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ABSTRACT

The objective of this thesis was to develop an efficient user-friendly
computer program that would determine optimum scenarios to dewater
complex excavations or to control and capture contaminant plume migration
by manipulating groundwater elevations. The computer model presented
here utilizes a finite difference approximation of the groundwater flow
continuity equation in an aquifer to predict water table elevations and the
Todd (1980) equation to calculate velocity dependent capture zones for
pumping wells. Most groundwater flow models that presently may be used
for dewatering or contamninant plume control applications calculate the
potentiometric head or velocity flow paths in an aquifer system as a result of
the placement of manually selected pumping wells within a
hydrogeologically variable environment. Utilization of the existing models
for dewatering or plume control applications would require many simulation
iterations accompanied by hand calculations to arrive at the best arrangement
of wells. The model presented in this thesis goes one step further by having
a series of wells, with variable pumping rates, advance through designated
areas of a finite difference grid system discretizing the aquifer. Wells advance
through the grid to new nodal configurations and an optimum well
configuration solution is found when prescribed conditions are fulfilled. In a

dewatering simulation, these conditions are in the form of predesignated
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control point potentiometric surface elevations that must be matched. In a
plume management scenario, the conditions are fulfilled when a given
capture well configuration maximizes the coverage of the contaminant
plume. In addition to utilizing pumping and recharge wells to manipulate
groundwater elevations, the model is able to simulate recharging ditches,
collection ditches, induced infiltration from surface streams and ponds, as
well as areas of no flow due to complex geology or foundation structures.

The computer model has been written in Turbo Pascal Version 5.0, and
is able to run on an IBM-XT, AT, and 386 personal computer or equivalent
clone. It is recommended thaF the computer system have 2 megabyte s of
RAM memory and a math co-processor. While input data preparation time
is nominal, dewatering simulation times can take over an hour depending
upon the computer system speed and the complexity of the problem. Plume
simulation times are usually less than 15 minutes.

The program has been shown to operate with less than 5% error in
calculating the groundwater potentiometric surface elevations. The model is
applied to two field case studies involving a dewatering and plume capture
application. The results of the case study applications indicate that this model
is an effective planning tool for the pre-design stages of field work which

could save the practicing groundwater engineer valuable time.
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1.0 INTRODUCTION

During the last decade, water resource research has become almost
synonymous with computer modelling (Plate and Duckstein, 1988). The
sophistication of groundwater models has increased to such an extent that
their development is inhibited only because of our incomprehension of the
many flow and transport mechanisms. Groundwater modelers have long
since surpassed the difficulties associated with modelling flow in spatially
complex geologic conditions as well as quantifying the contaminant transport
mechanisms of dispersion, diffusion, and chemical retardation ( sorption,
precipitation, radioactive decay, and ion exchange). Some of the most
complex algorithms currently being developed are used to model the
transport and fate of non-point source organic compounds associated with
episodes of groundwater contamination by agricultural pesticides.

This direction of modelling will be useful to researchers since it will
enable them to develop a better understanding of the processes involved in
contaminant transport. Attempts to characterize the observed temporal
changes in dispersion for a particular contaminant species by complex
algorithms may be useful in explaining the flow and transport mechanisms
which may have created the field conditions (Kinzelbach et al., 1588).
However, the practicality of these models to a practicing groundwater
specialist is questionable since there is a need for validation of the
contaminant parameters through large scale field experiments (Woolhiser et
al., 1989).

Complex computer models often are limited in scope and are
impractical to consulting engineers, who have to balance the benefits of the

program as a prediction tool with the projects budget constraints. In practice,
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many disadvantages that exist when trying to utilize complex computer

programs are:

) In the development of algorithms to successfully match field
scenarios, the physical and geochemical parameters governing contaminant
migration are poorly understood, and may be used to best advantage in
sensitivity analysis in which the uncertain parameters are varied (Frind et al.,
1987). The tendency to oversimplify the mechanisms of contaminant
transport and flow through the application of 'black box' equations, inhibits
our understanding of the processes taking place. This oversimplification also
reduces the dynamics of the model to apply to varying field scenarios.

ii) Complex models require empirical parameters which have no
physical basis and have to be determined through experimentation. These
parameters tend to have unknown probability distribution functions
(Kinzelbach et al., 1988).

iii) Complex models require a very complete and thorough data base
(Plate and Duckstein, 1988).

iv) The greatest disadvantage of complex field models are their limited
applications (Plate and Duckstein, 1988).

v) Preparation of input data for numerical codes can take a long time.
Even if one wishes to solve a simple problem which is managable with
analytical or semi-analytical methods, far greater time is needed to prepare
the input data for a numerical code (Javandel et al., 1984).

1.1 Objectives and Scope

Computer models utilized by practicing groundwater specialists are
generally used as pre-design or planning tools. The models should provide
several optimum scenarios from which the groundwater specialist can choose
the best solution, The main objectives of this thesis are:

i) To develop a practical computer software package that will aid the
hydrogeological field practitioner in the pre-design stages of planning a

dewatering operation for complex excavations or designing a management



system to capture or prohibit contaminant plume migration in a groundwater
flow system.

ii) To design a computer program which can be applied to a wide
variety of field studies and conditions and achieve its solution through the
application of basic principles of groundwater flow.

iii) To produce a user-friendly computer software package that
addresses the shortcomings noted in Chapter 1.0 of some existing models,
through several means: a minimal data base requirement; the development
of a user-friendly graphic menu system; the implementation of a
spreadsheet procedure to reduce data management time and facilitate
incorporation of digitized ASCII formatted map information; and designing
the program to have the ability to create ASCII formatted output files that can
be easily contoured by the many software contouring packages in existence.

The program presented in this thesis was designed to produce a
solution based upon basic equations of flow to enable the model to be
universally applicable to most field problems. Therefore, some field
conditions may exist which are best described by more complex algorithms of

fluid flow and may only be approximated by this model.



12  Thesis Organization

The thesis is organized into eight chapters and eight appendices. The
contents of these chapters and appendices are as follows:

. Chapter 1 is an introductory chapter that presents the need for
this type of model and outlines the objectives and scope of this thesis

. Chapter 2 describes how this computer simulation enables the
user to plan a dewatering system.

. Chapter 3 describes how this computer simulation enables the
user to effectively develop a capture and remediation plan for the clean up of
contaminated groundwater.

) Chapter 4 provides details on the mathematical background
upon which this computer model is based.

. Chapter 5 contains a screen by screen description of the model
design and outlines the types of data input requirements.

. Chapter 6 presents three case studies to which this model has
been applied and presents the simulations results.

. Chapter 7 discusses the results of the model's applications to the
three field studies and comments upon the model's efficiency and usefulness.

. Chapter 8 provides concluding remarks and recommendations
for further study.

. Appendix A presents a copy of the computer model's printout.

. Appendix B contains the computer outputs from the finite
difference program comparisons discussed in Chapter 6.1.

. Appendix C is a background summary of the dewatering case
study discussed in Chapter 6.2.



. Appendix D summarizes the program's input for the dewatering
case study.

o Appendix E contains the program’s solution summary output
for the dewatering case study.

. Appendix F is a background summary of the contaminant
plume case study discussed in Section 6.3.

. Appendix G summarizes the program's input for the
contaminant plume case study.

. Appendix H is the program’s solution summary output for the

contaminant plume case study.



20 DEWATERING

The design of a well system to lower the groundwater potentiometric
surface for construction or development purposes becomes complex when
considering the wide variety of stresses upon an aquifer system and the
number of controlling water table elevations that may exist. The existence of
hydrodynamic stresses such as leaky artesian conditions, induced infiltration
from surface water bodies, barriers to flow, and aquifer recharge all affect how
an aquifer will respond to a pumping well field (Driscoll, 1986). In addition, a
number of controlling water table elevations may need to be maintained such
as: the maximum allowable water table elevations within an excavation; the
minimum allowable water table elevation within the pumping well that
must be maintained so as not to burn out the pump, or a minimum water
table elevation that may need to be maintained by aquifer recharge so that a
nearby water supply or surface siream is not dewatered.

Presently, to design a dewatering study using existing computer
models, the practicing groundwater specialist must iteratively run the
groundwater model to calculate the groundwater’s potentiometric surface for
numerous manually selected well locations and pumping rates (Driscol,
1986). The model presented in this thesis takes this process one step further
and advances wells through a grid discretizing the aquifer and automatically
determines the well configuration that maintains user specified control
elevations around the site.

This computer simulation utilizes a modified finite difference
approximation of the two dimensional equation of aquifer flow (described in
detail in Section 4.1) which can incorporate all of the previously noted

complexities that may exist within an aquifer and determines the optimum
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pumping and recharge well configurations that may exist to maintain
prescribed control point water table elevations. The user first characterizes
the hydrogeology of the aquifer system, as described in detail in Chapter 5.0,
and attaches aquifer characterizing hydrogeological parameters to the nodes of
a finite difference grid that discretizes the aquifer system. Pumping wells and
recharge wells are specified in addition to a grid bounded search area for each
well.

Upon commencement of the simulation, the wells automatically
progress through the finite difference grid within their specified grid bounded
search areas, in such a manner, so that all possible well configurations have
been utilized. For each well configuration, a new water table head map is
produced and the desired control elevations are compared to calculated water
table elevations at the control point locations. This process continues until a
suitable match between the calculated water table elevations and the
prescribed control point elevations have been reached. Upon achievement of
a successful match, the solution is transferred to an output file. The user then
has the option to continue the search for another possible solution, or to quit
the program. Subsequent simulations may be run to assess the systems

sensitivity to different pumping rates.



3.0 PLUME MANAGEMENT

Presently, practising groundwater specialists must use a combination of
hand calculations and computer flow model simulations to design aquifer
restoration systems. The groundwater specialist would utilize a flow model
to predict the potentiometric surface elevations of the groundwater after
simulating the placement of a capture well gallery (Driscoll, 1986).
Subsequently, well capture zones would be determined by assessing the
drawdown cones of the capture wells determined from the flow model results
(Driscoll, 1986), or more appropriately, by solving the Todd equation (Keely
and Tsang, 1983) described in more detail in Chapter 4. The model presented
in this thesis will allow the user to determine optimum capture well
configuration designs with greater flexibility and efficiency. Similar to
the grid search procedures described in Chapter 2.0, the plume management
portion of this program advances wells through user specified grid bounded
search areas to determine the best well configurations to capture a plume. In
addition, the program calculates the potentiometric surface of the water table
for the best well configuration determined.

As the capture wells are incrementally moved through their grid
bounded search areas, the program utilizes a modified Todd equation (see
Chapter 4) to determine the velocity governed capture zone for each pumping
well. While the program advances the wells through all the possible well
configurations, the configuration that captures the largest portion of the most
heavily contaminated area of the contaminant plume is determined. This
procedure is accomplished by drawing an ellipse around each pumping well
at each well location during the search, the radii of which have been

calculated to be the capture zone radii (discussed in greater Jetail in
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Chapter 4). Coverage of the plume by the pumping wells is assessed by
comparing the areal coverage of each well's capture zone to the contaminant
plume characterizing array. The resulting water table elevation distribution
is then calculated for the applied capture stresses. After completing the
plume capture calculations, a summary of the solution is transferred to an
output file where it can be viewed on the screen or sent to a printer.

The program simulation can easily be repeated, subsequent to data
manipulation, t allow the following questions to be answered:

i) Would the capture efficiencies of the pumping wells improve if
recharge wells were added to the system to create hydraulic divides within the
aquifer?

ii) What effect would increasing the pumping rate have upon the
well's capture radius?

iii) What pumping rate would maximize the well's capture zone and

minimize the wells drawdown cone?



4.0 MATHEMATICAL BACKGROUND

The computer model's output is derived from the solution of two
mathematical equations:

i)  a finite difference approximation of the nonsteady-state, two-
dimensional groundwater flow equation that is used to predict an aquifer's
potentiometric surface resulting from an applied stress field, and;

ii) the Todd equation (Keely and Tsang, 1983) that is used to define
the areal limits of a pumping wells 'capture zone' or cone of influence so that
determinations may be made regarding the ability of a given well
configuration to effectively recover a contaminant plume.

The following sections describe the mathematical equations used in the

model.

4.1 Theory of Finite Difference Approximations

The partial differential equation governing the nonsteady-state, two-
dimensional flow of groundwater in an artesian, nonhomogeneous, isotropic

aquifer is (Freeze and Cherry, 1979):

3{Toh/ox} +d (Tah/dyl =Sah +Q {4.1)
d X dy ot
where:

T = aquifer transmissivity

h = head

t = time

S = aquifer storage coefficient

Q = net groundwater withdrawal rate per unit area

X,y = rectangular coordinates

10



The following are assumptions that have been made in the development of
equation 4.1 (Konikow and Bredehoeft, 1978):

i) Darcy's law is valid and hydraulic head gradients are the only
significant driving mechanism for fluid flow;

ii) The porosity and hydraulic conductivity of the aquifer are constant
with time, and porosity is uniform in space;

iii) Gradients of fluid density, viscosity, and temperature do not affect
the velocity distribution;

iv) No chemical reactions occur that affect the fluid or aquifer
properties;

v) Vertical variations in head are negligible;

There is no exact or mathematical solution to equation 4.1, however
an approximate numerical solution can be obtained by substituting finite
difference approximations for the equations differential components (Prickett
and Lonnquist, 1971). The differentials dx and dy are approximated by the
finite lengths Ax and Ay, the differential 9t is approximated by a finite time
period At, and the aquifer is discretized into finite volumes having
dimensions m* Ax * Ay , where m is the aquifer thickness, with T, S and h
varying from one finite volume to the next (Walton, 1984).

The application of finite difference flow equations to an aquifer
system to study site hydrodynamics is initiated by discretizing the aquifer
into finite volumes through the superposition of a rectangular grid system
(Figure 4.1) over a schematic of the aquifer. In order to achieve a high degree
of accuracy, it is prudent to make the discretizing areas of the square grid
(AxAy) small in comparison to the areal extent of the groundwater system

(Prickett and Lonnquist, 1971). The intersections of two grid lines are called
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nodes and have coordinates indexed using the i,j notation such that a column
(i) and a row (j) are colinear with the x and y directions, respectively (Prickett
and Lonnquist, 1971).

The finite difference form of Equation 4.1 for a non-leaking artesian
aquifer system having a production well, with a constant withdrawal rate, at

node i,j (Figure 4.1) may be written as (Pinder and Bredehoeft, 1968):

Tia2 iy~ W/ AX2 + T 5 (hyyq 5- By )/ A+ Ty (hyjq - hy )/ Ay?

+Ti,j-1,1 (hl,i'l - hl,,)/AYZ = Sili(hll] - hoi,’) /At + QI,] / AXAy (42)
where:
S, = aquifer storativity within the vector volume mAxAy

centred at node i,j (dimensionless).

Titj2 = aquifer transmissivity within the vector volume
between nodes ij and i-1,j (L7T™).

Tyj2 = aquifer transmissivity within the vector volume
between nodes i and i+1,j (LT ).

Tij11 = aquifer transmissivity within the vector volume
between nodes ij and i1 (LT ).

Tij1 = aquifer transmissivity within the vector volume
between nodes i,j and i,j+1 ).

hi,j = calculated head at the end of a time increment
measured from an arbitrary reference level at node i,j
L.

hi-l,j = calculated head at the end of a time increment
measured from an arbitrary reference level at node i-1,j

©.



i+1,j = calculated head at the end of a time increment

measured from an arbitrary reference level at node

i+1,j (L).
hi,j+1 = calculated head at the end of a time increment
measured from an arbitrary reference level at node
ij+l (L).
hi,j-l = calculated head at the end of a time increment
measured from an arbitrary reference level at node
i,j-1 (L.
ho; ; = calculated head at nodei,j at the end of the previous
time increment At (L).
Qi,j = constant withdrawal rate (L3T-1).
At = time increment elapsed since last calculation of

heads (T).

