV)
60 10

DO 4% IWmi, NWELLS

WATTE(b, 910 u e 11T, nCONSY (InD,SEE(IN)

PRINTOUY « HORE THAN ONE TIME INMTERVAL OR MORE :n;n ONE POINT OF
IHTEREST
SIF(NTT.E0,1)80 TO 8

SINGLE POTINT OF INTEREBT CASE « TIME INTERVAL VARIES
WRITE(S,243xP (1), YP(1)

TFOJUNTTONE, ) HRYTECS,25) JIMUCITUNT+1)
IFQJUNTY EQ, 1) MRITE(6,200)TINUCITUNT 1)

DO S 18w1,18MAy

WRITE(L,26)X(18),Y¢€58)

60 10 &

BINGLE TIME INTERVAL CASEZ = POINT OF INTEREST VARIES
WRITE(6,27) .

$F{KPROB LY, 3 ,0R KPROB gO,8 ,OR XPROB,EG,10) GO 10 dp
wRITe (o, 8a3HTEs riductoNte]y

TFCJUNTT HE LY HRITE(S,26)

FFCJUNIT EO.!} HRITE(H, 207)

WRITE(S .!

00 7 [38wg, ISﬂ&x

MRITE(S xc);s,xrtxs}:vp(;S),V(;s)

coNtinuf

IF(MPARALNE,0)CO TO 3T

60 10 38

IF(JUNIT RE, 1) WRITE(H,11) CONY
IF(QUNTIT Eq,!) WRITE(4,208) LOMNY

DRANDONWN COHPONENTS OpPTION

IF{ITABLE NEL 1) GO 10 %0

LFCIUNTT.HE, 1) WRETE(S,82)

TF(JUNITEQ, 1) WRITE(S,208)

DO 39 1Swl,]SHAx

IFCIIHY,BQ, 0, AND, HTTEQ, 1) NRITE(6,89) J9,Y(]8)
IFCITHV EQ 0, AND NTT, BT, 1) WRITE(#,90) I8,Y(18)
1FO1THY, NEL0) NRITE(G 90) 13, Y(ID)

DO 3% IWs{,NWEL

!HR§12(6 66)1H;Yw0(!ﬂ:!3).YPN(tu PR, YNB(Ioa 18)  YPR(TH, 18),YTOT (TN,
is

RETURN
EHp
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140
1134

110
130

190

220
230

240
258

SUBROUYINE GRAPH(HEADNG , XXs YY) My YARY, XHIN, XMAX, YHIN, YHAX, HPACES)

REAL LINE,BLANKZY #/,D01/145/, /001 7,0/1017,¥/1Y1/,PLUS/ 14/
REAL ASY/tsty

Yo HEADNG(20

OINENSION VARY(10{ )
(102 exx{100),vY(100), vARTOUAS) , AXISCIOD)

!
DIMENSTON LINE(Y

WEITE(b,9) HEADNG
DYMXMN®YMAX~YHIN

YAXISULISYHIN

GO 70 (12,14),MPAGES
XSPACES5D,0

HgPaCEeS]

G0 T0 16

XSPACE=100,0

HYPACE=1 01

DO 20 K=n2,4)
YAXIS(kInyy IS (K=1)40,15DYHYXHN
1F(DYMXHN=-1000,0)480,100,100
[F{YHAX~1000,0) SO,100,100
IF{yHIN+100,0)100,100,60
TFCARSLYHINI~(1 oE=02))T0,70,88
IFCYMINY 100,80,100 .
FF(ABY{YHAN) < (1, 0Ew02))90,90, 110
1F(YHAX)100,110,100
NRITECE, 13 CYANTS(K) Ku2,11)

GO 10 {20

WRITE(b,2) (YANIS(K),Ka2,11)
DO 130 Jge1et12

LINE(J)=Byank

WRITE(S,3) LINE

KOUNTe @

IFAXHINY 180,170,170

IFEXNANY 170,170,1%0

00 160 gs10,112

LINE(J) 2B ANK

GO 10 200

00 180 J=10,110

LINELI) =001

00 190 Jajn, 110,00
LINE(Jy=PLUS

]
{

APPENDLY N
LINE{I ) mBL ANk
[SLISIRFEEL
DyHyMNEyHAY~xHIN
XA*[B(!)'XH}M
DO 210 KKsi],NAPACE, LD
g:xxstxu!lexlstxx-zo)»(to.olxsptcz)-oxnxnu
e
XINVLaDXHMXHM /8P ALE
YARxexMIN
DO TT0 L=§, HgPaCE
TF(YHIN)230,260,260
JYeCI00, 070 HYMHY CARS{YHIN] 49,8
§FLIY=110) 230,240,240
Jymg
LINECGayetdrOOT
G0 10 270

280

210
280
290
300
310
320
2
322
323
324
328
3z2e
330

330
Iso
360
380
399
400
430

420
a30

440

430
460

are

80

490
So0
510

512
518

s20

525
514

Sud
350
k114

LINE(10)aDOT

JY=9

{F(Lel) 280,330,280

TF(L=11) 290,360,290

IF{L~21) 300,390,300

IF{L~31) 310,300,310

TFIL«a)) Y20,320,320

IF(L~51) 324,340,321

G0 YO (430,322),MPA0E8

IF{L=61) 323,340,323

1F(L=-71) 324,340,324

Iri{L~-81} 325,340,325

IFCL«91) 326,340,326

1F(L=101) 430,300,430

LINE(IY s )X

G0 YU 430

LINE(JYe1)PLUS

KKs|

IF(DXMAKHe]000,0) 380,810,410

17 {xnAx~1000,0) 368,810,810

JF{xuIN+100,0) 240,810,370

IFCADS(XMIN) (1, 0Ew02)) 380,380,300

Ir(xHInNy alo, 390,410

TF(ABB{XMAN )= (| 0E=02)) H060,400,820

TF{XMAX) 810,820,410

WRITE(S, 4) xAxI8(KK}

GD 1§ 439

HRITE(L,5) XAXIS(KK)

FFOCVARXIXTUYLZ2,0)=ABB(YARK)) B80,8G0,.820
APPERDIX N

KOUNTRROUNT 41

IT (KQUNT«1) 288,490,080

00 49 J=ig,110

LINE(J)=DOT

00 470 Jwi0,110,10

LINE(J)aPLYyY

LINE(141)wBLANK

LINE(IID)= ¥

Kno

KHAx=2d

DO %30 JuiyH

TRY#XX(1)}=VARX

TIRY®TRY- {XINVL /2, 0)

TF(TTRY)A90,530,%30

IFLTTAYAXINYL) 560,510,910

60 10 $30 )

KE(YY([I)eyMIN}2100,0/0YMxHNT, 3

IF(K=111) %12,525,52%

1F(8=X1515,525,525

LINE(Ke )0

IF{XKMAY~K) S20,%30,830

KHANaR

GO 10 56

K%o

CONT JHUE .