The principle unknown of Equation 4.2 is h jj, the calculated head.
Equation 4.2 will calculate the hydrostatic heads in the aquifer system after the
application of any hydrodynamic stress. Hydrodynamic nodal stresses such as
leakage through an aquitard, leakage from a stream or lake bed,
evapotranspiration, and production well withdrawal are all handled through
the flux term Qi,j / Axay.

Every node of the finite-difference grid has an equation similar to
Equation 4.2. In order to solve the large number of simultaneous algebraic
equations efficiently, numerical techniques have been developed for the
digital computer. The methodology utilized to solve the simultaneous
equations in this model is known as the modified iterative alternating
direction implici' method (MIADIM), and was developed by Prickett and

14



Lonnquist (1971). This simultaneous equation solution technique optimizes
the works of past modelers and mathematicians and has proven successful in
groundwater flow applications (Prickett and Lonnquist, 1971). The technique
is based on a combination of the alternating direction implicit method of
Peaceman and Rachfford (1955), the Gauss-Seidel iterative method (James et
al., 1977) and a special predictor-corrector method (Prickett and Lonnquist,
1971).

In brief, the MIADIM first reduces a large set of simultaneous
equations down to a number of smaller sets for a given time increment. This
is done by solving the node equations by Gauss elimination of an individual
column of the grid, while all terms related to the nodes in adjacent columns
are held constant. The set of column equations is then implict in the
direction along the column and explicit in the direction orthogonal to the
column alignment (Peaceman and Rachford, 1955). A solution to the set of
column equations is then determined by the methodology explained in the
following sections.

After all column equations have been processed column by column,
the node equations are solved again by Gauss elimination of an individual
row while all terms related to adjacent rows are held constant. When all
equations have been solved row by row, an 'iteration' has been completed
and an initial head matrix produced. The above process is repeated for a
number of iterations. Subsequent to each iteration, the head matrix is
compared to the head matrix of the previous iteration. When the difference
between the two matrices is within an acceptable tolerance of error,
convergence has been achieved and this completes the calculations for the
given time step or increment. The successfully converged head values are

then utilized as the initial conditions of the next time step and this process

15



repeats until the head values have been calculated for every time step of the
simulated pumping period. The next section presents a more detailed

summary of the MIADIM solution operations (Prickett and Lonnquist, 1971).

411 MIADIM Solution Operations

Equation 4.2 is modified and rearranged to facilitate node equation

solving by column and rows:

AAj*hi,j-l'*'BBj‘hi,j +Cci"hi'i+1=DDi (43)

AA i‘hi-l,j"'BBi'hi,j +CCi‘hi+1'j= DDi (4.4)

Equations 4.3 and 4.4 are used to solve calculations by columns and rows,

respectively. In the case of Equation 4.3, the constant terms AA, BB, CC and
DD are:

AA j = -Ti,j'l,l (4.3&)
BBj = Tigga + Tijo + Tija+ Ty + Sijaxay/at (430
CCj = = i,j,l (4n3C)

DD; = (S;jaxay/A) *ho ;s - Qs+ Ty hyyj + Tjjohy,y; 43d)

In the case of Equation 4.4, the constant terms AA, BB, CC and DD are:

AAi = 'Ti-l,j,Z (4.43)
BB; = Tiqjo + Tijp + Tyji+ Tija + 5;5axay/at (4.4b)
CC; = -Tyjo (4.40)

DDi = (Sl,j AXAY/At) *ho i'i - Qlli + Ti,]‘],l hi,i A1 + Ti,i,lh'l,j +1 (44d)

16



When isolating a column or row for solution (Figure 4.1), there are
three unknowns, ho j;7hy ;- and hy,; ; for each node along a column
(Equation 4.3), or three unk«uowns, ho ;. hy; ¢ and hy; ., for each nodein a
row (Equation 4.4). The solution of a set of column or row head equations is
accomplished by Gauss elimination incorporating the Thomas algorithm
(Prickett, 1975). The solution technique utilizes the B and G arrays of
Peaceman and Rachford(1955). The method for calculating heads along rows

or columns involves first computing values of G; (see Equation 4.5) and B;
(see Equation 4.6) or G; (see Equation 4.8) and B; (see Equation 4.9) for the
nodes of a row or column in order of increasing i or j, respectively. After
completing this, the head at the last node of a row or column is found. All
other heads in the row or column are then computed in order of decreasing i
or j, respectively. After completing the calculation of heads in an individual
row or column, the computer proceeds to the next row or column until all
have been processed satisfactorily (Walton, 1985). To complete the row
calculations (Prickett, 1975):

G; = (DD; - AAG, ;)/(BB; - AAB, ) «5)

B; = CC;/(BB; - AA;B; ;) (4.6)
where: AA, (Equation 4.4a) is set equal to zero for the first node of a row and
CC; (Equation 4.4¢) is set equal to zero for the last node of a row and (Prickett,

1975):
hij = Gi - By, 4.7
To complete the column calculations (Prickett, 1975):
G, = (DD;- AA]GH)/ (BB, - AAB, 1) (4.8)
B, = CC;/(BB;- AAiBH) (4.9)
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where: AA’ (Equation 4.3a) is set equal to zero for the first node of a column
and CCI (Equation 4.3¢) is set equal to zero for the last node of a column and
(Prickett, 1975):

hji = Gj-Bhyy (4.10)

Iterations are terminated and the values of head converge when the
sum or absolute value of the difference in head from the present iteration
compared to the last iteration has not changed more than the tolerance of
error.

The rate of convergence is increased by inclusion with each time
increment of a preliminary head predictor (Walton, 1985). The preliminary
head predictor assumes that the ratio of the present to past differences in head
will equal the ratio of the future to present differetces in head, or (Prickett
and Lonnquist, 1971):

F=D/ DLL] = predicted future difference in head/D (4.11)
where:

D = present difference in head

DL;; = past difference in head
When F is undefined because DLy; is zero, as in the first two time steps, F is

set equal to 1.0.

412 PBoundary Conditions

The two types of boundaries incorporated into this computer modet are
constant-flux and constant-head boundaries. They can be used to simulate
real boundaries in the aquifer system or to represent artificial boundaries.

The constant-flux boundary can be used to represent well withdrawals,

well injections, no-flow boundaries, or drainage ditches. Well withdrawals or
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injections have been historically désignated by stipulating a positive flux or
negative flux rate respectively, for the appropriate node. No-flow boundaries
simulate natural limits or barriers to groundwater flow. The no-flow
boundaries are designated by setting the transmissivity equal to zero at the
appropriate nodes, and thereby restricting the flow of water across the
boundaries of the cell containing that node (Konikovs and Bredehoeft, 1978).
The borders of the finite difference grid are represented as no-flow boundaries
in this model.

A constant-head boundary can be used to simulate parts of the aquifer
where the head will not change with time, such as recharge galleries or in
areas beyond the influence of hydraﬁlic stresses. The constant-head
boundaries are designated by setting the infiltration term equal to a
sufficiently high value (1.0E+21 (Konikow and Bredehoeft, 1978)) to allow the
head in the aquifer at a nnde to be implicitly computed as a value that is equal
to the value of the desired constant-head elevation (Prickett and Lonnquist,
1971). The resulting rate of leakage into, or out of, the designated constant-
head cell would equal the flux required to maintain the head in the aquifer at
the specified constant-head elevation (Konikow and Bredehoeft, 1978).

4.1.3 Non-Uniform Time Increments

Subsequent to the application of a hydraulic stress tc an aquifer system,
water levels will change rapidly at first { when a well first starts to pump) and
as time goes on, the rate of change declines. During the initial stage of rapidly
fluctuating water levels, small time increments should be used to ensure

accurate head calculations. As water levels stabilize, progressively larger
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time increments should be used to optimize calculation time without loss of
accuracy.

This computer mode! applies a geometric progression to the time
increment. An initial small time increment is chosen by the user. Successive
time increments are progressed by the relationship:

Time = Delta * Q (4.12)
where:

Q=1+121+122+ 1.2 4 i + 1.2 (istep-1) (4.13)

Delta = initial time increment

istep = time increment number.
The factor 1.2 has been found to produce satisfactory results for most
applications (Prickett and Lonnquist, 1971) but may need to be adjusted to fit

individual aquifer conditions.

414 Leaky Artesian Conditions

Leaky artesian conditions are simulated by assuming the rate of flow
through an aquitar& into an aquifer is directly proportional to the horizontal
projected aquitard area, the vertical permeability of the aquitard, and the head
difference between that in the aquifer and the source bed above the aquifer,
and inversely proportional to the aquitard thickness (Walton, 1985).
Assuming there is no water release from storage within the aquitard, a
recharge factor is assigned to each node where the aquitard exists with the
following equation (Prickett and Lonnquist, 1971):

Raij= @i/ mipd Ay (4.14)
where:

Raij= aquitard leakage (recharge) factor

20



Pi;= aquitard vertical permeability
m;;= aquitard thickness

A nodal area through which aquitard leakage occurs

aij -
Figure 4.2 depicts a parameter schematic for the leaky artesian scenario.

When aquifer heads are above the aquitard base, the leakage rate is given by
the following equation (Prickett and Lonnquist, 1971):

Quij= RH;;- h{;) Ry (4.15)
where:

Qy ;j = leakage (recharge) rate

RH;; = head elevation in source bed

h T head elevation in aquifer
The vector volumes related to recharge extend the full aquitard thickness and
have an area that encompasses half the grid spacing from the node of interest

to the for surrounding nodes.

4.1.5 Induced Infiltration

Induced infiltration from a stream into an aquifer system is simulated
by assuming that the effects of partial penetration of the stream are negligible;
the head in the stream remains constant; and the rate of flow through a
streambed is directly proportional to the streambed area, streambed
permeability, and the aquifer-stream head difference, while being inversely
proportional to the streambed thickness (Walton, 1985). Figure 4.3 presents a
schematic of the induced infiltration scenario. An aquifer infiliration
recharge factor is defined and assigned to each streambed node with the
following equation (Prickett and Lonnquist, 1971):

Ry = @i/ mg ) Aq gy 4.16)
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where:

Ry ij= induced infiltration (recharge) factor

Pij= streambed vertical permeability

m ;= streambed thickness

A ,ij= nodalarea of streambed through which infiltration occurs.
Figure 4.4 presents how the streambed nodal areas are derived. When the
aquifer heads are above the streambed base, the induced infiltration rate is
given by the following equation (Prickett and Lonnquist, 1971):

Qrij= RH; ;- hj)Rg;; 4.17)
where:

Qrij= induced infiltration (recharge) rate

RH ;. = stream surface elevation

i/}
h;; = head elevation in aquifer

When the aquifer heads are below the streambed base, the induced
infiltration rate is given by the following equation (Prickett and Lonnquist,
1971):

Qpij= (RH;; - RDy;)Rg i (4.18)

where:

RD i streambed base elevation

4.1.6 Water Table Conditions

In a water table aquifer, the amount of dewatering taking place as a
result of pumping is small compared to the total aquifer saturated thickness
(Walton, 1985). Water table conditions are simulated by adjusting the values

of the aquifer's storativity and transmissivity in Equation 4.2 to accommodate
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the above noted effects. The following equations are used when storativity

changes because of heavy withdrawals (Prickett and Lonnquist, 1971):
when h ;. is above or equal to CH ;, (Figure 4.5):

S j = SF1y; (4.19)
when h l:] is below CH i'i :
Sij = SF2 (4.20)

where as noted in Figure 4.5

CH;; = elevation of aquifer top
SF1 ;= artesian storativity factor
SF2 jj= water table storativity factor

S i = storativity faci.: used in computations

Transmissivity is the product of an aquifer's hydraulic conductivity
and its saturated thickness. Under water table conditions, the gravity
drainage of interstices decreases the aquifer's saturated thickness and
therefore the transmissivity must be adjusted accordingly. Assuming slow
gravity drainage effects are negligible, simulation of a water t~hle aquifer's
transmissivity is accomplished by applying the following equations (Prickett
and Lonnquist, 1971):

Tij1 = PERM; ;1 [(hy; - BOT;)) (hyy,y - BOT; ;) 1Y% a2

Tij2= PERM;;, [(hy) - BOT;;) (hy,yy - BOTy, 112 (422)
where as noted in Figure 4.5:
T;;1 = equivalent geometric mean aquifer transmissivity with
dewatering between i,j and ij+1
Tij2= equivalent geometric mean aquifer transmissivity with
dewatering between i,j and i+1,j

PERM; i) = aquifer permeability between ij and i, j+1
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PERM; 5 = aquifer permeability between i,j and i+1, j
]30'1}'i = aquifer base elevation at node i,j
BOTi,j+1 = aquifer base elevation at node i,j+1

BOT;

i1, = aquifer base elevation at node i+1,j

When heads decline “elow the aquifer base (Walton, 1985), they are set equal

to the aquifer base elevation plus 0.01 (ft or m) .
42 Th 1 re Z i

The velocity of flow through an aquifer can be represented by
rearranging and modifying Darcy's law (Freeze and Cherry, 1979):

Q =KIA (4.23)
where:

Q : is the volumetric flow rate in cubic metres per day;

K: is the hydraulic conductivity in metres/day;

I: is the hydraulic gradient (dimensionless);

A: is the cross-sectional area through which flow occurs in square
meters.
By rearrangement, the 'Darcy velocity' (V4) can be obtained by (Freeze and
Cherry, 1979):

Vi=Q/A=KI (4.24)
Since the flow occurs only through the pores, rather than through the entire
cross-sectional area (A), the true pore velocity or interstitial velocity (V) can
be obtained by (Freeze and Cherry, 1979):

Vi =Q/AS, =KI/0D, (4.25)

where:
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@, : is the aquifer effective lﬁorosity.

The centre term of the above equation (Q/A@,) can te used to compute
the velodity of waters moving towards a pumping well because Q is usually
known for the well and A is readily estimated (Keely and Tsang, 1983).
Assuming uniformly radial flow towards the well, the cross-sectional area
¢through which flow must pass to reach the well is equal to the area of the
curved face of an imaginary cylinder of radius r, where r is chosen as the
distance from the well where the velocity effect is of interest to the
investigator. The area of the curvec face of the imaginary cylinder at the
radial distance is (Keely and Tsang, 1983):

A =2[Irh (4.26)
where:

h: is the effective saturated thickness of the aquifer zone yielding water
to the well.

Naturally, this implies that there is a distribution of velocities
surrounding the pumping well which increase in magnitude as one gets
closer to the well. By substitution of Equation 4.26 into Equation 4.25, an
expression for velocity towards the pumping well may be obtained:

Vpumping = Q/(2[Tth&e) (4.27)

The right hand term of Equation 4.25 (V; = KI/@,) is generally
employed for estimation of the aquifer's natural flow velocity. This is
because the average hydraulic conductivity (K) and hydraulic gradient (I) are
usually known or easily estimated, whereas the aquifer's bulk flow (Q) and
cross-sectional area (A) are not easily estimated.

Manual plots of the velocity distribution surrounding a pumping well,
in the presence of a real natural flow rate and direction, can be constructed
from Equations 4.27 and the right hand term of Equation 4.25 (Keely and
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Tsang, 1983). The natural flow system moves water toward the well on the
well's upgradient side, but tries to move water away from the well on the
downgradient side. Therefore, at distances upgradient from a pumping well,
the velocities from natural flow and pumpage are added together to yield net
velocities, whereas, at distances downgradient from the pumping well, the
velocities from natural flow and pumpage are subtracted to yield net
velocities (Keely and Tsang, 1983).

At some distance downgradient, the pull of waters back toward the well
by pumping is exactly countered by the flow away from the well due to the
natural flow velocity. This location is called the stagnation point (Todd, 1980)
or velocity divide (Keely and Tsang, 1983). It is important to note that the
stagnation point occurs well within the cone of depression caused by
pumping. This relationship is such that the greater the pumping stress, the
farther downgradient the stagnation point occurs, or conversely, the greater
the natural flow velocity, the closer the stagnation point will be to the
pumping well (Keely and Tsang, 1983).

The distance to the stagnation point downgradient of an extraction well
can be calculated directly by setting the expression for Vpumping (Equation
4.27) equal to the value of Vnatural (the right hand term of Equation 4.25) and
rearranging to solve directly for r:

r = Q/(ITh@eVnaturad) (4.28)
where:

r : stagnation distance
which can be rewritten as:

r=Q/{2IT) (4.29)
where:

Q : well pumping rate;
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T : aquifer's transmissivity;

I : aquifer's average gradient before pumping began.

The width of the capture area parallel to the extraction well is then estimated
to be (Todd, 1980):

We=IIr
where:

We : the wells capture width;

r : is the distance to the stagnation point (Equation 4.29).

An important point that must be noted is that only in extremely rare
cases of zero natural flow velocity are the areal boundaries of a wells capture
zone and the cone of depression identical everywhere (Keely and Tsang,
1983). In the past, the standard method for developing capture zones was to
overlap the cones of depression of a line of pumping wells. Therefore, in an
aquifer with a large natural flow velocity, the use of the well's cone of
depression as the well's capture zone could lead to potential failure in
containing the plume, despite the fact that their adjacent cones of depression

overlap (Keely and Tsang, 1983).
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50 FROGRAM DESCRIFTION

The computer software package developed in this thesis has been
designed to provide the user with optimum solutions to dewater complex
excavations or to control contaminant plume migration by controlling
groundwater elevations. The program allows considerable flexibility in data
input so that a wide range of field situations may be addressed. Most
groundwater flow models presently in use, calculate the potentiometric head
or velodity flow paths of an aquifer system as a result of the placement of
pumping wells within a hydrogeologically variable environment. The model
presented in this thesis goes one step further by having a series of wells, with
various pumping rates, adv .nce through designated areas of the finite
difference grid system discretizing the aquifer. As the wells advance to each
new nodal configuration and the spatial orientation of the wells within the
hydrogeologically variable flow field change, the optimum well configuration
solution is determined when user specified conditions are fulfilled . In a
dewatering simulation, these conditions are in the form of predesignated
control point potentiometric surface elevations that must be matched by the
program calculated elevations. In a plume management scenario, they are
fulfilled when a given well configuration maximizes contaminant plume
coverage within the well's capture zones. In addition to utilizing pumping
and recharge wells to manipulate groundwater elevations, the model is able
to simulate recharging ditches, collection ditches, induced infiltration from
surface streams and ponds, as well as areas of no flow due to complex geology
or foundation structures. Appendix A contains a copy of the program listing.

The computer model has been written in Turbo Pascal Version 5.0, and

is able to run an IBM-XT, AT, and 386 personal computer or equivalent clone.
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It is recommended that the computer system have 2 megabyte's of RAM
memory and a math co-processor.

The solution to an application of this program has three phases prior to
simulation initiation:

i) data collection;

ii) data input, and;

jii) program sensitization.

These phases are discussed in greater detail in the following sections.

5.1 Data Collection

To solve a dewatering problem, the user must either have basic
knowledge of the aquifer's hydraulic properties as determined from a well
pump test or the user can estimate the properties if familiar with the site's
hydrogeology. Areal distributions of the aquifer's potentiometric surface,
transmissivity, storativity, the locations of key controlling water table
elevations such as a nearby stream or a neighbor’s well that should not be
dewatered, and the desired dewatered potentiometric elevations, must be
known by the user before initiating any simulations with this model.

To capture a contaminant plume, the user must have the same basic
information of the aquifer's hydraulics as required in the dewatering scenario, plus
the areal distribution of the indicator contaminant in the aquifer. It is safe to
assume that the user is familiar with the indicator contaminants distribution within
the aquifer if they are implementing a study to design a well capture and waste

water treatment system.
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52  Datalnput

The program is driven by a menu system that allows the user to
quickly tour through the model and make data changes efficiently. In
addition to the menu prompts for data input, a spreadsheet has been
developed to allow more efficient manipulations of the many aquifer
characterizing matrices. The spread sheet may also read ASCI formatted files
derived from digitized maps and incorporate the information into the data

set for a particular simulation.

5.2.1 Menu System

The menu system consists of a series of interactive windows. The
windows have a menu title followed either by a series of submenu titles or
interactive parameter statements. At the base of the window is a dialogue box
directing the user through the program's menu system. Figure 5.1 presents a

program menu map.

522 Menu System Mobility

The user may advance through the window system by pressing
"return” and retreat to the previous menu system by pressing "escape”. The
interactive parameter windows require the user to enter the appropriate data.
Within a window, the various parameters are selected by highlighting a
parameter using the "up” and "down" arrow keys. Data are entered manually
into the space highlighted. The "left" and "right" arrow keys allow the user
to move horizontally within the highlighted parameter space. The "delete"
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or "backspace” key allows data to be erased left of the cursor position within

the highlighted parameter space.

5.2.3 Main Menu

Upon invoking the executable program command, the program title
screen appears outlining the program'’s name, author, and copyright
statement as well as directions of how to continue. Proceeding to the Main
Menu, there are four sub-menus listed: Load/Initialize Data Set, Site

Dewatering, Plume Management, and Quit.

5.24 L itialize D

The first selection must always be the Load/Initialize Data Set
submenu. This menu asks the user to input the job name or number. If the
job is new, all parameters are initialized, otherwise the most updated data set
for the identified job is loaded into memory. The menu then requests that
you enter the units that will be used throughout the simulations. When this
information has been entered, the dialogue box directs the user back to the

main menu.

5.2.5 Site Dewatering

To utilize the program to produce optimum dewatering scenarios, the
user would select the second listed sub-menu of the Main Menu entitled Site
Dewatering. As depicted in Figure 5.1, the Site Dewatering window has five

sub-menus. Selection of a sub-menu would lead to a series of interactive
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screens that will allow data to be input. The five sub-menus are
Hydrogeological Information, Finite Difference Parameters, Finite Difference

Arrays, Start Simulation, and Solution Summary.

5.2.5.1 logical Inf i

If the sub-menu Hydrogeological Infonmation is selected, the following
information is requested in a series of interactive parameter windows:
designation of the aquifer as confined or unconfined, number of site
dewatering contrcl points, number of pumping or recharge wells, location of
the site dewatering control pdints, control point groundwater elevations,
acceptable control point elevation ranges, maximum ailowable well

drawdowr, and the finite difference grid coordinates of the well search areas.

5.2.5.2 Finite Difference Parameters

If the sub-menu Finite Difference Parameters is selected, the following
finite difference approximation parameters are requested in a series of
interactive windows: number of columns and rows in the finite difference
grid, default value of spacing between gridlines, total number of simulation
time steps, initial time increment, error of tolerance for finite difference

convergence, and finally an anisotropic factor may be stipulated if warranted.

5.2.5.3 Data Manipulation by Spread Sheet

If Finite Difference Arrays is selected, a spreadsheet is opened. The

various aquifer characterizing arrays such as initial head, transmissivity,
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etorativity, infiltration, recharge, and aquifer thickness may be edited
efficiently within the spreadsheet. The areal distribution of recharge and
collection ditches may be simulated here. As well, the discretized nodal

values for river bed properties and confining layer properties are addressed.

52.5.4 Dewatering Simulatjon

If the sub-menu Start Simulation is selected, a graphic display appears
and presents the finite difference grid which the user watches as the search for
an optimum well configuration to dewater the site progresses. The recharge
wells and pumping wells move through their search areas incrementally, so
that all possible well configurations have been addressed, to find the
successful configuration that will satisfy the control point criteria. If a
successful configuration is found, a window opens on the screen
summarizing the successful configuration's specifications as well as writing
the successful solution to an output file. The user may continue to locate
additional successful configurations or can quit the simulation and return to
the previous menu.

If during the simulation, the finite difference approximations do not
successfully converge, an error message appears upon the screen requesting
the user to try different values of the time increment or error convergence

criteria.

5.2.5.5 Solution Summary

Subsequent to the search simulation, the Site Dewatering menu

appears. At this time you may request the sub-menu Solution Summary.
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Within the Solution Summary sub-menu, the user is able to see a tabulation
of all successful solutions and their relevant information that has been saved

in an output file and has the ability to send the output file to a printer.

5.2.6 Plume Management

If the user had selected Plume Management instead of Site Dewatering,
the series of subsequent sub-menus would have been identical to those
described above for Site Dewatering . In addition, the user would be requested
to locate the plume within the finite difference grid system and to
characterize the contaminant plume's areal concentration distribution within

the aquifer with the spreadsheet.

5.2.6.1 Plume Control Parameters

In order to accommodate complex plume shapes within a rectangular
grid system, the user is asked to enter the number of rectangular shapes that
could be combined to represent the plume shape in the field. A series of

interactive windows allows the grid coordinates of these shapes to be input.

5.2.6.2 izing Arr

A plume characterizing array must be created by the user. The
simulation will determine the well field configuration whose capture zones
optimally cover the contaminant plume, represented by the plume
characterizing array. The user discretizes the areal distribution of the plume

characterizing parameters concentration, preferably utilizing the most mobile
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contaminant of concern. This information is input as an array in the program

spreadsheet.

5.2.6.3 Plume Capture Simulation

The plume management portion of this program moves wells through
prescribed grid bounded search areas to determine the best well
configurations to capture the plume. At each node point within the grid
representing a capture well for a particular well configuration, the capture
zone is drawn on the screen. When the best solution well configuration is
determined, the model will next calculate the aquifer's potentiometric surface

as a result of the applied capture stresses.

5.2.7 Data Preparation Time

It is anticipated that data preparation input time for both dewatering
and plume capture applications will be less than one hour, once the user has
become familiar with the model. The interactive parameter menu dssign

and the spreadsheet facilitate quick data file manipulations.
5.3 itizati

Before the model can be utilized to design a plume management or site
dewatering scheme, a sensitivity analysis should be performed to match the
aquifer’s simulated flow field with the site's observed flow field. Differences
may exist between the simulated and observed flow fields due to the

heterogeneous nature of the actual site. This can be com;2nsated for by
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varying the nodal parameter input values within reasonable limits. Only
after a sensitivity analysis is performed, can the user feel confident that the
model will produce reasonably accurate results when subsequently applied to

a dewatering or plume management problem.
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6.0 CASESTUDY APPLICATIONS

To validate the computer program's solutions and to demonstrate that
the model is an effective planning tool, for solving complex dewatering and
plume capture problems, the program has been applied to three independent
case studies.

The first case study is a simple compazison of the finite difference
output of the program presented in this thesis and the output of a well
documented and successfully proven flow model produced by Thomas A.
Prickett & Associates known as PLASMER4 (Pricket, 1975). The PLASMER4
model determines the potentidmetric surface of the water table subsequent to
applying a stress field. The purpose of this comparison is to ensure that the
results of the finite difference calrnlations, used to determine the
potentiometric surface cf the watertable in the program, are reasonably
accurate. The solution of the finite difference approximation of the flow
equation constitutes the framework to solving the dewatering and plume
capture algorithms utilized in the computer program presented in this thesis.

The second case study is 2 comparison between a documented
hydrogeological consultant’s design to depressurize a bedrock aquifer for the
Welland Canal realignment project that commenced in southwestern
Ontario in 1969 and a dewatering design determined by the thesis program.
The dewatering solution produced by the program is compared to the
solution derived by the consulting groundwater specialists to assess the
usefulness of the program as a time saving, dewatering planning tool.

The final case study presents a United States Environmental Protection
Agency (US EPA) documented field investigation that utilized pumping wells

to capture and extract contaminated groundwater from an industrial property
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in Florida. The plume capture solution produced by the thesis program is
compared to the solution derived by the consulting engineers responsible for
the site's remediation. The purpose of the comparison is to assess the
usefulness of the program as a time saving, planning tool for the pre-design
of contaminant plume capture well systems.

The aquifer parameter values used in the case study comparisons are
all expressed in United States (US) and Imperial units for the following
reasons:

i) The flow model PLASMER 4 was designed in the United States
which necessitated the use of US units to comply with constants built into the
program.

ii) Both the dewatering and plume control case studies were
documented in Imperial and US units and during the thesis simulations, the
units were kept in these units to maintain consistency with decumentation
and for ease of comparison.

It should be noted, however, that the model developed for this thesis
performs equally well using parameters expressed in either metric, imperial,

or U.S. units.
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6.1 impl A Finite Differ lgori

As noted previously, the finite difference approximation solution of
the flow equation (Equation 4.1) constitutes the framework for solving a
dewatering or plume capture problem in this program. To assess the accuracy
of the finite difference approximations, the program presented in this thesis
and the successfully proven program PLASMER4 (Prickett, 1975) were applied
to a simple field scenario and, subsequently, their results compared. The
thesis program was utilized in this comparison as a simple flow model by
having the designated well search area limited to one node of the finite
difference grid and subsequently altering the program source code to print out
the calculated potentiometric heads of the aquifer for every time step of the
simulation.

The simple field scenario is described as follows:

* A confined aquifer is discretized by a finite difference grid
(Figure 4.1) consisting of ten rows and ten columns. The grid spacing is 100
feet and is constant over the aquifer.

* The aquifer hydrogeologic properties which are constant

throughout the aquifer are :

Transmissivity = 500 gal/day/ft
Storativity = 0.05
Initial Potentiometric Elevation = 100 ft

» There is one pumping well located at the exact centre of the aquifer
study area at node (5,5). The well's pumping rate is 2000 gal/day.

Both computer programs were run for a time period simulating
approximately 270 days of pumping. Appendix B contains the program

outputs at various simulated time intervals. Tables 6.1, 6.z, and 6.3 present a

b
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comparison between the potertiometric surfaces calculated by PLASMER4
and the program presented in this thesis.

As presented in Table 6.1, 6.2 and 6.3, there is very little difference
between the solution of the program presented in this thesis and the
PLASMER4 output. After a simulated pumping period of approximately 10
days, the highest difference between the two program'’s outputs is 0.03 feet
(Table 6.3). This difference is attributed to the fact that the combined solution
represents the flow field after a simulated pumping period of 10.3 days and
the thesis model's output represents the flow field after a simulated pumping
period of 9.9 days. In the initial stages of pumping an aquifer, the applied
stresses near the well cause rapid changes of the water table surface in a short
period of time. Eventually, steady state conditions are approached and these
changes become less noticeable. Therefore, the slight differences in
simulating pumping periods is enough to create an output difference of 0.03
feet. As steady state conditions are approached in the aquifer, the program's
output differences presented in Table's 6.2 and 6.3 indicate that the maximum
difference between the two program’s outputs has been reduced to 0.01 ft.
This difference can also be attributed to the time difference between the
simulated pumping p..10ds of the two programs. Chapter 7 discusses the

relevancy of the thesis model's results.

6.2 Dewatering Case Study

The realignment of the Welland Canal between Port Robinson and
Port Colborne, Ontario and the building of canal underpass structures
commenced in 1969 and necessitated both temporary and permanent

dewatering operations of the underlying artesian bedrock aquifer (Farvolden
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and Nunan, 1970). The thesis program is applied to the Welland Canal
Project to assess the usefulness of the model as an effective planning tool.
Appendix C presents a summary of the hydrogeological background of the
dewatering project (Farvolden and Nunan, 1970) in addition to a description
of a computer model (Frind, 1970) that was developed for the site to predict
regional dewatering impacts upon nearby potable water supplies. The
emphasis of these previous stuaies was o predict the site's dewatering
requirements and to assess the regionl irapact of these dewatering
operations.