JE(YARY(L)YHIN) 2100, 0/DYHYHNGY,S

IFCy-111) S80,560,580

f[F{a~J} 550,980,580

TFOLINE(J41)en) 570,560,570

LINE(J+1)sD

Su 1o S9¢

L9



%10

580
Sa0

00
s10
620
630
6a¢

4%0
860
a0
580

699
Tac

T1o

120
130

746
Tao
110
180
1496
800
31
az0
830
(31
860
810

880

940

LA G e

8

9

LINE(J+gyaASY

60 10 599

J=o

Jizge]

KiwKHAX t

JYixJYsl

lf(LINE(ltl)-Y} 600,720,800
16 (JY=d) 6R0,510,610
1F{JY=K) 800,630,630
TFLJ=K) 560,630,690

TP (LwKK) 680,6500600

WRITE (A, 3YILINECIIY,Jde10,07Y1)

Go 10 750
HR?Y[(ﬁpb)(LlNﬁ(JJ);JJ'lDoJY!J

APPENDIX N
60 1o 750

IF(LeKK) 670,680,870
Hﬂltilb,l)(LINKIJJ),JJl!oyK[)

60 Y0 15

WRITE(S, 6)!L!NE(JJ).JJ'!o.x|)

G0 1o 150

1F{LnKK)} 700,710,700

WRITELS, IVILINE(JIY, Jan10,032)

GO 70 150

WRITE(6,8) (LINECISY, JIm10¢112)

GO 10 750

IF(LvKK} T40,730,740
KRITEL, O) (LINE (I JU*g0,112)

GO 10 750
BRITE(H, I (LINECIY,30710,112)

Dp 760 Jx10,112

LINE(J)aBLANK

VARY®YARN$XINYL s
CONTINUE

1F (DXBXHH=1000,0) 780,870,870

TF (xMAX=1000,0) 790,870,870
IF(DYHXMH=1000,0) 800,870,870
;r(vngx-looo 0) 850 a7o &To

IF (YMING100,8) 870,870,h20
xF(Asstvan) {1,0E=02)) e:o.aro.sxc
TFOBsEYN )« 0E"02)) b?o,&?o,ano
IF (X*IN+100,0) 870,870,8%
IF(ABS(xMIN)Y =1 ,0E~02)) ero;evo.aao
lthBs(KHAXI'(l.og-oZ)) alo,870,880
WRITE(S, 7} XMIN, XHAX, YHIN: YRAX

60 1D %00

WATTE(6, 83 xMIN, xMAx, YHINs YHAY
FORMAT(/, 16X, 1PEY,2,901X,1PE9,21)
Fonunr(/.!?x.rr 3.913x,r7 33y
FORMAT(IH ,9%,10341)

FORHAT(T ', 1PED,2)

FORMATLE 1,Fq, 4}
FORHAT( ' 41,9%,10341)
FORMAT(/» 1AX, TNIN® 9, (PET2, 55X, 1XHAXW $,1PE)2,5,
17,08, "YHINT 4, 1PEL2,5,5%, L YMAXs "4 §PEL2,S)
FORMAT(/Zp LR, VNI D FL0.46,5%, 1XHAXE T,F10,b
PZrtaXy "THING 1,F 10 6esX, P YHAX: V,F g, 00
FORMAT (111,204

RE TyRH

£ND

89



VARTABLE DICTIONARY

69

Variable

Definition

AITHD
ALFA
ALFIWT
B
BBTYPE
BTYPE(T)

Cc(1)

cC’
conv
CST
CW(I)

DD

DK

DM(T)

DMM
DRAWDO (A, B, C)
FACT

GAMA(J)
GRADF

GRAPH(A,B,C
I,D,E,F,G,H,J)

H

AITHD = FLOAT(ITHD)
ALFA = 1/(delay index)
The interpolated well function

B = YPERM.THCK/(7.48 ALFA.SY)

BBTYPE = BTYPE(I)

The type of boundary

The boundary intercept on the X-axis (or Y-axis if

the boundary is parallel to the X-axis)

CC =

The convergence limit

The coefficient of storage

Well

DD

Il

DD

it

i

DD

DK

1t

The tangent of the angle between two intersecting

c(I)

loss constant

40.783 QCONST(I)/27PERM.THCK)
114.6 QCONST(I)/(PERM.THCK)
114.6 QCONST(I)/vTXX.TYY-TXY2

YI(I) + XI(I)/DMM

boundaries

DMM =

The subroutine which computes the drawdown

DM(I)

Factorial term

The percent of penetration of well in the aquifer

GRADF = DMMZ + 1

The subroutine which draws the graph

0?2 - xx
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Variable Definition

HO The depth to water table

IDELT The time increment within a cycle

INDIV The printout option of individual image well coor—
dinates and contribution to total drawdown

INTERS(I) The subroutine which controls the reflection pro-
cess in the case of intersecting boundaries

INTRP1(A,I,J) The subroutine which interpolates the value of
well function in one dimensional array tables

INTRP2(A,B,I,J,K) The subroutine which interpolates the value of
well function in two dimensional array tables

INTRP3(A,I,J) The subroutine which interpolates the time for a
given value of R/B '

IPLOT Graphical output option

ITABLE Drawdown components table option

ITHD ITHD = IFIX(THD)

ITMV The number of stages in ﬁariable pumping rate case

ITUNT The index to the time unit used

JUNIT The option for the system of units

KINT(I,J) The number of intersections

KPARA(I, D) The number of parallels

KPROB The problem type

KSING(I,J) The number of singles

M(D) The number of rows in the well function table

MBAR TheAthickness of aquitard

N(I) The number of columns in the well function table

NBNDS The number of boundaries

NCASES The number of cases to be analyzed

NERR

The error number
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Variable Definition

NIMGS The number of image wells

NINT The number of intersections

NLOG The number of time increment cycles for which
drawdown is to be evaluated

NN NN = 1or 2

NPARA The number of parallels

NPNTS The number of points of interest

NR The number of reflections required in the case of
intersecting boundaries

NSING The number of singles

NTI The option for the number of time increments

NWELLS The number of the real wells

OUTPUT The subroutine which produces tabular ocutput of
problem details

PARALL(I,J) The subroutine which controls the reflections pro-
cess In the case of parallel boundaries

PBAR The permeability of aquitara

PERM The aquifer permeability

QCONST (1) The constant well pumping rate

QDIF(I) The difference between two sequent variable pump-
ing rates

QUAR(I,T) The variable well pumping rate

R The distance between the observation point and the
well '

RADI(I) The radius of influence of the real well

RB The vertical coordinate which interpolates the
well function

REFLECT(A,B, The subroutine which reflects a well about a

C,D,I) boundary
RM RM = R/3.281
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Variable Definition

RMIN The minimum allowable distance between the obser-
vation peoint and the well

RR . RR = RADI(I)/R

3 The drawdown at the observation point

SBAR The coefficient of storage of aquitard

SE(I,J) The well loss in variable pumping rate case
SEE(I) The well loss in constant pumping rate case
SERIE] SERIE]1 = DD(-0.5772 - ALOG(U))

SERIE2 SERIE2 = SERIEl + (DD.TERM)

ST The vertical coordinate which interpolates the

well function in case number 9

SM SM = §/3.281

SMTOT SMTOT = STOT/3.281

SP The drawdown due to partial penetration effect
only

STOT The total sum of drawdown at the observation
point

SY The specific yield

T(I1,J) The value of the horizontal coordinate of the well

function table

TA The angle the boundary makes with the X-axis in
radius

TH(D) ; The angle the boundary makes with the X-axis in
degrees '

THCK The aquifer thickness

THD THD = 90 NN/THDIF

THDIF The angle between two boundaries

TI The time interval after which drawdown is required
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Variable Definition

TI12 TI2 = TI

TII TII = TI

TIME(I) The time since variable pumping rate starts

TIMT1 TIMT1 = 0.27 MBAR.SBAR/PBAR

TIMI2 TIMI2 = (.27 MBAR.SBAR/(74.8 PBAR)

TIMU(I) The double precision for time in days or minutes

TINC The time interval for each variable pumping stage

TITLE(I) The title of the analysis

TTH TTH = TH(I)

TWT TWT = ALFIWT/ALFA

TXX The XX component of the second rank symmetric
tensor of transmissibility

TXY The XY component of the second rank symmetric
tensor of transmissibility

TYPB(I) The double precision for boundary type

TYPI(I) The type of the image well

TYPW(I) The double precision for well type

TYY The YY component of the second rank symmetric
tensor of transmissibility

U U= 1.87 Rz.(ST/(PERM.THICK.TI) in case no. 3’
U= 1.97 CST TXX.YYz + TYY.XXZ ~ 2 gXY.XX;YY

TI(TXX.TYY — TXY¥") in case no. 4

UA UA = 0.27 R2.CST(?V.A8/PERM.THCK.TI)

UDBAR UDBAR = 1.87 R2 (1 + SBAR)/(3 PERM.THCK.TI)

UT UT = 1.87 R2.CST/(PERM.THCK.TI)

UY UY = 0.25 R® SY(7.48/PERM.THCK.TI)

V(1,3 The value of the vertical coordinate of the well

function table
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Variable Definition

W(I1,J,K) The value of the well function in the two dimen-—
sional array table

Wl The horizontal interpolation of the well functiom

w2 The vertical interpolation of the well function

WE(L,J) The value‘of the well function in the one dimen-
sional array table

WN(I) Exponent due to turbulent flow

WTYPE(I) The type of well

WW’ The interpolated well function

(D) The time since pumping started or the distance
from the pumped well to the observation point

XI(D) The X-coordinate of the image well

XM(I) (I) = XI(1)3.281

XMAX The maximum distance or time used

XMIN The minimum distance or time used

XP(I) The X-coordinate of the observation point

W (1) The X~coordinate of the real well

XX XX = ABS(XP(I) - XW(I))

Y(I) The accumulated drawdown

YI(I) The Y-coordinate of the image well

YM(I) YM(I) = YI(I)/3.281

YMAX The maximum accumulated drawdown

YMIX The minimum accumulated drawdown

YP(I) The Y-coordinate of the observation point

YP1(L,J) The total drawdown due to the partial penetration
effection<in the real well only

YP2(1,J) The total drawdown due to the effect of partial

pentration at the image wells
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Variable Definition

YPB(I,J) YPB(I,J) = YP2(I,J)

YPN(I,J) The partial penetration effect due to the real
well and its associated image wells

YSP(I) The accumulated drawdown due to the partial
penetration effect

YTOT(I,J) YTOT(I,J) = YTOTB(I,J)

YTOT3(1,J) The total drawdown due to the real well and its
associated image well including the partial
penetration effect

YW(I) The Y—-coordinate of the real well

YWI1(I,J) The drawdown due to the real well excluding the
partial penetration effect

YW2(1,J) The drawdown due to the image wells excluding the
partial penetration effect

YWB(T,J) YWB(I,J) - YW2(I,J)

YWO(I,J) YWO(I,J) = YWI(I,J)

YY YY = ABS(YP(I) - YW(I))

Z(1)

Z(I) = YMIN - 5
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Table

Table
Table
Notes

APPENDIX B

Tables and Notes

B~1. Description of the input data and their
formats.

B-2. Data cards used in the verified examples.

B-3. Interpretation of error codes.

on the use of input data.

76
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TableB-1. Description of the input data and their formats.