Four pumping centres were established to dewater the excavations for
the Welland Canal project (Farvolden and Nunan, 1970). Figure 6.1 presents
a schematic of the region delineating the bedrock aquifer's original
potentiometric surface (Farvolden and Nunan, 1970). Figure 6.2 depicts the
locations of the four pumping centres and presents tliz bedrock aquifer's
drawdown cone observed on June 30, 1969 (Farvolden and Nunan, 1970).
The observed drawdown matched closely with the potentiometric surface
predictod by Frind's computer simulation (Frind, 1970). It should be noted on
Figure 6.2 that potable water supplies in nearby Fonthill were impacted by a
regional aquifer lowering of as much as 20 ft.

In applying the thesis model to the Welland Canal project, the regional
scale of the compiled field information and the lack of detailed hydrogeologic
data in the vicinity of the excavation site did not provide much freedom in
having pumping wells advance through a finite difference grid to find an
optimum dewatering configuration. Hence, this provided an opportunity to
present another aspect of the thesis model's versatility in addition to
dewatering applications. The model conld be used to determine optimum

recharge well configurations. Therefore, for the Welland Canal project, the
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thesis model was utilized to predict the pumping well requirements to
dewater the site and to determine an optimum recharge well ronfiguration
that weuld limit the regional impact of the site's dewatering operations.

To accomplish this, the aquifer was discretized into a grid of ten rows
and columns. Appendix D presents the model's input data that were utilized
to produce the solution. After calibrating the model to accurately simulate
field conditions, the model was run to determine both the site's dewatering
flux requirements ani an optimum recharge well configuration that would
decrease the regional impact of the dewatering wells.

Figure 6.3 presents thé potentiometric surface created by the optimum
dewatering and recharge well .configuration predicted by the thesis model.
Similar to the field studies, the model utilized four pumping centres to
dewater the construction site of the new Welland Canal. In addition, three
recharge wells were required to minimize the the regional impacts of the
dewatering operations. Figure 6.4 presents a schematic of the computer
screens simulation graphics portraying the optimum recharge well
configuration and pumping well requirements as determined by the thesis
model. Also presented in Figure 6.4 are the user designated control points.
As described in Chapters 2 and 5, the solution of the thesis model is achieved
when the predicted potentiometric surface of a particular well configuration
matches the designated groundwater elevations of user defined control nodes
within the finite difference grid. The controlling groundwater elevations for
the control points were derived from Figure 6.2. Control points 6, 7, 8, &9, the
dewatering control points, are located in the vicinity of the deepest
excavations for the new canal. The Control pc. its 1, 2, 3, 4, & 5, the recharge
control points, were located near the Old Welland Canal. The basis for the

conirol point configuration was to ensure proper dewatering took place for
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the project and the aquifer regional dewatering was kept to a minimum west
of the old canal.

To compare the differences in regional dewatering trends predicted by
the thesis program and the observed drawdown cone as a result of actual
dewatering operations, a loose comparison can be made between the predicted
potentiometric surface of the thesis model's optimum solution presented in
Figure 6.3 and the observed drawdown core portrayed in Figure 6.2.
Comparing Figure 6.2 and 6.3, it is evident that the thesis program’s solution
closely simulated the earlier described dewatering requirements of the site,
while reducing the regional dewatering of the aquifer, notably for the Town
of Fonthill. Table 6.4 summarizes the thesis model’s output for the
dewatering application by comparing the required groundwater elevations for
the eight control points with the programs predicted elevations for the
solution well configuration. Based upon the results presented in Table 6.4, it
is evident that the model's solution well configuration would create a
potentiometric surface that fell within the user defined tolerance of error for
the required groundwater elevations of the control points as well as limiting
the amount of regional dewztering.

The thesis program output summary presenting the model's solution
is presented in Appendix E. The program output gives the coordinates of a
model determined optimum dewatering well configuration within the finite
difference grid, the site's control point's desired and calculated potentiometric
elevations, and the predicted potentiometric surface of the flow field after
being stressed by the well field. Chapter 7 discusses the usefulness of the

model presented in this thesis in light of the dewatering appication solution.
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6.3  Plume Control Case Study

To assess the usefulness of the program presented in this thesis as an
effective planning tool to help control contaminated plume migration and
begin aquifer restoration, the model is applied to a US EPA documented case
study. The site is known as the Emerson Electric Company site and is located
in Altamonte Springs, Florida (US EPA, 1985). The site remediation is
regulated by the Florida State Environmental Protection Office. At the site,
organic and heavy metal contaminants iiave entered into a sandy water table
aquifer as a result of discharge from the industrial plant to a septic tile system
without pretreatment (US EPA, 1989). Extraction wells were implemented
and have effectively restored the aquifer to less ithan detectable limits for the
contaminants observed (US EPA, 1989). Appendix F presents a more detailed
hydrogeologic description of the site and the designed capture well system
that was implemented to restore the aquifer (US EPA, 1989).

As noted in Appendix F, the consultants hired by the Emerson Electric
Company designed an aquifer restoration system consisting of five pumping
wells, pumping at a combined rate of 43 200 US gal/day, concentrated in an
area having anomalously high conductivity readings (US EPA, 1989).

Figure 6.5 presents a schematic of the site and the position of the consultant's
purge wells. As a result of this design, the water table was lowered by almost
20 ft. in the wells' vicinity. As noted in Figure 6.5, the contaminated water
table aquifer is only 20 ft thick, hence the consultants dewatering scheme
created a large unsaturated zone that could not be purged efficiently. Figure
6.6 presents the potentiometric surface created by the consultant's five well

purge system.
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To apply the thesis model to this plume capture case study, the aquifer
was discretized into a grid of ten rows and columns. Appendix G presents the
model’s input data that was utilized to produce the solution. After calibrating
the model to the Emerson Electric Company property, a solution was derived
for the application and is presented in Appendix H.

As noted in Chapter 3, the strategy to designing an efficient aquifer
restoration system is to create as large a capture zone as possible to contain the
contamination, with a system that will a.inimally dewater the site, so that the
soil-water matrix can be =ifectively purged. Figure 6.7 presents a schematic of
the compuier's ciptimum well configuration solution depicting a system of
two pumping veells. As noted from Figure 6.7, most of the contaminated
areas on the property are enclosed within the solution well's capture zones.
To maximize capture areal coverage and minimize dewatering it was found
that the solution required a combined pumying rate of 14 000 US gal/day.
Figure 6.8 presents the predicted potentiometric surface of the thesis model's
solution.

In addition to providing good site coverage, a comparison between
Figure's 6.6 and 6.8 indicates that the thesis model's solution well
configuration would be a more efficient aquifer purging system. The
consultant's solution dewaters the property approximately 15 ft or almost one
third of the aquire:'s thickness more than the thesis model's solution.

As noted in Appendix H, the model's solution cutput contains the
optimum well placement configurations to capture the plume, the capture
width of each well, as well as the resultant potentiometric surface produced as
a result of the capture wells spatial configuration. Chapter 7 discusses the
accuracy and suitability of the thesis model's solution to the plume capture

application.
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7.0  DISCUSSIONS

To assess the thesis program's suitability and efficiency as a practical
design tool for site dewatering and plume management applications, the
model was applied to three case studies described in detail in Chapter 6. The
following sections discuss the observations that were made concerning the

model based upon the results of the three case study applications.

7.1  Finite Difference Approximations

The comparison case presented in Section 6.1 indicates that the thesis
model can simulate the potentiometric surface of a groundwater flow field
with a high degree of accuracy. The solution to the finite difference
approximations of the groundwater flow equation (Equation 4.1) forms the
basis for the thesis dewatering model. The program's plume management
model utilizes the solution to the flow equation to determine the aquifer's
potentiometric surface resulting from the well configuration that the model
has determined would best capture or manage the contaminant plume.
Therefore, if the model has been properly sensitized to the site, it should

provide reasonably accurate results for most applications.

7.2 Dewatering Case Study

The thesis model's solution to the Welland Canal case study is
presented ir Figure 6.1 and Appendix E. The solution was found to
adequately dewater the excavation while eliminating regional dewatering

impacts upon water supplies of rural residents west of the old Welland Canal.
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The dewatering requirementﬁ and effects determined by the thesis
model closely matches the requirements predicted by the consulting
groundwater specialists who studied the site. In addition, the configuration
of recharge wells determined by the program would appear to greatly reduce
the regional impact from the dewatering operations. The computer derived
recharge well configuration is practical, in that the wells are located adjacent
to the old Welland Canal, a potential water supply for the recharge
operations. The furthest distance that water would need to be transported
from the canal would be approximately 12000 ft.

Based upon the results of the dewatering case study comparison, it is
evident that the program presented in this thesis is a practical and effective
tool for the pre-design stages of planning a dewatering management system.
The total time taken to complete this exercise subsequent to collection of the
background hydrogeological field data was approximately seven (7) hours
utilizing an IBM-XT operating at 4.7 MH with a math coprocessor installed.
This time period consisted of one (1) hour of data input time, two (2) hours
of sensitizing the model to the site’s field observations, and four (4) hours
simulation time. The simulation time entailed running the model
(approximately fifteen minutes {(15) minutes for each run), interpretation and
assessment of the program's output, followed by further simulations after

adjusting various input parameters.
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7.3  Plume Control Case Study

The thesis model’s optimum plume management solution to the
Emerson Electric Company case study is presented in Appendix H.
Comparing the thesis model solution with the consulting 2ngineer's solution
presented in Appendix F, the following differences are noted:

i) The consulting engineers designed an aquifer remediation system
that included five (5) wells pumping at a combined rate of 43 200 US gal/day.
The thesis program determined that the optimum aquifer remediation
system consisted of two (2) wells pumping at a combined rate of 14 000 US
gal/day.

ii) The consulting engineers at the site concentrated all five (5) wells in
the vicinity of the highest observed contaminant concentrations and
predicted that the water table would be lowered by approximately 20 ft. The
thesis program determined that to optimally capture the on-site contaminant
plume, two (2) wells were required and shou'd be positioned as shown in
Figure 6.2. As a result of this well configuration, the thesis model predicted
that the water table would be lowered by approximately five (5} ft.

It would appear that the consulting engineers responsible for designing
the aquifer restoration systern at the Emerson Electric Plant had over
designed their system, and that the thesis program has determined a better
plume management system for the site. Reasons for this conclusion are:

i) The consulting engineers remediation design lowers the water table
fifteen (15) ft further than the thesis program’s design. This means that the
capture zone creaied by the concentrated weii ficld designed by the site

engineers is not flushing any contamination, adhered to the soil matrix or
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present within undrained pore spaces, within the dewatered fifteen (15) ft.
The thesis program's solution has optimized the largest possible capture zone
while minimally dewatering the subsurface.

ii) Due to the long periods of time that the aquifer restoration
pumping system has to be maintained, unnecessary site dewatering, present
in the site engineer's design, could lead to differential settlement and
foundation failure of the Emerson Electric Company’s plant. Settlement
could have the potential for releasing further contamination into the

environment through cracking of subsurface drainage systems or storage

tanks.
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8.0 D RE ENDATIOMNS

The program presented in this thesis is a good pre-design tool to plan a
dewatering or plur.e capture system. Based upon the application of this
program to the case studies presented in Chapter 6, the following conclusions
are made:

i) The program successfully has been applied to a dewatering and
plume management case study and proven useful.

ii) The program simulates a wide variety of observed field conditions
accurately, and has compared well with the solutions of existing flow models.
In utilizing basic equations of groundwater flow, the model’s applications are
not restricted or require extensive data bases, and the use of empirical
parameters, that are determined through experimentation to describe 'black
box' processes, aie not required.

ii) The program is design to be user friendly which greatly reduces
the user time required for data input and manipulation. Attempts have been
made to make the program as visually pleasing and as graphically oriented as
possible for the user. The program's menu system allows the user to advance
quickly to various parts of the program and enter or change parameter values.
The development and incorporation of a spreadsheet greatly reduces the
manipulation time required when managing the many site characterizing
matrices used for finite difference solutions.

Further studies that may improve the computer model are:

i) Development and incorporation of a twn dimensional contaminant
transport procedure that would simulate contaminant travel through the
aquifer from the contaminant source to the capture - 7ells. This would

provide invaluable information to the user regarding predicting aquifer
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restoration pumping times, predicting the water quality changes with time of
collected waste waters, and predicting contaminant concentrations remaining

within the aquifer.
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{$M 65520,0,4000007%
Program menusys}
Uses Crt,Do:,Grnph,globals,hydrosys,lpradlht,solutnyll

procedure Load_spread(sistring80; var armatrixtyrely
var fitext}
Xy 1 intagurg
ts 1 stringB0j
begin
assign{(f,nl}
reasat (1))}
for x 1=1 to matrixsize do begin
for y 1= 1 to matrixsize ¢o begin
raadln(f,ts)}
a*[x,y]l 1= rvalue(ts)}
end} '
and}
close(f)}
ends

function exist(s:stringB0):ibooleang
var t 1 text)
b 1 boolean;
begin
{(8I-3
assign(t,wl?
reset (t);
b 3= (ioresult = 02;
close(t)}
exist 1= b}
end}

procedure Load_spreads;
begin
if exist(sfilename+'.H') then begin
load_spread(sfilenama+’ . H' H)}
end}
if exist(mfilename+’.T’) then load_spread{(sfilename+'.T',T)}
i wxist’ sfilenane+?.8') then lcau_spread(sufilename+’.S',8tor)}
if axist(sfilwname+’.L') then load_spread(sfilename+’.L’,Leakance)}
if datarec.plumeprob Shen begin
if exist(sfi'cname+’ .CON') then load_spread(sfilenams+’.CON’,Contaminant_C
oncentration))
endsp
if datarmc.leaky_artesian_conditions then begin
if exist(sfilename+’.ADK'> then load_spread(sfilename+’ .ADK’,aqtdperm);
it exist(gfilename+’ ADS?) then load_spread(sfilename+’.ADS’  aqtdthickness
b
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if exist(sfilename+'.SUH') then load_upread(siiloname+'.BUH', agtdthickness

¥
end}

if not datarec.confined then begin
if exist(sfilename+’.AQB') then load_spread(sfilename+'.ADB’, aquiferbase)}

endj;

if exist(sfilenamn+’ AGK') then load_spread(xfi.ename+’ ,AQK’,aqfrperm);

if datarec.induced_infiltration then begin
if sxist(sfilename+’.WBK') then load_sproad(sfilena=s+’ . WBK’,waterbodybedp

erm)j

if exist(sfilename+’ .WBS') then load_spread(s’il=name+'.WBS’',waterbodybedt

hk);

if exigt(sfilename+? .WBA') then load_spread(sfilename+'.WBA’ ,waterbodyarea

>

if exist(sfilename+' .WBB’) then load_spread(sfilenase+’.WBB',waterbodybede

lev);

if exist(sfilename+’ .WBE?) then load_spread(sfilenase+’.WBE',waterbodysur{

elev))
endyj
ends;

Procedure Plume_Characteristics;

Const
dwidth 1@
bh
bw
114
sC
title
c

var
ch
ppos
maxnumpar
diff
x

exit_wind

maxwindow
exit_menu
exit
level
exitlev
begin
¢lracry

integer
integer
integer
intaeger
integer

= 103
= 243
= 783
-2'
-2'

stringl30] = ?Plume Characteristics’;

integer

ans

= B3§

charg

integer;
integer;
intager;
integer;
boolean;
integer)
booleant
bool mang
integer;
bool mang

param_box(sr,sc,bw,bh)}

% 12 'Enter the number of rectangular aresas that';
putat ((BO-length(s))shr 1, sr+7,m);

8 1= 'will best outline the plume:’;

putat ((80-length(s))shr 1, sr+8,s);

textcolor

03

textbackground(1);
exit_menu 1= false;

exit 1= f
diffi= 0O}

alse}
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pposi= sr+8;
maxnumparamaoi=1;

level

1= 13

exitlev 1= false;
repeat

casa
1

end}

leval of
: begin
rep

unt
exi
inv
par
end}

until (exitlev)j
datarec.nplume 1= ivalue(parameter[11);
if datarec.no_pumping_w2ils<>0 then begin

*Cnter
"Enter
'Enter

'Enter

aat

gotoxy(57,ppos)}

inum t= datarec.nplumej;