Card Col.
No. Identifier Definition No.
1 , Basic Data (Free Format)
NCASES The number of cases to be analyzed 1
JUNIT Unit option (if JUNIT = 1, 8.1. system of 3

units must be used, if JUNIT # 1, F.P.S.
system of units must be used)

ITABLE Drawdown components table option (if ITARLE=1, 5
table given)
2 Heading (Format 509) '
' TITLE The title of analysis 1-80
i 3 Control Card (Format 501)
_ NBNDS The number of boundaries (NBNDS < 4) 10-13
: NPNTS The number of points of interest (NPDNTS 21-25
< 15
NWELLS The number of real wells (NWELLS < 15) 34-38
KPROB The problem type 45-46
CONV The convergence limit of drawdown, meters 53-57
or feet
INDIV Printout option (if INDIV = 1, tabular- 50

output of individual image well coordinates
and contribution to total drawdown given),
meters or feet
IPLOT Graphical output option (if IPLOT = 1, 62
graphical output given)

4 Boundary Data, one card for each boundary (FORMAT 502) 7-13
TH{IB) The angle the boundary makes with the X-
axis in degrees measured counterclock wise
C(IB) The boundary intercept on the X-axis, or on 17-23

the Y-axis if the boundary is parallel to
the X-axis, meters or feet
BTYPE(IB) The boundary type (BTYPE(IB) = +1. for 27-29
barrier boundary, BTYPE(IB) = ~1. for
recharge boundary)

5 Point of Interest Data, one card for each point
(Format 502)
} XP(1IP) The %-coordinate of the point, meters or 7-13
feet
B YP(IP) _ The Y-coordinate of the point, meters ox 17-23
feet
6 Real Well Data, one card for each well (Format 50 )
XW(IW) The X-coordinate of the real well, meters 5-12

feet




Continued.
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TableB~1,
Card Col.
No. Identifier Definition No.
6 YW{IW) The Y-coordinate of the real well, meters 16-23
(cont) feet
WIYPE(IW) The type of well (WTYPE(IW) +1. for dis- 27-29
charging well, WIYPE(IW) = ~1. for re-
charging well)
QCONST(IW) The well pumpln% rate, not used in variable 37-42
pumping case, /day or gpm
RADI(IW) The radius of influence of the well, meters 47-53
or feet
GAMA (TW) The percent of penetration of the uell in 57~60
the aquifer
7 The Aquifer Characteristics
a For KPROB < 4 (Format 503)
PERM The aquifer permeability, m/day or gpd/ft 9-16
THCK The aquifer thickness. not used if KPROB = 2, 23-28
meters or feet
CsT The coefficient of storage of the aquifer, 33-40
not used if KPROB < 3
HO The depth to water table, used only for 45-50
KPROB = 2, meters or feet
b For KPROB = 4 (Format 559)
TXX The XX component of the second rank symmetric  9-16
tensor of transmissibility, m /day or gpd/ft
TYY The YY component of the second rank symmetric 22-29
tensor of transmissibility, m2/day or gpd/ft
XY The XY component of the second rank symmetric 35-42
tensor of transmissibility, mZ/day or gpd/ft
CST The coefficient of storage of the aquifer 48-55
c For KPROB = 5, or KPROB = 6 (Format 560)
PERM The permeability of the aquifer, meter/day 9-16
or gpd/ft2
THCK The aquifer thickness, meters or feet 23~27
CST The coefficient of storage of the aquifer 33-40
d For KPROB = 7, 8, or 10 (Format 561)
PERM The permeablllty of the aquifer, meter/day 7-14
or gpd/ft
THCK The aquifer thickness, meters or feet 23-28
CST The coefficient of storage of the aquifer 35-42
MRAR The aquitard thickness, meters or feet 49-54
PBAR The permeability of the aquitard, meter/day 60-67

or gpd/ft?
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Card Col.
No. Identifier Definition No.
7 (cont.)
e For KPROB = 9 (Format 562)
PERM The permeability of the aquifer, meter/day 7-14
or gpd/ft2
THCK The aquifer thickness, meters or feet 23~28
CsT The coefficient of storage of aquifer 35~42
MBAR The aquitard thickness, meters or feet £9-54
PRAR The permeability of the aquitard, meter/day 60-67
or gpd/ft2 .
SBAR The coefficient of storage of agquitard 73-80
f For KPROB = 11 (Format 563)
PERM The permeability of the aquifer, meter/day 7-14
or gpd/ft2
THCK The thickness of the aquifer, meters or feet 23~28
CST The coefficient of storage of aquifer 3542
sY The specific yield of the aquifer 49-56
ALFA The delay index inverse, 1l/day 64~70
8 Well loss Data (Free Format)
CW{Iw) Well loss constant for each real well -
WN(IW) Exponent due to turbulence for each real well -
9 Time Option Cases (Free Format)
NTIL NTI = 1 for one increment, NTI > 1 for more 1
than one time increment
LTUNT Time unit option (LTUNT = 1 for time in 3
minutes, LTUNT = 0 for time in days)
TI The time interval after which drawdown if 5-9
required, not used in steady state cases or
in variable pumping cases, minutes or days
NLOG The number of time increment cycles for which 11
: drawdown is to be evaluated (NLOG < 3)
IDELT Time time increment within a cycle, IDELT may 13
be set to 1, 4, or 8
ITMV The number of stages in variable pumping case 15~19
(if ITMV = 0, constant pumping case is used)
TING The time interval for each variable pumping 21-24
stage, days
10 Variable Discharge Data, not used if ITMV = 0 (Free Format)

QUAR(IW,ITV) The pumping rate for each real well at each
time increment, m3fday or gpm




Table B-2.

Data cards used in the verified examples

Case Study Example

Card Numbers Used

1 2 3 4 5 6 7 8 9 10
Example 1 No boundaries ¥ X X X X X X X X
Example 2 Single boundary ¥ X X X X X X X X
Example 3 Parallel pair of boundaries X X X X X X X X X
Example 4 A 90° intersection of two boundaries X X X X X X X X X X
Example 5 Three boundaries with two of them parallel ¥ X X X X X X X X
Example 6 Two perpendicular parallel pairs of boundaries X X X X X X X X X

08
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Table B~3. Interpretation of error codes.

ERROR

NO. MEANING

1 The limits off the following has been exceeded, NBNDS, NPNTS,
and NWELLS.

2 In variable discharge, time unit must be used in days.

3 Only one point of interest is permitted when more than one time
increment is specified (in variable or comstant discharge
cases).

4 A single boundary must be perpendicular to a pair of parallel
boundaries.

5 Two nonparallel boundaries are not permitted with a pair of
parallel boundaries.

6 The angle between two intersecting boundaries violates Ferris's
limitation.

7 Two pairs of parallel lines should be mutually perpendicular.

8 Point of interest should not be coincident with the real well.

9 The time at which drawdown is to be evaluated is zeéero.

10 The program limit of 1000 image wells has been reached.

11 The undisturbed water depth specified for the equilibrium .
water table case 1s too small and thus results in complex draw-
down values. A

12 The convergence limit has not been met in computing the draw-
down. This is a warning message.

13 The ratio of drawdown to the aquifer thickness in variable
discharge case is more than 10 percent. This results in non-
linearity of flow motion equation which should not be applied
in this case.

14 The interpolating values are not within the two-dimensional
table limitation for well functiomn.

15 The interpolating value is not within the one-dimensional table
limitation for well function.

16 The interpolating value is not within the table limitation which

defines the graph of (x/B) vs. (o twt).
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Notes on the Use of Input Data

Frequently, errors might arise due to incorrect input data. The
following notes'help in performing successful runs.

There should be at least one of the following card numbers for each
case study, 1, 2, 3, 5, 6, 7, 8, and 9. The number of cards 4, 5, and 6
are the same as the number of boundaries, points, and wells respectively.
If there are no boundaries, card number 4 must not be used.

In some cases, part of the input data must be read and they are not
going to be used like the radius of influence, percent of well penetra-
tion, comstant discharging rates in variable pumping case, etc. In case
of variable pumping rate, the pumping rates for all real wells at the
first stage should be read as zeros, because the computation is held at
the end of each time increment and not at the beginning. The second set
of pumping rate values will stand for the first time increment and so on.
The time unit in the variable pumping case should be used in days or
fraction of days only.

More than one poinf of interest is not permitted in using more than
one time increment in either constant or variable pumping rate.

If there are more than one case study, then the input data sequence

from card numbers 2 to 10 is repeated except where indicated above.
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APPENDIX C

Computer Output for Examples in Chapter IV

No boundary, wvariable pumping rate.

Example
Example
pumping
Example
Example
Example
Example

on graph of drawdown vs. time.

on drawdown component table, variable
rate,

on parallel boundaries.

on graph of drawdown vs. distance.

on rectangular aquifer, injection well.

on well spacing design.
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THE Dal1p CcAFES HSED Th THIS EXIMPLF ARE .t

7 USEP BO46A/YOUSEA
7 AUN HAJWAN
7 DATA DATH
1s140
EXAMPLES NO BOUNDARTES,VARTARLE PUMPTING RATE
NHHDSE 0 HPNTS® t NWELLS®= 4 KPRUB=1} CUNye, 0% [}

XFzing, YPxTh,

XW=000,0 Yvzyov,0 HTxsl, QL= ana, HKI=22600, GHEt, 00
XWE100,0 YHeg00, 0 wledl, uCe o0, RIzZion, GMzl, 00
XWel 00,0 Ywatop,o wlzat, QCs Snn, FAJe25n0, Gi*sl,00
XW2000 0 YWz 000, ,0 Wizs}, Qc=s00,0 RIxTSHND, GH=21,00

Pe S,0EN?  THCKz 100, CST= 3,6F«02  SYa 2,0F-03 4Lfar
0,000006,9,15,0_ 000008,1,2,0,000008,1,2%,0,0000063,1,3

2,0,5,,3,4,4,1,,

Atedh

XYY}

LR X

50,

0,00,,0,,0,,t000,,4000,,800,,5000,,2000,,4500,,1000,,8000,,%000,,5000,,1500,,

Tooen,,4000,,5509,,5000,,8000,,

7 END

R
-

N

o

FXAHPLF} NO ROUNDARIES,VARTABLE PUMPING RaTE

TYPE OF AHALYSTB t FULLY PENETRATING WELL IN wATER TABLE AQUIFER
L T e NON~EQUILTRAIUM CONDITICNS

AQUIFER CHARICTERIQTICS
PERMEABILITY
THICKNEES OF AGﬁlFE“
COEFFICIENT OF S8TORAGE
SPECTFIC YIELD
ALFA

EAL WELL DATA

S00, K/0

100, ¥t
36001
J200E=02

50,0 (1/0AY)

0. X=AX1g Y=AX]S WELL RADIUS OF PENETRA= wELL LOSS
{HT) tHT) TYPE INFLUENCE(HT) TICN CONSTANT
0, 100, DISCHARGE 2200, 1,00 00001
100, 0, DISCHARGE 2100, 1.00 200001
100, 100, DISCHARGE 2%00, 1,00 00001
0, 0, DIBCHARGE 7500, 1,00 200004

EXPONENT

1.150
1.200
1.25¢0
1,300

%8



aes PUMPING RATER AND wEL{{ LOSSFS

D e TR L L

NG, TitE PUMPING WELL LOSSFS
tHhavs) RATE {CMsD) (1)
1 1,00 1008,8 0,00
1 2.00 2000,0 0,00
1 3,00 3600,0 o, 00
A 7,00 N0, 0 9,00
2 1,00 BONH, D 0,08
2 2.00 as6a,0 0,01
2 1,80  SD00,0 0,01
2 §,00 5500,90 .01
- 1,00 8000 9,00
3 2,00 1080,0 6,50
L 3,08 500,80 0,00
3 4,00 5000,0 0,01
a 1.00  S000,0 Coe,01
@ 2,00 4000,0 0,02
a 3,00 7008, 0 e,02
& a,nh aone,o 0,03

tas TEARULAYION oF DRAWDOWRN AT EACH TIME PERICD

L L e e T e ]