& 1= istringequiv{(inum)}

leni=langth(sl}

londi ffi=2-1en;

inversaon)

for 11=1 to lendiff do begin
write(' ?);

endj

write(s)};

gotoxy(57,ppos}}

& 1= getnum(2,8)}

il (ivalue(s) in [1..101);

tlev 1= truej}

erseoff}

ameter[1) 1= B3

axit_window:= false)

msxwindow:t= datarec.nplumey

windowis 1}
repeat

clrscry}
param_box(sc,sr,bw,bhl)}

putat ((72-length(title))shr 1,sr+l,titled;
putat (wherex--length(title), sr+3,

'Plume characterizing Rectangle #');

writel(window);
putat (sc+2,s8r+6,

x coordinate for top left of plume characterizing rectanglm:
putat (gc+2,8r+9,

y coordinate for top left of plume characterizing rectangle:
putat (sc+2,sr+12,

x coordinate for bottom right of pluze characterizing rectangle:
putat (sc+2,8r+15,

y coordinate for bottom right of plume characterizing rectangle:
diff:= 4y
ppost= gr+6j
levael 1= 1
exitlavy = false;
rapeat

case Jevael of

11

begin
repeat
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gotoxy(74,ppos))
inum 1= datarec.plumelwindowl.ptlx)
8 1= istringequiv{inumiy
leni=length(s);
lendi ffr=2-len;
inverseont
for ii=1 to lendiff do begin
write(' ?),
end}
write(s);
gotoxy (75,ppos);
s 1= getnum(2,s))
until (ivalum(s) in [2..datarec.nc=21) or (lastchar = #72)

if lastch = #72 then level 3= )level-i}

inverseoff)

parameter(C1] 1= x5

end}
2 1 begin

repeat
gotoxy(74,ppos+3);
inum 1= datarec.plumelwindowl.ptly;
& 1= istringequiv(inum)j
leni=length(s);
lendi ffi=2~lgnj
inverseon;
for it=1l to lendiff do beqin

write(' ');
end;
writaeis)}
gotoxy (75, ppos+3)¢

s 1= getnum(2,8)}
until (ivalue(s) in [2..datarec.nr-21) or (lastchar = #72)

if lastch = #72 then level 1= lwvael-2;

inverseoff}

parameter[2] 1= g3

and)
3 1 begin

repeat
gotoxy (75, ppos+6)}
inum 1= datarec.slumeliwindowl.pbri;
s 1= istringequiv(inum)j
lani=langth(s))
leandi ff1=2-1an;
inverszon}
for ji=l to lendiff do begin

wrlite(? ?)j3

end;
write(s)}
gotoxy(76,ppos+6)y
% 1= getnum(2,8);

until (ivalue(s) in [2..datarec.nc-21) or (lastchar = #72)

if lastch = #72 then level 1= level-2;
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inverseoff;
parameter[3] 1= sB;
end}
4 1 begin

rapeat
gotoxy (75, ppos+9);
inum t= datarec.plumelwindowl.pbry}
s 1= istringequiv(inum)j
lani=length{s))
landi ffi1=2-len}
inverseonj
for iv=1 to lendiff do begin

write(? ')

and}
write(s))
gotoxy (76, ppos+9)
s = getnum(2,8);

until ¢ivalue(s) in [2..datarec.nr-21) ci (lastchar = #72)

if lastch = #72 then lavel 1= level-2
else :xitlev 1= truej
inverseoff;
parameterl4] 1= s;
end;
end;
level 1= level + 1
until (exitlev)
with datarec.plumelwindow] do begin
ptlxs= ivelue({parameter [:]);
ptlyt= ivalue(parameter [(2]1);
pbrxi= ivalue{parameter (31);
pbryi= ivalue(parametar [41);
ptrxi=s pbrx;
ptrys= ptly;
pblxi= ptlxs
pblys= pbry;
end}
windowi= window + 1}
if window > maxwindow then exit_window 1= truej
until exit_window]
ends
endj

Procedure Contaminant_Param}

Const
Pwidth 3 integer =10;
bh t integer=24;
bw t integer=78;
sr t integer=2;
8C 1 integer=2;
title : stringl301=’C aminant Arrival Parameters';
c 1 intager=63;
var
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ch 3 chary
exit t boolean;
ppos 1 integery
maxnumparams 1 integerg
diff t integerg
X 1 integer;
exit_windows i booleang
maxwindow 1 integer;
window 1 integers
exit_menu t booleany
lavel 1 intener;
exitlev 1 boolaearnj;
begin
clrscry

")

param_box(sr,sc,bw,bh)}

putat ((80-length(title))shr 1,sr+l,title)}

putat (sc+3,sr+4,'Enter average bulk mass soil density: ?)j

putat (sc+3,sr+6,’Enter avarage aquifar porosity: ')j;

putat(sc+3,s8r+8, "Enter contaminants soil/water partition coaf, (Kd)1 ");
putat (sc+3,ar+10,’Enter Jispersivity value as percentage of travel distance:

putat (sc+3,sr+12,’Entaer contaminants di ffusion comfficiant in s0il: '),
putat ac+3,sr+i14,’Enter time increment for arrival concentrations (days): ')
putat (sc+3,er+16,"TEnter total time for arrivals to be calculated (days): ')
textcolor(0);

textbackground(1l)g

exit_menui=false;

exit:=false;

diffse 23

PPOSI= Srtd;

level 1= 1}

pxitlev 1= false;

repeat
case level of
1 t begin

repeat
gotoxy(ac+42,pposlj}
rnum 1= datarec.bulk_density}
s 1= retringequiv(rnum,63}
lent=length(s)}
lendi ffi=6-lenjg
inverseony
for i1=1 {0 lendiff{ do baegin

write(t '),

ends
write(s);
gotoxy(sc+42,ppos)y}
& 1= gevrumib,sl)}

until ((rvalue(s) >=0.0) and (rvalue(w)<{=939999)) or

(lastchar = #72))

if lastch = )72 then level 1= lave'-1}

inver -—eoff}

parameter[1] t= g3

end;
2 t begin
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repeat
qotoxy(sc+42,ppos+2)};
‘num 1= datarec.porosity;
s 1= retringequivirnum,4)}
lent=length(s)}
lendiffi=md-leng
inverseaeony
for i1=1 to lendiff do begin
writae(? *)g
end;
write(s);
gotoxy{(gc+42,ppos+2)}
s 1= gatnumid4,s)}
until C((rvalua(s) >=0.00) and (rvalue(s)<=1.0)) or
(lastchar = #72);
if lastch = #72 than level = level-2j
inverceoff}
parameter(2] 1= a;
and}
3 1 begin
repeat
gotoxy(sc+56, ppos+d)
rnum := datarec.Kd)
s 1= retringoequivi{rnum,9)j
len:=length(s))
lendiff:=9-len;
inversaong
for it=1 to lendiff do begin
writel(’ ');
end;
write(s);
gotoxy(sc+56,ppos+4)}
s t= getnum(9,8i}
until ((rvalue(s) >=0.0) and (rvalue(s){=999999999)) or
(lastchar = H72)3
if lastch = #72 then level 1= level-2;
inverseoff; .
parameter(3] 1= s§)
and}
4 1 begin
repea*
gotoxy(sc+64,ppos+6)}
rnum t1= datarac.digspersivityy}
s 1= rstringequiv(rnum,4)j}
leni=lengthis))
lendi ffr=4-]len}
inverseong;
for i1=1 to lendiff do begin
write(' ")
end}
write(s)y
gotoxy(sc+65,ppos+6);
% 1= getnum(3,s)}
until ((rvalue(s) >=0.0) and (vvalue(s)<=1.0)) or
(lastchar = H#72);
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if lastch = #72 then level 1= lavel-2j

invarseoff;

parameter[4] 1= g3

end;
Z 1 begin

repeat
gotciy(sc+34, ppos+Bl}
rnum 1= datarec.diffusion;
3 = retringequiv(rnum,93;
lani=length(al)
lendi ffi=S-1len;
inverseons
for iz=1 to lendiff do begin

write(' ')

end}
wilte(s);
gotoxy(sc+54, ppos+Bl}
s t= getnum(9,s8)}

until ({rvalue(g)>=0.0) and ‘rvalue(g)<{x999999999))

or (lastchar = #72),

if lastch = #72 then level 1= lavel-2}

inverseoff;

parameter[S] t= g3

end;
6 : begin

repeat
gotoxy(sc+6l,ppos+10);
inum 1= datarec.timeincrementg
s 1= istringequiv{inum);
lent=length(s);
lendi f{:=6-1en}
invarseong
for i:=]1 to lendiff do begin

write(? ?);

ends
write(=s);
gotoxy (sc+66,ppos+10);
8 1= getnum(ll,s)}

until! (Civalue(s) >= 0) and (ivaluc‘s)<=999999))

or (lastchar = #72);

if lastch = #72 then level 1= level-2;

inverseoff;

paramater[6] 1» 83

end}
7 1 begin

repeat :
gotoxy(sc+61, ppoa+l2)}
inum 1= datarec.totaltime;
8 3= istringequiv(inum))
lent=lengthd(s)}
lendi ff:=9-1leng
inverseon)
for i1=1 to lendiff o~ begin

write(' ?);

end;
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end}
leveal

datarec.Dispersivity

write(s);
gotoxy (sc+&7,ppos+12)}
8 = getnum(15,8);

until ((ivalue(s) >= 0) and (ivalue(s)<=»399999999))

or (lastchar = #72);

if lastch = #72 then leval
plse exitlev 1= truej
inverseoff;

parameter(7] 1= aj
and}

1= leval +1}
until (exitlev))

datarec.Bulk_Density 1=
datarec.Porosity
datarec.Kd

datarec.Di ffusion
datarec,Timeincrement:=
datarec, TotalTime

end;

rvalue(parameter[11)}
rvaly ‘(parameter21));
rvalL ‘carameter(31);
rvalur parameter(41))
rvalue(psrametari3]))
ivalue(parameter(6l))
ivalue(parameterl[71))

Procedure Hydrogeo_Plume_param;g

congt

<
titie
titlel
&C

var
ch

integer=63}

stringl30] = 'Hydrolgeological Parameters’j
stringl30] = "Pumping Well Characteristics'}

integer=3;
integer=2;
integer=70g
integar=22;
integer=10;

char}

level : integer;

exitlev : booleanj

ppos 1 integer;

exit_menu 1 booleang

window t intagery

maxwindow &t intager}

% 1 integer;y

exit 1 bocoleang

parameters: parameterstype)

diff 1 integer)

maxnumparams t integar;

exit_window 1 bouleany
begin

clrucry

param_box{(sr,sc,bw,bh)}
putat ((BO-length(titlel> shr 1, sr+i,title);

putat (sc+d,8r+5,'Is the aquifer confined or unconfined (C/U)7? ')y
putat (sc+4,sr+7,'Do you have leaky artesian conditions (Y/N): '");

81

1= level -2

DR ¥



putat (sc+4,s8r+9, 'Do you

? 1y

putat (sc+4,sr+11,'Enter

putat(sc+d,sr+13,'Enter average site hydraulic gradient: ')j
putat (sc+4,sr+15,’Enter average aguifar thickness: ?)y

textcolor(Q);

textbackground(1l);

level 1= 1}
ppos:= wr+35;

exitlevy := false;

repeat

case level of

1

2

3

H

begin

goluavisc+c—14,ppos)t
& 1= datarec.aquifery
leni=lengthi(s))
lendiffi=1-1len}
inver seon;
for i1=! to lendiff do begin
write(!r Tin
end;
write(s);
repeat
gotoxy(sc+c—14,ppos);
s = geitstr_alphanum(l,s)}

until (((Qlength(s)e=1) and (upcase(sl(1]) in ['C','U'1)) or

(lastchar = #72));

if lastch = #72 then level 1= level - 1;
inverseoff;

parameter[1] 1= upvase(sl1l)}

end;
bagin

gotoxy (sc+50, ppos+2);
st=datarec.laakage;
len:=length(s)j
lendi ffi=l-len;
inver seocnhj
for i:=sl to lerlJiff do begin
write(? *);
end;
write(s)}
repeat
gotoxy(sc+350, ppos+2)}
8 1= getstr_alphanum(l,s)}

until ({C{longth(s>=1) and (upcase(sl1]1) in ['Y','N'])) or

(lustchar = #72));
if lastch = #72 then level 1= level-2;
inverseoff;
parameter{2] 1= upcase(s(1])}

end}
begin

gotoxy (sc+66,ppost+d)}

g 1= datorec.Infiltration;
len:=length(s)}
lendiffi=1-leny
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inver seon;
for it=l to lendiff do begin
write(r ")
endp
write(s)}
repeat
gotoxy(sc+E66,ppos+4)}
€ 1= getstr_alphanum(l,s))
until (((length(sl=l) and (upcase(sL13) in C'Y’,'N’D))
rr (lastchar = #72));
if lastch = #72 then leval 1= level-2;
inverseoff;
parameter[3] 1= upcase(sli]);
and;
4 t begin
repaat
gotoxy(sc+c+1,ppos+E)
inum 1= datarec.no_pumping_wallwj
s 1= istringequiv(inum);
leni=length(s);
lendi 1f:=2-1eny
inverseons
for it=1 to lendif{f do begin
write(' *);
end}
write(s)}
gotoxy(sc+c+2,ppos+6)}
8 1= getnum(3,s)}
until (ivalue(s) in [1..103) or Clastchar = #72);
if lastch = #72 then level 1= level-2;
inverseoff;
parameter (4] 1= 83
ends
S 1 begin
repeat
gotoxy(sc+50,ppog+8);
rnum 1= datarec.average_site_gradient)
s 1= retringequivi(rnum,5);
lent=length(s)}
lendi ff1=5-1len;
inversaon;
for i1=1 to lendiff do begin
write(' ')
end}
write(s)}
gotoxy (sc+350,ppos+B8)}
s 1= getnum(5,u8);
until ((rvalue(s) >= 0.0) and (rvalue(s) <{= 99999.0))
or (lastchar = #72);
if lastch = #§72 then level 1= level-2)
invarseoff}
parameter[5] 1=6}
endjy

6 : begin
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)

repeat
gotoxy (s6c+50, ppos+10);
rnum 1= datarec.average_aquifer_thickness;
s 1= retringequiv(rnum,S5)}
lent=length(s)}
lendi ff:=5-1an}
inverseon;
for ii1=1 to lendiff do
write(®' ');
writae(s);
gotoxy(sc+30,ppos+10);
8 1= getnum(S,5)}
until ((rvalue(s) >= 0,0) and (rvalue(s) <= 99999.0))
or (lastchar = #72)}
if lastch = #72 then level 1= level-2
else exitlev 1= trumg
inversaoff}
parameter[E] 1=s5}
end)
and}
level 1= level+l;
until C(exitlev);

datarec,. aqui fer 1= parameter(il;
datarec.Leakage 1= parameter[2]}
datarec.Infiltration 1= parameter(31; )
datarec.no_pumping_wells 1= ivalue(parameter(4]);
datarec.Average_Site_Gradient 1= rvalue(parameter(S51);

datarec.average_aquifer_thickness 1= rvalue(parametar(6]);
Case datarec.aquifer[l] of

rgc?, et 1 datarec.Confinedi=true;

'Ur,Tut 1 datarec.Confinedi=false;

end;
Case datarec.Leakage[1] of
ty?,'y’ 1 datarec.Leaky_Artesian_Conditionsi=truej
IN?,'n’ 1 datarec,Leaky_Artesian_Conditionsi=falsej
end}