( POINY OF THYIEREST ¢ X~COORD » 100, y-ChOPD = 10,

TINE AFVFP
PUNPIHGE $TANTS

DRARDONN AT
POLNY DOF INTEREST

(02vy5) myy
1, g0
2. 1,00
. 1.26
4, 2,00

w4 CONVERRENCE LIMIY 2 0,05 KT, e

El

THF DATA raPpS USED IN THIS EXAPFLE ARF ¢

7 USER RRdeud/vedisFa
7 PUN NAJHAN

T DATA DatH

40,0

EXAMPLE UN GiRAPH OF

NBLDSE | NPNTSY

THen, £Besn,

XFra, YPe94,
XWESDO, 0 YHxt00,0

Pe 3,0F03  THEKS
0,000005,4,75
ZrlrSertat ot

7 FHD

REANDOSH V8, VTIHE

1 NRELLSY {1 xpangx 7 COMy= 08 nt
Blest,
Winet, aeesan,a RIx1Sea,  GHal,ae

100, G8t= §,.nE-ny Hie 150, Pis 1, nE02

g8



FXAMPLE 0N GRAPH NF DRAKDOWN VS,

TIRE

(Y TR}
aanr TYEF OF AHALYSIS 1 FULLY PFHETRATING NELLS IN LEAKY ARTESIAN AQUIFER
P P = WITHOUT WAYER RELEASED FROM BTORAGE TN AQUITARD
~ NON-EQUILIBRTUN CONRIYICNY
aae AGULFEY FHARACTFRISTICS
PeeUCABILITY Lopa, GPO/FISH
THICHNF 83 OF AQUIFER tan, F7Y
COFFFICIENT OF STORAGE L0000
THICKHESS UF ARUITARD 150, FY
PEPugantLITY OF AQUITARD 1a0,5F0/78GF T
X% AGUNDARIES
nn, ANGLE WITH IMTERCEPT BOUKDARY
y«ixt5 {DFR,} {F1Y TYPE
1 n, 1] Sa,0 BARRIER
Xy AMALYSTS 0F GEOMETRY
HUHRER OF SINGLES = 1
HNGER OF TNTERGECTANS & 0
MUNBED OF PAHALLELS a 3
add REAL WELL DATA
WU, X~A¥IS VYeAXIS§  WFLL RADIUS OF PENETRA~ wELL LOSS EXPONINT
{s1) (F1y TYPE INFLUENCE(FTY  Ticw CORBTARY
] snn 100, DISCHARGE 1500, 1,00 Lecang 1,750

tes PUNPING RLTES AKD WFLL LUOSSES

A e

KN, TIME
haysy
4 90,00

PUMPING

“sa TARULATION OF DRAWDNWN ATV EACH YIME PERIGD

T W U 0

{ POINT OF INTERFST ¢

TIME Ap1ER
PUHPING 84TARTS
(03v9)
te
2,
3.
a,
S.
fa

1.

X=LO0RD =

DRAKDOWN AY
POINY OF [NTEREST
(F1}

WELL LOSSES
RATF (GPH} 1F1}
San,0 0,28

0,

Y«COOAD =

98,

98



[

fo=dnlv9g®a
outIrengety

TR YLIA
R ET S

to=3e0ini'e  aninA
‘g Enisx

+2us6" |

LR R S

..

tREQSY ]
.

+0085°%y

L

. - . 3
TSR g e e R e R e PR AR R e AL TS L AL R

ii9*n

159%0

vEe'o

g6%°0

218%0

985y

[133¢]

[

EETRS

198 e wnp'e

TEA mnOUMYH 30 WdYeS Na

RN &)



CUNTRINUTTONS YO TOQYAL QRAHDOWN AT POIHT OF INTEREST No 1
DY REAL WELL NO f AND 173 ASSOCIATED IMAGE wELL SYSTEW
®1TH A DUYSCHARGE OF 6000,080 CM/D

THE DATA CARDE USFD [h THTS EXAHPLF ARF 1

7 USER RO4Z6dsYOUSEA O 1ypf X COORD Y €0GAD RADIUS  TVIPE DRARBONN  CUMULATIVE

DRARDORH
7 RUN NAJWAN MY Ht L34 HING w1 H1
1 BATA BAgH H HEAL ua.n‘ 58,0 2.0 999940 1.243 1,243
tot,n 2 lusgr 48,0 {o,n 40,0 9999,00 0,278 1,521
EXANFLFY PARALLEL GOUNDARIES, S.1,8v3TEM OF UNTIS, TIRE IN HINUTFS 3 Inscr 8,0 130.8 to.0 q°°°‘°? 0. 124 1628
NBNDSZ 2 NMEeNTSE t MWELLS3 1 KPROBE 9 CONVE, 0} t oo 2 nage 8,0 “10.0 120,0  9999,00 8,059 1,703
Thzao, €Br30.00 BYrii. S IMAGE 48,0 2t10,0 160,0 9999,00 0,029 1,732
Thaoo, (Ba70.0  BYsel, & IMAGE aa,0 §0.0 46,8 9999,00 0,218 2. 0t0
wiso, — T IMagGE an .0 -30,0 80,0 9999,.80 0,124 2,130
yweag, YWe50.0 e BCwSE0.n  RI=1500. GHal,00 8 1hAGP 48,0 170,80 20,0 9999,00 6,059 2,192
Fe 1.0£07  THCKe 1Ra,  CSTs 2.3E-n8 M Sa.  PSs {.0E03 8'e |,0E.04 9 IMAGE 48,0 ~110,8 16,0 9999,40 0,029 2,222
8.00001,1.75 TOTAL CONTRIBUTION 2,222

1.4,9999,,0,0,0,1,,

T END

88



(R L] FYAMBIF Y PAPALLFL HOUNDBRTIFS, 8,1, SvSTEF 0f uUNITS, TIME IN HINUTES

esak TYPE OF ANALYSIS 1 FULLY PENETRATING WELLS In LEBRY ARTESIAN AQUIFER
o WITH WATFR QELFARER FROUF STURAGE IN AQUITARD
» NON-EQUTLIBRIGH CONOTTIONY

T T e T

e AGUIFIR rHARAM IFRTISTIINS

D R LA LR L T 2

PFERNEABTILIYY 1000, W0
THECK LSS OF AGUIFER fun, mt
COEFFICTENT 4F SYOHAGE 216F-02
THECKNESS DF AQUETIRD 49, w1
PERHEABTLIIY OF AQUIYARD 1000, 140
CoFf, 08 SIGRAGE OF AgUiTakp JIO0Feny
o4 BOUNIIARTLS
no, AnpLEe WiTH THIFRCEpT BOULD ARY
x=3%1S {DFG,) tH1} 1¥PE
[ ¢, . Y= mn.8 BARALILA
2 e, Yu 76,0 BARRIER
Y] ANAL ¥STS 0f GFORETPY
[ -
KUMBE R NF SINGLES 3 “
MURBER OF THIRRSICTIONS 2 O
NURBER OF PARALFLY = 1
ass PEAL WELS NATA
MY, xvA¥[8  vedxl$ wFLL WARIUS UF  prrbiRs-  kFLL LOSS  FxpOMEL!
(13 M1y 1YPE TRELUEHCE(TY T h CORSTANT
1 He, 549, DISCHABLE 1560, $,08 LEB00Y 1,750

ade  PUMPING RATFS AND wiil LOUSSFS

R L T T L LT

Ho, [ 2R3 PUMPING WELL LOSSFS
{HINS) RATE (CHsD) 13
1 9999 ,00 6000, 0 ) 6,38

ser TAHULATION of DRAWDORN AT EACH POIND OF INTEREST

. 2 S T O

t TIHF AFYER PUMPING STARIS ¢t 9905,00 (MIN§Y )