Case datarec.Infiltration[i] of
'y!,ty? 1 datarec.Induced_Infiltrationi=true;
*N?,’'n' 1 datarec.Induced_Infiltrationi=falsej}
end;
clrmcrg

if datarec.no_purping_wells <> O then begin

axit_windowt= false;

maxwindowt= datarec.no_pumping_wells)

window:in 1j

rapeat
clrucry
param_box(sr,sc,bw,bh+2)}
putat ((BO-length(titlel)) shr 1 , mr+l,titlel);
putat (wherex-length(titlel), sr+3,’Pumping Well #')}
write(window);
putat (sc+2,8r+7,'Pumping Rate: ')}
putat (sc+2,sr+9, 'Enter Maxiomum Percent Dewatering of Available Yield: '

*
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putat (sc+2,sr+11,'Enter x coord for top laft corner of search area: T

putat (sc+2,s8r+13, 'Enter
putat (sc+2,sr+15, 'Enter

coord for top left corner of search area: "))
coord for bottom right corner of search area

» N

putat (sc+2,sr+17,’Enter y coord for bottom right corner of search area

diffr= 2;

ppost= sr + 7;
level 1= 1j
axitlev 1= false;

repeat

cass level of
1 1 begin

9.99))

2

3

repeat

gotoxy(sc+21,ppon)}

rnum 1= datarec.wellnolwindowl.well_pump_ratej

& t= vstringequivirnum,6))

leni=lengthis)}

lendi ffi=6-leny

invarseon;

for it=} to lendiff do begin
write(®* ");

end;

write(s);

gotoxy(sc+21,ppos);

s t= getnum(b,s)}

until ((rvalue(s) >z ~9999999,99) and (rvalue(s) <= 599399

or (lastchar = #72);

if lastch = #72 then level 1= level-i}
inverseoff;
parameter[1] = g;

ends

begin

repeat

gotoxy(sc+57,ppos+2);

roum 1= datarec.wellnolwindowl.percent_dewater}

s 1= rstringequivirnum,6); '

leni=lengthis);

lendi ffi=6~lun;

inverseong

for i1=] to lendiff do begin
write(' ');

end;

write(s);

gotoxy(sc+57,ppos+2)}

% 1= getnum(6,s)}

until ((rvalue(s) >= 0.0) and (rvalue(s) <= 1,0))

or (lastchar = #72);

if lastch = #72 than laval 1= level-2j
inverseoff;

'end;
begin

parameter{2] 1= s;

repeat
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gotoxy(ec+61l,ppos+d)}
inum 1= datarec.wellnolwindowi.tlx}
s 1= istringequiv{inumly
leni=length(s)}
lendi ffi=2—-1eng
inverseon}
for ir=l to lendiff do begin
write(® ')
end}
writed(s);
gotoxy (sc+62, ppos+4))
s 1= gatnum(3,s)} .
until ({rvalue(s) >= 2,0) and (trunc(rvalue(s)) <{= datarec
.Nnc—2))
or (lastchar = #72);
if lastch = #72 then level 1= level-2;
inveraswmoff;
paramater(3] 1= u;
end}
4 3 begin
raepeat
gotoxy(sc+61,ppos+E)}
inum 1= datarec.wellnolwindowl.tly}
& 1= istringequiv{inum);
. lani=lengthis))
lendi ffi1=2-leng
inverseon;
for it=1 to lendiff do begin
write(? 13
endg
writal(s)}
gotoxy(sc+62, ppos+6)}
. e 1= getnum(3,s)}
until ({rvalue(s) >= 2,0) and (trunc{(rvalue(s)) <= datarec
TNr=23)
or (lagtchar = #72)
if lastch = #72 then level 1= level-2;
inverssoff;
parameterl[4] 1= g3
end}
S & begin
repeat
gotoxy(sc+61,ppos+8);
inum 1= datarec.wellnolwindowl.brx}
s 1= jistringequiv(inuml}
leni=lengthin))
lendi ffi=2~1lenj
inverseonjg
for i1=1 to lendiff do begin
write(? ');
endj
write(s)}
gotoxy(sc+62,ppos+8)}
% 1= getnum(3,s);
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until ((rvalueds) >= 2,0) and (trunc(rvalue(s}) <= datarec
ne—2))
or (lastchar = §72);
if lastch = #72 then level 1= level-2;
inverseoff}
parametaer (5] = g3
endj
& t begin
repeat
gotoxy(sc+61,ppos+10)y
inum 1= datarec.wellnolwindowl.bryj
s 1= istringequiv(inum)y
lent=langthis))
lendi ffr=2-1an
inverseonj
for 11=1 to lendiff do begin
write(' *);
ends
write(a);
gotoxy(sc+62, ppos+10);
8 1= getnum(3,s);
until ((rvalue(s) >= 2.0) and (trunc(rvaluei(s)) <= datarec
“Nr=23)
or (lastchar = #72);
if lastch = #72 then level 1= level-2
else exitlev 1= true;
inverseoff}
parameter[6] 1= gj
end;
ands
level := level+);
until C(exitlev);
with datarec.wellnolwindowl do begin
wall_pump_rate:= rvalue(paramater(1])}
percent_dewater 1= rvalue(parameter[2])}
tlxi= ivalue(parameter(31);
tlyt= jvalue(parameter[4]);
brxi= ivalue(parametaer{51);
bryi= ivalue(parameterC&1)}
trx 1= brx;
try 1= tly;
blx 1= tlx}
bly 1= bryj
end}
window:m window + 1}
if window > maxwindow than exit_window 1= truej
until exit_window}
end;
end;

Procedure Finite_Param;

Const
Pwidth 1 integar =10;
bh 1 integar=22;
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bw 1 integer=72;
sr 1 integer=2)
sC 1 integer=5}
title : stringl30)='Finite Difference Parameters';
c : integers=63}
var
ch 1 char}
exit 1 boolean;
pPpoO® 1 integerj
maxnumparams t integerg
diff 1 integer}
X t integer;
exit_windows 1 boolwan)
maxwindow t integers
window 1 integer}
axit_menu 1 booleanj
level 1 integer)
exitlev 1 boolean}
begin
clrscr}

param_box{(sr,sc,bw,bh))

sr 1= sr + 13}

putat (¢80-length(titla)dahr 1,sr+i,titled;

putat (sc+d4,sr+3,'Enter total number of nodes in x—direction: ')j

putat (sc+4,sr+5,7Enter total number of nodes in y-directiont ')y

putat (sc+4,sr+7,’Enter number of time steps in simulationi ');

putat (sc+4,sr+9,'Enter initial time increment (days): *))

putat (sc+d4,sr+l11,’Enter tolerance for f.D. convergence criteria (1-0.001): ')

putat (sc+4,sr+13,'Entar anisotropy factor (ty/tx): ?)y
putat(sc+4,sr+15,'Enter distance of grid spacing: ’);
textcolor(0);
textbackground(1)}
exit_menur=fal+4a}
exiti=false)}
diffi= 2;
ppos:= sr+3j
lavel 1= 1}
axitlev = falsej
repeat
case level of
i 1 begin
repeat
gotoxy(sc+48, ppow)
inum 1= datarec.nc)
s 1= istringequiv{inum);
lant=lengthi{s)}
lendi ffr=2-len;
inverseonjy
for it=l to lendiff do begin
write(’' ™))
and}
write(s)}
gotoxy(sc+48,ppos)}
s 1= getnum(2,8))
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until (ivalue(s) in [1,..30]) or (lamtchar = #72))
if lastch = #72 then level = loval-1)
inverseoff}
parameter{1] 1= g;
end;
2 : begin
repeat
gotoxy (sc+4B8, ppos+2);
inum 1= datarec.nrj
s 1= istringequiviinum);
lent=lengthis);
lendi ff1~2-1l@n}
invarseong
for i1=] to lendiff do bagin
write(' ?);
and}
write(s);
gotoxy (ac+4B,ppox+2)}
s 1= gaetnum(2,8);
until (ivalue(s) in [1..50)) or (lastchar = #72);
if lastch = #72 then level 1= laevel-2;
invarseof fy
parameter (2] 1= g3}
end}
3 1 begin
repeat
gotoxy(sc+46,ppos+4)}
inum t= datarec.nsteps;
5 1= jlatringegquivi(inum);
lent=lengthi(s);
landi ffi=4-lan;
inverseong
for ii1=1 to lendiff do begin
write(’ "),
end}
write(s)}
gotoxy(sc+45,ppos+4)}
s = getnum(d,s);
until ({ivalue(s)>=1) and (ivalue(s)<{=999999))
or (lastchar = #72);
if lastch = #72 then level 1= level-2;
inverseoffy}
paramater[3] 1= a;
wnd}
4 t begin
repeat
gotoxy (sc+4l,ppeu+b)y
rinum 1= datarec.deitag
s 1= retringequivirnum,8)}
leni=lengthis)};
lendi ffi1n6-len}
inverseonj
for i3=1 to lendiff do bagin
write(' ")y
end}

89



write(e)s
gotoxy(ac+41,ppos+t);
5 1= gatnum(6,8)}
until ¢(rvalue(s) >=0.0) and (rvalue(s)<=99999.9)) or
(lastchar = #72);
if lastch = #72 then level 1= level-2;
inversecff}
parameter[4) 1= =3
andy
% 1 begin
repeat
gotoxy (sc+60,ppos+8))
roum 1=datarec.errorjg
s 1= rutringequivi{rnum,6)}
lani=length(s)}
lendi {f1=6-1lmnj
invearseon)
for ii1=}] to lendiff do begin
write(’ ')}
end;
write(s))
gotoxy (sc+60, ppos+B8) }
s 1= getnua(b,s)}
until ((rvalue(s)>=0.0001) and (rvalue(s)<{=1))
or (lastchar = #72))
if lastch = #72 then level := lavel-2;
inverseof{)
parareter(S5) = sj
end}
& 1 begin
repeat
gotoxy(sc+37,ppos+l0)}
rnum 1=datarec.anfctrj}
% 1= retringequiv(rpum,6)}
lent=langth(s)}
lendiff1=6-1mnj
inverseaon}
for it=]l to lendiff do begin
write(' ")
ends
write(s)y
gotoxy (sc+37,ppos+10))
s 1= getnumiG,s))
until ((rvalue(s)>=0.1) and (rvalue(s)<=1.0))
or (lastchar = #72))
if lastch = #72 then level 1= levael-2;
invearseoff}
parametar(6] 1= u}
end;
7 1 begin
repeat
gotoxy(sc+36,ppos+12);
roum 1= datarec.del xy)
s 1= rstringequivi(rnum,b)y}
leni=length(sl}}
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landi ffi1=6-]any
inverseons
for i1=1 to lendiff do bagin
write(’ *)
and}
write(a)
gotoxy(sc+36,ppos+12)}
% 1= getnum(G,s)}
until ((rvalue(s)>=0.0) and (rvalue{s)<{=999999))
or (lastchar = #72))
if lastch = %72 than lavel 1= lavel-2
s#lxe axitlev 1= true;
invarseoff)
puraneter(7] = w)
end}
andj :
lavel 1= lavel+lj
until C(exitlev))
datarec.nc = ivalus(parameter(il);
datarec.nr i= ivalus(parameterl(2]);
datarec.nsteps t= ivalue(parameter(3])j
datarec.delta 1= rvalue(paramateri4]);
datarsc.wrror 1= vvalus(parametar(5));
datarec.anfctr := rvalus(parameter(5]l);
datarec.delxy 1= rvalus{(parameter(7]);
if datarec.anfctr = 1,0 then anisotropic 1= falme
rlee anpimotropic 1= true}
end}

Procedure Plume_control _manuj
Var .
Exit_Plume_control _menuiboolmanj
sel 1 integer; :
Begin
Exit_Plume_control_menut={alsej
Mainmenui=false;
Repeat
inverseoff}
ClrScry
Sri1=2j
Bcin7y
Bwi =69}
Bhi=24;
Box(sr,mc,bw,bh);
Datarec.Plumaprobi=trum;
Optionsl1li=!Input Parametmrs for Finite Difference Approximation "
Dptionsl21:=' Input Hydrogeologic Paramsters for Plume Investigation ]
Options[31i1=' Input Parameters for Contaminant Arrival Concentrations '3
Options(4)1='Create Characterizing Arrays Used in F.D. Approximaticns '3

Options[S11=Input Plume Characterizing Parassters 'i
Options(6):='Bagin Optimum Well Configuration Search for Flume Capture’;
Options[7]i1='Solution Summary 's

Titlestri="PLUME CONTROL MENU';



Eeli=menu_bar (titlestr,options,7);
New(Contaminant_Concentration);
For i 1= 1 to matrixsize do

for j t= 1 to matrixsize do

Contaminant_concentration~li, jl 1= 0.0y

case sel of
1 finite_param)
1t hydrogeo_plume_paramj
t contaminant_paramg
1 Begin

spread_sheet (datarec.nr,datarec.nc,sfilenase+’ . H','Hater Head Ele
vation Array'’)j;

spread_shest {datarec.nr,datarac.nc,sfilenanw+’.T?,'Transmisivity

AN~

Array')}
spread_sheet (datarec.nr,datarec.nc,sfilename+’ .57, 'Btorativity Ar
ray'))
spreww_shest (datarsc.nr,datarec.nc,sfilename+’.L','Leakance Array
l),
spread_sheet (datarec.nr,datarec.nc,sfilenane+’ ,CON’,’Contaminant
Concentration Array');
if datarec.leaky_artesian_conditions then begin
New(rlac)jg
New(aqtdparm);
New(agtdthickness)}
New{source_unit_head)}
New(ql);
For i 1= | to matrixsize do begin
For j 1= 1 to matrixsize do begin
rlac~ii, jl1=0.0y
aqtdperm~{i, $1:1=0.0;}
aqtdthickness~(i, j1:=0.0;
source_unit_head”~[i, jl1=0.0;
ql~Li, J1:=0.0
end}
ends
spread_sheet (datarec.nr,datarec.nc,sfilenamet+’ ,ADK’,'Aquitard H
ydraulic Conductivity Array'’);
spread_sheet (datarec.nr,datarmc.nc,sfilename+’ . ADS','Aquitard T
hicknass Array'))
spread_sheet (datarec.nr,dotarsc.nc,sfilename+’ .5UH', ' Source Uni
t Head'))
andt
if not datarec.confined then begin
Nawlagqfrperalj}
New(aqui ferbasal)
For i 1= 1 to matrixsize do begin
For J 1= 1 to matrixsize do begin
agqfrperma™~li, j11=0,0y
aqui ferbase~(i, J11=0.0y
and}
and}
spread_sheat (datarec.nr,datarec.nc,sfilename+? , AGK' , "Aqui fer
Hydraulic Conductivity Array')g
spread_shwet (datarec.nr,datarec.nc,sfilenase+’ . AQB’, ' Aqui fer
Base Arrvay');
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and;
if datarec.induced_infiltration then begin
New(iir)g;
New(qi )}
Nevw{waterbodysur felev);
New(Waterbodybedparm)
New(Waterbodybadthk);
Newi{Waterbodyarea);
New(Waterbodybedelev)
For 1 1= 1 to matrixsize do begin
For j 1= 1 to matrixmize do begin
iir~Li, J31=0,0;
ui~Ci, J)1=0.0;
wvaterbodysur felev~[i, j11=0,0;
waterbodyhedpera~Ci, j11=d.0)
wvaterbodybedthk~[i, jl1=0,03
waterbodyarea~(i, jl1=0.03

waterbodybedel v ii, j11=0,.0}
end}

end;
spread_sheet (datarec.nr,datarec.nc,sfilenane+! . WBK' , "Hater
dy Bed Hydraulic Conductivity Array'’)j
spread_sheet (datarec.nr,datarec.nc,sfilename+’ . NBS', 'Hater
dy Bed Thickness Array'’)j
spread_sheet (datarec.nr,datarec.nc,sfilenama+’ . WBA? ,"Hater
dy Area Array');
spread_sheret (datarec.nr,datarsc.nc,sfilenans+? .WBB', 'Hater
dy Base Elwvation’);
spread_sheet (datarec.nr,datarec.nc,sfilename+’ . WBE','Hater
dy Surface Elevation Array')j
snd}
LOAD_SPREADS;

For i 1= 1 to matrixsize do
For j 1= 1 to matrirsize do
Hprime~[i, jli=H~[1i, j)}
endj
S : Plume_Characteristics; '
6 1 begin
load_spreads}
Draw_Search_Grid(datarec.nr,datarec.nc’}
end}
7 1 Pluma_Solution_Summary)
wlse Exit_Plume_control _asnui=true;
end}
Until exit_plume_control _menuj
End};

Procedure Devataring_menuj

Var
Exit_Dewatering_menu : booleantg
sel ! integer;

Begin
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Exit_Dewataring_menui=false)
mainmenut=false;
datarec.Plumeprocbi=fal ae)
datarac.dewateringprobi=true;
Repeat
Inverseoff}
ClrScr)
Srim4;
Scin7}
Bui =59}
Bhi=21}
Box (sr,sc,bw,bh))
Options(1l:='Inpu. Parametars for Finite Difference Approximations L
Optionsf2]1='Input Hydrogmologic Parameters for Devataring Investigation’;
Options[3l1='Create Characterizing Arrrys used in F.I. Approximations '
OptionsC4)1=’Bagin Optimum Well Configuration smarch '
Options(3]t=?Golution Summary '
Titlestri="DEWATERING MENU' )
Seli=Menu_bar(titlestr,options,5);
case sal of
1 1 finite_paramg
2 t hydrogeoclogical _paramj
3 & begin
spread_shest (datarec.nr,datarec.nc,sfilename+’ .H', 'Water Head El
evation Array')j;
spread_sheet (datarec.nr,datarec.nc,sfilename+’.T?,'Transmisivity

- ..

Array'’))

spread_sheet (datarec.nr,datarec.nc,sfilenama+! 57, 'Storativity A
rray'’);

spread_sheet (datarec.nr,datarec.nc,sfilenamae+’.L’,'L=sakance Arra
y'?s

if datarec.leaky_artesian_conditions then begin
New(rlac)}
New(aqtdperm)}
New(agtdthickness);
New(source_unit_head)}
Newl(ql)y
For { 1= 1 to matrixsize do begin
For j 1= 1 to matrixsize do begin
rlac~li, j1:1=0,04
aqtdperm~[i, }11=0.03;
aqtdthickness~{i, j1:=0 3,
source_unit_head~[i, jJ1=0.0;
ql~fi, j31=0.0
end}
end}
spread_sheet (datarec.nr ,datarec.nc,sfilename+’.ADK’,'Aquitard
Hydraulic Conductivity Array’)j
spread_shewt (datarec.nr,datarec.nc,sfilename+’ ,ADE!, 'Aquitaro
Thickness Array')j
spread_sheet (datarec.nr,datarec.nc,sfilenama+t+?’ .SUH*, ' Bource U
nit Head')y
end}
if not datarec.confined then begin
New(aqfrpesrm)}
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New(agui ferbasne);
For i 1= 1 to matrixsize do begin
For j 1= 1 to matrixsize go begin
agfrperm~Ci, j1:1=0,0;
aqui ferbase~li, jl1=0,0;
end}
end;

spread_sheet (datarec.nr,datarec.nc,sfilename+’ . AQK' , " Aqui fer

Hydraulic Conductivity Array'’)j;

spread_sheet(dataruc.nr,dntarcc.nc,lfillnlmn+'.ADB','Aquifar

Base Array’);
andj
if datarec.induced_infiltration then bogin
New(iir);
New(qi i}
New(waterbodysur falev)
New(Waterbodybedparm))
New(Waterbodybadthk))
New{Waterbodyarea)}
New(Wateruodybedelaev);
For i 1= 1 tc matrixeize do bagin
For J 1= 1 to matrixsize do begin
ir~Ci, j1:=0,04
qi~Ci, jl:=0.0;
waterbodysur felev~[i, jl1=0,03
waterbodybedperm~Li, j11=0.0;
waterbodybedthk~[i, j11=0.0}
waterbodyarea~(i, jl1=0,0;
waterbodybedelev~[i, j1:1=0.0;
end;
end}
spread_sheet (datarec.nr,datarec.nc,sfilename+’ .WPK?, ' Hatear
dy Bed Hydraulic Conductivity Array'’);
spread_shest (datarec.nr,datarec.nc,sfilenama+’ .WBS?, 'Water
dy Bed Thickness Arvay');
spread_sheet (datarec.nr,datarec.nc,sfilename+’' .WBA’, ' Hater
dy Area Array');
spread_sheet (datarec.nr,datarec.nc,sfilenamn+’ .WBB’, 'Hater
dy Base Elevation’)j
spread_sheet (datarec.nr,datarec.nc,sfilename+’ .WBE', 'Water
dy Sur face Elavation Array'l;
end}
LOAD_SPREADS};

For i 1= 1 to matrixaize do
For 3 1= 1 to matrixsize do
Hprime~Li, jle=H~[i, j1}

and;
4 1 draw_search_grid(datarsc.nr,datarec.nc))
5 : dewatering_solution_suinmaryjp
else Exit_Dewatering_menui=truej
end}
Until exit_dewctering_menuj
Endj
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procedure initialize_ load_input parameters;
(load from sfilename.DAT}
begin
data_created 1= true;
end}

Procedure Initialization_menyj

Const
mc 1 integer = 2j
ar t integer = 3)
bw 1t integer = 73§
bh @ integer = 23j
c 1 integer = £3;
Var
ch 1 char}
% t integerg

ppos t integerg
status 1 integer;
Hegin
maxnumparams 1= 2;
ClrScry
Init_Box(sc,sr,bw,bh);
putat (sc+5,8r, "1} Enter Project Name {Maximum 8 Charactersl): ");
putat (mc+5,8r+2,
'2) Select Unit System that you would like to use throughout ');
putat(sc+B,sr+3,'this program (M-Metric, I-Imperial, U-United States):’);
putat (8c+30,s5r+7,'# Units #’);

putat (sc+28,sr+2, Metric Imparial United States');
putat (sc+3,8r+10,

'Hydraulic Conductivity m/day gal /day/sq. ft gal /day/sq. ft');
putat (sc+3,sr+11,

'Withdrawal Rate Cu. m/day gal /day gal/day 'J;
putat (sc+3,sr+12,

'"Transmissivity sqQ. m/day gal/day/ft gal /day/ft");
putat (sc+3,8r+13,

rDistance m ft It
putat (sc+3,sr+14,

'"Time day day day?’ )
putat (ec+3,sr+13,

'Recharge Q. m/day gal/day/ft gal /day/ft?);

textcolor (0)}
taxtbackground (1)}

ppos 1™ Sr}
gotoxy(sc+c—11,pposly

s 1= 'Filename "}
inverseong

write(s))
gotoxy(sc+c=-11,ppos)}

8 1= getstr_alphanum(8,%);
inverseoff;
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name ;= 8}
sfilename t= s
assign(datafile,sfiluname+’ .DAT');
{$I-2
reset(datafilely
{$I+2
status t= loresult;
if status <> O then
begin
rewrite(datafilely
With datarec do begin
units
plumeprob
dewateringprob
nc
nr
nsteps
delta
error
anfctr
delxy
aqui fer
confined
leakage
Leaky_artesian_Conditions
Infiltration
Induced_Infiltration
no_pumping_wells
For it1=1 to no_pumping_wells do begin
With wellnolil do begin
well_pump_rate
percent_dewater
tlx
tly
brx
bry
trx
try
blx
bly
endj} {withl
end} {for}
no_dewatering_cntrl_points
For it=1 to no_dewatering_cntrl_points
With control_Pointli] do begin
cpxcoord
cpycoord
cphead
cpH_range
end} {with)
endj {il
Average_site_gradient
Average_aquifer_thickness
Bul k_density
Porosity
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MYy
false}
falsm
S03
503
36503
23
0.013
1.0y
509
’ cl ’
true;
TN,
false;
TN';
false;
104

500,
0. 25}
1423
in2;
i#2+1
1241
brxp
tlys
tixg
bryj

g= 103

do begin

tm 1+2;
= i+2;
= 130
= =11

2.5

30.0;

2.3t
0.30;



Kd

Dispersivity

Di ffusion

Timeincrement

Totaltime

nplume

For it=1 to nplume do begin
With plumelil) do begin

ptlx
ptly
pbrx
pbry
ptrx
ptry
pblx
- pbly
endy {with?}
and; {for}
endj {with Datarec)
end; {if status?}
if status = 0 then
begin
read(datafile,datarec)}
load_spreads;
endp

datafopen 1= truej
gotoxy(sc+c—1,ppos+3)}
inverseong
s 12 datarec,units}
write(s);
repeat

gotoxy (sc+c—1i,ppos+3)}

8 1= getstr_alphanum(l,s)}

1=
1=
1=
1=
1=

0.00;
0.10;
0,0000023}
23
3650;
10;

12}
in2}
i%2+1y}
in2+1;
pbrx}
ptlys
ptlxg
pbry)

until ((length(s)=1) and (upcase(s[i]) in LM, 717 ,7U10)

inversacff)
datarec.units 1= 83

if sfilenamed<>??! then initialize_load_input_paramaters;

cloge(datafile);
datafopen 1= false;

End;

Procedure Quit)

Var

answer § charjy

Begin

clrucry
if data_created then begin
repaat
clrscry

putat (12,10,'Would you like the updated data file for '

+afilename+ ' saved (y/n)? ")}
answeri= readkey}
until CupcaseCanswer) in [7Y','N'1)
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clrscry
case upcaselanswar) of
'Y* 1 begin
putat(21,12,'Saving data file’);
save_data_Tfile

clrscry
end;
TN & clrscrg
andj
end}
Reprat
ClrScr)

Putat(21,12,’Do really want to quit (Y/N)?'))
Answer i=readkey}
Until (upcase(Answer) in [?Y?,"'N']);
Case upcase(Answer) of
"Y' 1 Begin
ClrScr)
exit_main_menu 1= true;
End}
fN' 1 begin
Clrscr)
exit_main_menu 3= false;
end;
End}
End}

procedure MustHaveSname;
var
wx,wy t integerj
ch 1 chary
begin
wx t2 wherex;
wy 1= wherayj
8 1= 'Sorry! You must first LOAD/INITIALIZE DATA';
putat ({(B4-length{s)) div 2,24,8);
del ay (200003
gotoxy(l,wherey);
clreols
while keypressed do ch := readkey;
gotoxy(wx,wyd}
end}

Procedure Main_menuj
var sel 1 integer}
Begin
exit_main_menu 1= false;
Mainmenus: =true}
Repeat
inverseoff;
Clrscr;



sri=3}

ac1=18}

bwi=48;

bht =20}

Box (gr,sc,bw,bh}y

Optionsf1):= 'Load/Initialize Data')
Options(2]s= 'Dewatering 'y
Optionsf3]i= *Plume Control '3
Optionsid4li= 'Guit L
Titlestr 1= TMAIN MENU';

sel 1= Menu_bar (titlestr,options,4);
caae sel of

1 ¢ initialization_menuj

21 if sfilename<>'’ then dewatering_menu
slse musthavesname}

31 if sfilename<>'’ then Plume_control_meanu
else musthavesname)

4 1 guit)

alse

quit}
and}
until exit_main_menuj

Endj

Procedurs Title_Screen)

Const
Intro 1t stringl70]1 =
' s Dptimum Well Management for Plume Control and Dewatering =';
Credit 1 string(70] = 'by Robert J. Hyde tcopyright 1990)7;
Instr 1 stringl70] = 'Press Any Key To Continue’}
P t stringl%] = 'P';
Type
Array_Type = Arrayll..10,1..2] of integer;
Var
A,B,C,D,E,F 1 Arvay_Type;
Ch t Charg
Begin
ClrScry
Initgraphigd,gm,'ct\tp’ )}
delay (5000}

SetFillStyle(8,1)}
SetLinestyle(0,0,1);

AC1,1]1=30}

AC3, 111m2735;
BL1,111=295;
BL3, 111=600;
CL1,12:=303

CL3,1):1=275;
DL1,12t=295;
DL3, 111500}
Ef1,1]12295)
EL{3,1]1:=350;
E(S,111=420)

ALl,22:=50;

AL3,2])1=100}
BL1,2)1=50)

BL3,211=100)
Cl1,221=100}
CL3,2]11=160;
D(1,21=100¢
pDL3,2hi=160}
E[1,2):=128;
ECL3,211=134}
ELS,211=1503

AL2,121=30)

Al4, 111=275)
BC2,111=295;
Bl4,11:1=600;
CL2,131=30;

Cl4,113=275;
DL2,111=295;
pL4,131=600;
EC2,11:=500;
EC4, 11:=580;
EL&, 1]:1=500y
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AL2,211=1003
AC4,211=50;

B[2,21t %1005
BC4,211~50}

c(2,231 =160}
Ci4,211%100}
DL2,2)1=1603
DE4,2]11=100)
EC2,201=525)
EL4,2)1=145)
ELE,2)1 =155;



EL7,111=295; EL7,2]1=140;
FL1,123=275; FL1,201=128; FL[2,101=50; Fi2,211=118}
FL3,131=220; F[3,211=135; Fi{4,111=100; F{4,2)}1=145;
FL5,11:=150; FI[S,21:=150; FL[6,11t=70; F[6,2]1=155;
FL7,111=3275; F(7,2]11=140;
DrawPoly(4,A); FillPoly(4,A); DrawPoly(4,B); FillPoly(4,B);
SetFill1Style(10,1);
DrawPoly(4,C); FillPoly(4,C)y DrawPoly(4,D); FillPoly(4,D)}
Line(275,35,275,100);
Line(275,3%,295,35);
Line(295,35,295,100);
SetLineStyle(1,0,1))
Line(275,100,275,160)
Line(295,100,295, 1603}
SetLineStyle(0,0,1);
Line(27%,160,295,160)
SetTextStyle(i,0,1);
OutTextXY (20,160, Introd;
SetTextStyle(0,0,1);
OutTextxy(230,180,Craedit)}
OutTextxy (200,188, Instr)}
SetFillStyle(l,1)}
DrawPoly(7,E)}
FillPoly(7,E>;
DrawPoly(7,F))
FillPoly(7,F)}
Line(280,35,280,10);
Line(290,35,290,15);
Line(2B80,10,500,10)}
Line(290,15,3500,15);
Circlet¢530,12,30);
SetTextStyle(1,0,1);
DutTextxy(526,3,P);
Line(560,10,590,10);
Line(560,15,590, 152}
while keypressed do ch t= readkey}
cht=readkey)
RestoreCrtMode;
delay(900)}
End;

Begin
clrscrg
Title_screeny
Main_Menu;
clrscry

End.
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unit globalsj
(SE+)}
{EN+)

inter face
uses dos,crt,griohy

Const
Maxnumoptions = 10;
matrixsize = 103
itmin - 53
itmax = 5003
gd 1 integer = (s}
gm 1 integer = 23
Type
stringB0 a string [BO);
integertype = integerg
Titlestrtype = gtring (B0
param_type = gtring [10];
Windowtype = array(l..10000] of Byte;
Windowptr = ~“Windowtype}

picturepntrtype= arrayl1..%000] of bytm}
picturaepntrtype2= arrayl1..20000] of byte;
picturepntr = arrayl1..10] of ~picturepntrtype;

matrix = array (l..matrixsize,l..matrixsizel of real}
parameterstype = arrvay [1..10] of param_typej
optionstype = array [l..maxnumoptions] of string {601
matrixtype = ~matrix}
datarectype = record
units 1 stringB0;
plumeprob t boolean
dewateringprob : boolwany
nc,nr 1 integery
nsteps 1 integer}
delta t realy}
maxconc 1 realj
error 1 realy
anfctr t reals
delxy 1 raaly
aqui fer t string [BOJ;
confined 1 booleang
Leakage 1 atringBO;
Lewaky_ Artesian_Conditions 1 booleanj
Infiltration t string80;
Induced_Infiltration 1 boolean)
no_pumping_wells 1 integery
wellno t arrvay {1..10) of record
x 1 integery
y 1 integer;
xrad 1 real}
yr ad 1 raal}
xradius 1 realj
yradius t realy
maxxrad 1 realy
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eger;

eger;

control _point

Bulk_density

Average_site_gradient
Average_aqui fer_thickness

porosity

Kd
Dispersivity
Diffusmion
Timeincrament
Totaltime
nplume

plums

endy; {(record?}
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and;
no_dewatering_cntrl_points

maxyrad
maxxl
maxyl
conc
concx
concy
bestdist
time
concentration
tlx

tly

brx

bry

trx

try

blx

bly
xnlines
ynlines
well_dot

search_coord

well _pump_rate

percent _dewater @

real)

integer)

integer;

real)

integer;

intager)

realj

array [1..100] of realj
array [1,.100] of rmal;
integer)

integar;

integer)

integer)

integar)

intager;

integar;

integer;

integer;

integer;

array [1..5,1,.5) of int

array [1..5,1..5) of int

realy
real)