ENIMYS OF INTEREST ORANDDWR
103 )
NI, Y«(CUOHRNS y-COOUnS
1 50,0 50,9 2,22

4 CONVERGENCF LINIT = 0,05 MT,

68



adk
THE 0214 (aIHR NSED T THES FXAUPLE ABFE ¢
taad
T UKER PRAP B YULERA
T RUN HAIwAY ven
T RATA DaIn
1,4
EXAUPLE ) BiAnpanh (DRPONENTE TANE, VARIABLKE PUMRING RATE
NRHDS = P oHeNTS: P ONNELLSe ¢ KPH{E= 5 COMYx, 0% gy
THea, LB 0,8 8Tas1,
tH=9o L8 g0 Bixst, P
“Pe> po ¥P:2.00
Xwm S 80 ¥ g 00 Wizat, QL= S6¢, RIe2G00, GHxo, 2%
Xna2s,ap YWsg5 00 Wigel, Ce S00, BY¥s2app, GMao 7S
XkE S, R9 thesg, 00 Wizmaf, OCs 56, RHI1500, GHeO S
Xu225, 00 vz 5,08 Wizst, QC= Sa0, FArelSng, gGM=e.5
PrPHe  5,aED3 THER=3BT, £$51= a,.nk-02
0,00081,1,56,0,00001,1,75,0, 000005, ,6,0,00001,1,85 o
2a0,% %0ttt
Ooo®, el 9, %006, , (00, THN,  BOG,, 750, ,R08,,1000,,308,,1000,,1000,,(508,,0,,
1 fnn
kA

FRAMPLY

CRAWDORN CORPOHENT Yapll,

VARIABLE PUMPING RATE

YYPE F SHALYSIS ¢ PARTIALLY PERETHAYING wELLS IN ANTESIAN SQUIFFR

-

ANHTFER CHARACTERISTIICS

B L L LT P

= NON-EGUELIRRTUR COMDTTICNS

PERPEERILITY sn0, »sp
THICYHESS DF AQUIFER 38y, vt
CAFFRICIENT 0F STORARE LANTE a0y
POUNDARIFS
P .
LIt ANGLE WITH HIERLEPY HOUNDARY
X~8x18 ¢DEG,) (L8] type
i v, e [ ] BARRIER
2 LT ¥e 0,0 BARRIEG
ANSLYSIS OF GFOMETRY
HUMEFE 0F STHGLTS a
HUMBF L GF INTEPSECTIUNG a )
MUMRER OF PARALLILS » 4
He sy WELL DATS
Mll, KvB¥YS  ¥eAX1§  WFLL PANIUS OF PEMEIRA= wELL LOSS
teely . M1y TYHE INELUERCE (M1} Ticn CRRSTANTY
1 5. 5, NISCHAKGY 2500, 0.25 Lona0)
2 25, 5. DISCHANGE 200, 0,75 L0001
¢ S, 25, DISpraege 1500, 6,50 00000
" 2%, Se DISCHARGE 3500, He50 SO0

EXPONERTY

1.5660
1,750
1800
I.85¢0

06



444 PHBUPTING RATES AMD WLIL LOSSES . wes  DREwDOWN CONPONENTS
e 8 e nmn e,

. YELL  EfFect PARTIAL PEREY- EFFECY OF PARTYAL PENFIRA-  TOTSL

HO, TIME PUNP ING HELL LOSSES MO, oF wi{L HAYEON EFFECT  AOUNDARIFS TICN ESFECT pY ' EFFELY

(Davs) RATE (CH/DY tvr)y ORLY (MT) BY WELL (MTY  .ONLY tHT)  BOUNBARIES (HT) (H1)

[ t.00 500,0 0,00

] 2.00 150, 0,00 TIME TNCRLBENT N0 o

1 3,00 toea,0 0,01 TOTAL PRAWDOWH 18 1,18

2 1,08 hoo,0 0,01

2 2.00 800,0 0,01 t ¢.08 0,83 0,19 1,04 0,71

2 3,490 1004a,0 0,02 2 0,05 0,01 0,16 n,00 0.20

3 1,08 66,0 8,08 3 0,06 0,04 0,19 8,32 . 0,39

3 2,08 to00,0 a0t 4 a,0? 4,08 6,27 0,37 8,0

3 1,08 1500,0 0,01

4 t,qu doo,0 a,02 TIHE INCREVENT np 2

4 2,00 5000 6,01 TOYAL DRIWDOWH 1§ 234

4 .00 0,0 n,00
H 0,32 8,51 0,09 a.52 .09
2 0,28 0,03 0,05 0,02 6,42
3 0,33 8,15 0.n8 0,14 0,65
4 0,81 o,%u 0, 0R g, 10 2,33

TIHE INCPREMENT no 3
TOTAL DRAWOUWN 1§ 2,687

1 a,4n 0,73 - 0,09 0,52 1.u6
: 2 8,33 q.0a 8,05 0,02 a,48%
sak TADULATION OF DRAVDOWN AT EACH TIME PERIOD 3 0,49 4,22 9,14 6,22 0.92
v nm———— i mavevasuama v ———— 1 0,19 0,07 “0,14 -0,2% 0,08
€ RGINY OF INTEREST 1 Xe(OO0HD = 2. Y¥=COCRD = 2.}
T Af 1F R DRAVDORN AT
rarestat 41418 FUINT OF INTEREST
thaysy {1y
1. .78
2. 2,34
x, 2,87

16



THE DATA CARDS USED TH THIS EXAMPLE

ARE ¢

LY EE]
7 USER 80a264/YOUSRA
T RUN NAJUAN
L XX
? OATA DAIH
t,5,0
EXANPLE] THREE DERPENDICULAR BOUMOARIES , GRAPH DF DRANDOWM V&, DISTANCE ar
HBNDSe 3 NPNTSs 15 NWELLSs  { KPRO$= & COHv=,05 0 i
THneY, CB=1%, LIETEIN
TH290, B8, IETRIN
Tixo8,  C§e0,000 BTz-1,
Xveo0, YP=4O,
¥Pz0, ¥P=20,
xCap, Ypeio,
Xp=o, {p=to, e
xP=0, YP=850,
Xxp=o, Ypst0,
Xt =0, YPst0,
¥p=n., YPaao,
XPxo. YP=90,
P20, ¥Peto0,
Xrxp, YP=200. e
XPeo, ¥P= 300,
xPro, YPza00,
Xpeo, YPa§00,
XPun, ypP=gon,
XW=008, 0 Ydr 5.6 HY=#f, RC=2fon. Rt=2000, GHz1_ o0 -

TRY,704E40% TYYE.S21E+05 TXY=.599E403 €57=,360E~02

0,000006,1,7%

1,0,8,,3,1,0,1,,

! £ND

EXAnRLE g THRFF PESPFNOICHLAR BOUNDARIFR , GRAPK UF DRAWDOWH VS, DISTANCE

TYPF OF ANALYSES 1 FPULLY PEHETFATING wELL Ik ARTESIAN ANISOYRAOPIC AQUIFEW
~HON=F QUILTHRILUY €NNDTIVIORS

> -

AQUIFFY CHARACTFRISIICS

B R i b L

ANTSOTRAPLIL TRANSHIGSIRTLITIEY ARF

1534

YIH0F 408 IS0
1Yy LHEZIEGDS PISG/D
Txy L599F 03 M18q/D
COFFFICIENT OF BTORAGF J380EwN2
ROUNDARTF S
WO,  ANGLE WITH 1HTERCERY BOUKDARY
¥-AXIS tDFG,Y fHY) TYFE
A q0, xa 13,0 BAURIER
2 9n, ¥e ' atg,0 BARRIER
3 n, Y= n,0 KECHARGE
AiAtYaY8 br HEOKFIRY
BUNRER DF STUGLES = t
Hilppke OF THIFNRFCIONS = 0
“nusnre 0F PARSLEFLS = 1
LY AL WEIL nAfa
W, ¥~aX]8 Y-3x1a wELL AAGIUS OF pFEKETRAe wELL LOSS EXPONENT
tr) tuty 1YPE IBELUENCE {MT)  TTCN LONSTANT
t 0, M. NISCHAHGE pang, 1.00 0004 1,750

z6



Ak PUBPING HATES ANG wELL LD3SRFS EYANPLE § JWAFE cTRPEHD I ULAP ROUNDARIES , GRAPH OF LRAWDORN vs, DISTapce

. T ] 2

0,207 L F1 0,235 n, 289 0,762 0,274 90 o
Ne, 110t PUNP ENG WELL L0SSES * * - 2 0.2 030 0,318
102Y$) NATE (68/D) 1) ..........'.........0.........~.........0.........*.........o.......:.*.........¢.......,.0.....3
1 5,00  2700,0 0,00 :
.
A4s TAQULATTOR OF NRAMDOWN AT EACH POINT OF INTERESY . °
o 18 o B 2 .
.
1,972
. . 0
{ TIHE AFTER FUMPING STRRTS ¢ 5,00 (Diy§) ) «
.
. .
POINTS OF INTEHEST DRARDONN : 0
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a 0,0 eo,0 0,25 :
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1 HUH niddwan
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Tefen

EXAMPLE S FIHIR RDUHDARIFS,

HBUNS=- 4 NPHTISx
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Xaihy, 0 Ywz{ao,n

yPz200, -

1 NuELLSSE
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ARF ¢
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o
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IMAGE
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s24,3
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Thi,6
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24,3
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S83.1
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1IKE
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EGury
EQuy¥
EQuIK
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EQusy
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EQuyy
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EQysy
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EQuUrY
ERUIY
£QyIr
EGUIF
FQurv
[ 3+t 4
EQUIY
FuLIv

LALIEE 1 g

1 anD 118 ASS0CIATED IFAGE RELL SYSTER
500,00 Cu/p
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MY
- D%}
LN 7.Y
=0,080
~8,0%2
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-0,032
0,058
-0,038
-0,05¢4
“,006
-0,034
-, 038
-1,038
-0,034
=-0,031
-0,0%8
-0,018
-, 058
wy N84
-n,0%1
1,008
0,034

-n,0u48

CUHULATIVE
DRASDORN
MY
-0,091
«8,157
*0,197
-f,230
“0,29%
R TTY
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0,435
-0,473
-0,%29
-8,515
0,608
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-0,682
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-0,8%4
«0,94%
-0,974
1,018
~1,052
=-1,098
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LA L 4
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32 inabe =tan, 4 ton,0 $16,2 Fuipy “,000 ~1,a32
18 IeAGs Tao .0 1an,n 09,9 Fleg v -0,051 =1 AR
48 IMAGY ~Fan,n ton,5 905 .9 EOt Y -, 032 “1,51%

1nTAL CONTRIRUTTON ~§.51%

EXANPLE ) FOUR ROUMDARIESG, INJECTION WELL

TYPE OF ANALYSTS § FULLY PEREYRATING WELL IR ARIES1AN AGUEFER
- EUHILIBRRIUN CONDTTIONS

LR TP e L LY

AGUIFER CHARACTERISTICS

B R P ke eldadd

FENMEABILYYY %8, M/
THILRNESRS OF AQUIFER g0, WY
BOURNATIES
8O, ANGLE WITH INTERCEPY POUKDARY
¥=&x1§ tDEG,? (H1y tyee

1 0. ¥e 300,90 BAPRIER
2 0, ¥ 0,0 BARHIER
3 20, X1 04,0 HERNELH
u 9qa, Xw [ HAuplee

e AMSLYSES Of GEAnFIRY
NypsREe tif SIHGLES a [
HUMBER OF INTERSECTONS v 0
NUKBESN OF PARALLELS = 2

kod  HEAL WELL DATA

>

Ntl, X<AXIS veAX18  wFLL rANIYS OF  pERETRES  wELL (NYS
(L33 (1) 1YPE THELUENCEIRTY N1CN CONSTANT
1 1o, 190, RECHARGE 2500, 1,00 L0D009

448 PUMPING RATFS AND WFLL LOSSES

0

NGy, TIHE PUMPING WELL LOSSES
(hav8} RATE (CH/D) (MY}
t 18,80 San,0 0,01

#és TARULATION OF DRAWDONH AT EACH POINT OF INTERESY

N T e o O A

Foihyy OF INTEREST DRAWDONN
"1 M1y
O, X~LO0RDS Y~(O0RDS
i 00,0 200,08 =1.51
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THE DBATA raEDS NSFD 14 IMES EXAMPLE AWE

T USER Blu2ned/ynnsgta

T RUN MAJNaN

? DATS bagn

1,0,0
ExanpLey WiLL SPACTHG DESIGN
NUNNS e

t WEHTS: 1 wiLlSv T KPHOGe 3 (ONv=z 6F [
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-
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R L R T
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xdyis (DEG,) (F1) TYpf
1 Q4. fx 15¢00,0 BARKIER
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e ma e
NUMGBER UF SINGLES = t
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