{well_no record}
1 integertype)
array [1..10] of record

cpxcoord 1t integerg

cpycoord
cphead

t intager;
1 realy
cpH_range irealg

end; {Control _point record)
t real)
t real)
t realg
$ rmal)
1 realj
T real)
1 realy
1 integer;
1 integer)
1 integer;
array [1..10] of record
ptlx 1 integer;
ptly 1 integer;
pbrx 1 integer)
pbry t integer;
ptrx 1 intager)
ptry 1 integer)
pblx 1 integer)
pbly t integer;
end; {plume record}



datarec
datafile
datafopen

1
storagefctr
wallpntr
alipsepntr
inum

lnum

roum

lan

landiff

24

Xasp

yasp
MAXNUMPAr ams
mainmanu
titlestr
options
numoptions
sel
sfilename
ur, 8c,bw,bh
escutatus
pwidth
lastchar

1m
exit_main_menu
mxit_swmarch
ch

parameter
paramtext
window
maxwindow
anisotropic
wall dry
max_no_wells
data_created
project_name
vspace
hspace

XC,¥C
xrad,yrad, xcenter ,ycenter
i.4
Txavg_up
Txavg_down
Tyavg_right
Tyavg_left
Txavg

Tyavg

Kavg

Rx,Ry

Amount _dewvatered
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datarectypeg
file of datarectype;
boolmany
stringBC;
raealy
~picturepntrtype2)
picturepntry
integer;
integer;
reals
integer)
integer)
integer}
wordp

word}
integer}
booleanty
titlestrtype)
optionstypej
integer)
integer;
stringB80;
integer;
integer;
integer)
chary

word}
Boolean;
boolwany
char)
paransterstype;
array [1..10) of boolman;
integer;
integer;
booleans
boolean;
integer;)
booleang
stringB0;
real)

real}

array [1..10) of intager;
integer;
integer;
reals

realg

real;

realj;

realy

real}

raal)

real)

rwalj



XY, YY t integer)
reg 1 registers;
name t stringB0)
Xy ¥ 1

rlac 1t matrixtype;
Contaminant_Concentration s matrixtypmg
aqtdperm t matrixtypm}
agqtdthickness t matrixtype
iir 1 matrixtype)
source_unit _head 1 matrixtype;
ql 1 matrixtype}
agfrperm 1 matrixtype)
qi 1 matrixtype)
waterbodysur felev t matrixtypsy
waterbodybedperm 1 matrixtypey
waterbodybedthk t matrixtypa}
waterbodyarea t matrixtypm)
waterbodybedel av 1 matrixtypwj
aqui farbase 1 matrixtype;
LHd t matrixtype;
H t matrixtype;
Ho 1 matrixtypey
Q 1 aatsixtypmy
Stor 1 matrixtype;
T t matrixtype}
Tx 1 matrixtype;
Ty 1 matrixtype}
Leakance t matrixtype;
Hinitial 1 matrixtype;
Hprime t matrixtypej

array(1,.350) of raaly

procedure Cursor_off}

procedurs Cursor_onj

Function Getnum(cwidthiInteger) sistringB0)rstringB0;

procedure Save_data_file;

procedure Reocpen_data_filej

function lastch 1 char;

function getstr alphanum(nl1nt|g-r;-||tr1n980) 1 stringB0)

procedurs Inverseoff)

procedure Inverseon;

function IValue(sistringB80) 1 integer)

function RValue(si1stringB0) 1 real)

procedure Putat (c,r 1 integer; s 1 string80);

Procedure Param_Box (sr,sc,bw,bh 1 integer);

Procedure Box (sr,sc,bw,bh 1 integer))

Procedure Message_Box (sr,sc,bw,bh 1 integer))

Procedure Init_Box (sr,sc,bw,bh 1 integer))

Function Menu_bar (Titlertitlestrtype; Optsioptionstype;
Numoptaiintegar) 1 Intager;

Function istringequiv(inuasintwger) 1 string80Q)

function rstringequivi(rnumirealjlinumsintegur) 1 wtringB0;
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implamentation

var xx,yy & integerj

procedure Gava_data_file;
begin
if not datafopen then bepgin
assign(datafile,sfilmname+' .DAT')}
reset (datafile);
and}
writat(datafile,datarec))
closaldatatila))
endj

procedure Reopen_data_filej
bagin
if datafopen then
geek (datafile,0)
else begin
assign(datafile,sfilename+’.TAT )}
reset (datafile))
and;
read(datafile,datarec))
close(datafile)y
end}

procedure Cursor_off;
begin
with reg do begin
ah t= 13}
ch 1= 32%
aend}
intr(s10,regl;
end;

procedure Cursor_onj

begin
with reg do begin
ahi=lj}
if 1m = mono then begin
ch 1= 11;
cl 1= 12;
end else
begin
ch 1= 6}
cl 1= 7}
and}
end;
intr($10,reg);
and}
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Function Betnum(cwidthilnteger; sistring80):istringB0;
Var
x 1 integer;
Exit:Booleanj
Wordx: Integer;
Word:atringB0;
dot,dash,expon,negexp,numb 1 boolean}
chichar)
Begin
Exit:aFalse;
dot = false}
dash 1= false;
axpon 1= falsej}
nagexp 1= falssej
numb 3= false;
if lengthdis)>0 then begin
numb 1= trueg
dash 1= truaj
end}
for x1= 1 to length(s) do begin
if slx] = ?.? then dot 1= trume;
if slx]J = TE' then expon 1= truej
if (sfx1=’=?) and (x>1) and (sfx—11='E’) then negexp 1= true
slue
if (slx)='-') then dash 1= trum;
endj
WordximlLength(s)y
Wordt=s}
gotoxy(wherex+wordx,wherey);
Repeat
Ch:=readkey}
Case ch of
'.?" 1+ if not dot then bagin
Wordxt=wordx+1}
1f wordx>cwidth then
wordxs=cwidth
Elsw
Bagin
Write(Ch))
Wordlwordxls=Chyp
dot 1= truej
dash 1= truej
Endy <{if)
End; {begin)
'a?,’E’' 1 if numb and (not expon) then begin
Wordximswordx+1j
11 wordx>cwidth then
wordxs=cwidth
Else
Begin
Write(Ch);
Wordlwordxla=upcase(Ch)j
axpeon 1= trumj
dot 1= true)
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dash 1= truej

Endy {if}
End; {(begin}
rer 3 if (not dash) or ((not negexp) and (wordlwordx)='E') and numb)
then Begin
Wordxi=wordx+1j
17 wordx>cwidth then
wordxt=cwidth
Elne Begin
Write(Ch)j;
Wordlwordxlt=Chj
if ¢numb and (wordlwordx—11I='E?)) then

begin
negexp 1= trumj
dash 1= true;
end else
dash 1= truej
End; i€}
End; {beginl
ro',,.*'9': Begin
Wordxi=wordx+1}
If wordx>cwidth then
wortximcwidth
Elsa Begin
Write(Ch);
WordLwordxli=Ch}
dash 1= truaj
numb = truej
End; {112
End; {baginl
#8:Begin
Hordxi=wordx—13
If wordx<0 then begin
Hordxi1=0;
dot 1= falsej}
dash 1= falsaj
numb 1= false;
axpon 1= falsej
negexp 1= false}
end Elss begin
WHrite(ug,” *, #B);
if wvordiwordx+13l = 7,7 then dot 1= falss
if vordlwordx+11 = 'E' then expon 1= false)
if (wordlwordx+1] = '~} and (wordlwordx]<>'E'} than
dash 1= false
else if (wordlwordx+13="-") then
negexp 1= false;
Wordlwordx+1li=* '3
if wordx = O then begin
dot 1= false;
dash 1= false;
expon i= falsey
negexp 1= falseaj
numb 1= falaey
end;
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End; {If}
Endj {beginl
#13 t Begin
LastChari=#13;
Exitt=True;
wordEQli=Chr (wordx)};
Gotoxy(wherex—wordx,whaerey);
Endj {Bagin
#0 1 Begin
chi =readkey;
Case ch of
#59, 875, 877,872,480, %711 Begin
. Gotoxy{wherex~wordx, vhareyl}
LastcharisCh;
Exitt=Truej
HordCO)i=mchr (wordx)
End} {begin’
#60 1 begin
save_data_file;
raopen_data_file}
end;
End; <{Casel}
End; {(Begin?
End; {Case?
Until Exits
Getnumi=Word}
End; {Functionl

function lastch 3 char;
begin
lastch 1= lastcharg
lastchar 1= #0y
end;

function getstr_alphanum(n:iinteger; sistringB0) 1 stringB0;
var x t integer;
ch 1 chary
w 1 stringB0j
L i integer;
begin
x 1= length(s);
ch 1= #0}
w 1= g}
Li=ax)
gotoxy(wherex+L ,whereyl;
while (ch<>#13) do begin
ch 1= readkey}
if (ch in C£'07.,797,%a’..'27,'A'..72'1) and (x<{n) then begin
wi= w + chy
T write(ch)
x 1= x + 1
end else
if (ch = #8) then begin
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if x>0 then begin
write(#8,' ', 48);
wl01 := chr (ord(wlOI)~1);
% 1= x = 1;
end;
end else
if (ch = #0) then begin
if keypressed then lastchar 1= readkay)
casge lastchar of
W72 : xt= njg
#60 1 begin
save_data_filej
reopen_data_file;
end}
end; {(casel
endy {(if}
end; {(whilel
getstr_alphanum 1= wj
end; {getstr_alphanum?}

procedure Inverseoff;
begin
taxtcolor (whitel;
textbackground(black);
end;

procedure Inverseong
begin
textcolor (black);
textbackground(white);
end;

Function istringequiv(inum:integer) 1 stringB0}
Var st 1 stringB0;
begin
str{inum, st}
istringequiv 1=st}
end}

function rstringequivirnumirealjlnumiinteger) t stringB80;
var st 1 string80; .
begin
stri{rnumilnum,std;
retringequiv 1= st;
ends

function IValue(s:string80) t integser;
var 1 1 integer}

e t integer;
begin

vali{g,i,e)}

if @ = 0 then ivalue = i
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else ivalue := -maxintj
end;

function RValue(sistringB0) : realj;
var r 1 realy
e : integery
begin
val(s,r,e)}
if e = 0 then rvalue 1= r
else rvalue 1= ~maxint#1,0;
end; ’

procedure Putat (c,r ! integer}; s i1 string80);
begin

GoToXY(c,r;

write (s8);
end;

Procedure Param_Box (sr,sc,bw,bh 1 intager)j
Var
% 1 integer}
ch 1t char;
Begin
cursor_off)
ClrScry
For x:=1 teo bh-1 do Begin
putat (sc,sr+x, #1862 ;
putat (sc+bw-1,s8r+x,#1B6);
End}
For xi1=m1 to bw-=2 do Begin
putat (sc+x,sr,#205);
putat (sc+x,s8r+bh-5,#205);
putat (sc+x,sr+bh—1,KR205);
End}
putat (sc,sr, #201);
putat (sc+bw—-1,sr,#187);
putat (sc,sr+bh-1,#200);
putat (sc+bw-1,8r+bh-1,#188)};
putat (sc,sr+bh-5, #204);
putat (sc+bw—1,sr+bh=-5, #183);
putat (gc+10,sr+bh-4,
'Use "+#24+' To Move to Previous Line');
putat (sc+10, sr+bh-2,
'Use RETURN Avter Each Entry To Procesd’);
cursQr_on;
end;
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Procedure Box (sr,sc,bw,bh 1 integer);

Var
x t integery
Begin
cursor_off}
ClrScr}
If (bw>=34> and (bh>=7) then Begin
For xt=m1 to bh-2 do Begin
putat (sc,sr+x,¥#186);
putat (gc+bw-1,sr+x,#186);
End;
For xi1=%t to bw-2 do Begin
putat (sc+x,sr,#205))
putat (sc+x,sr+bh-6,#2035))
putat (sc+x,sr+bh—1,#2035);
End};
putat (sc,s5r,#201);
putat (sc+bw—1,sr,#1873;
put at (sc,s5r+bh—1,#200);
putat (sc+bw-1,sr+bh—1,#188);
putat (sc, sr+bh—E&,#204)
putat (sc+bw-1, ar+bh-6,#185);
putat (sc+((bw-38) shr 1),sr+bh-4,
'Use '+H#24+' Or '"+8#25+' To Highlight Option'); :
putat (gc+((bw-38) shr 1),sr+bh-3,'Press Return To Select Option’)j;
If Mainmenu = false then
putat (sc + ((bw-3B)shr 1),s8r + bh - 2,
'Press Escape To Go Back To Previous Menu');
Endj
cursor _ong
End};

Procedure Message_Box (sr,sc,bw,bh 1 integer)j
Var
x 1 integer;
Begin
ClrBery}
cursor_off}
It (bw>=E66) and (bh>=7) then Begin
For xim1 to bh—-1 do Begin
putat (sc,sr+x,#186);
putat (sc+bw-1,sr+x,#186);
End}
For xi=]l to bw-2 do Begin
Putat (sc+x,sr,#2035);
Putat (sc+x, sr+hh—35, #205);
Putat (sc+x,ar+bh-1, #2035)}
End;
Putat (sc,sr,#201);
Putat (sc+bw—1,sr, #1871
Putat (sc,sr+bh~1,#2003;
Putat (sc+bw—1, sr+bh-1,#188),
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Putat (sc, sr+bh~4, #204)
Putat {(sc+bw—1,ar+bh-4,#185);
Putat (sc+5, sr+bh-3,"Press any Key To Proceed!))
End;
cur sor_onj
End;

Procedure Init_Box (sr,sc,bw,bh 1 integer)};
Var
x 1 integer}
Begin :
ClrScry
cursor_offs
If (bw>=66) and (bh>=7) thaen Begin

For xi1=1 to bh=3 do Begin
putat (sc,sr+x,#1B6)}
putat (sc+bw-1,sr+x,#166);

End;

For x:=1 to bw-2 do Begin
putat (sc+x,sr,¥205);
putat {(sc+x,sr+6,#205})
putat (sc+x,sr+bh-5,#203);

End}

putal (sc,sr,#201);

putat (sc,sr+6,H8204);

putat (sc+bw—1,sr+6,#185);

putat (sc+bw—1,sr,#187)}

putat (8c,sr+bh-5, #200);

putat {(sc+bw—1,sr+bh-5,#188)

Endy
cursor _onj
End;

Function Menu_bar (Titlettitlestrtype; Optsioptionstypmp
Numcptssinteger) t Integer;
Var
% 1 integer;
stop 1 booleany
ch t chary}
Begin
putat ((BO-length(title)) shr 1,sr+2,Title);
For xi®m1 to numopts do Begin
GoToxy(sc+5, sr+5+(2#(x~1)2)};
Write(Optslx1);
End;
Xi=1;
stopi=false}
Repeat
GoToxy(8C+S, sr+5+(24(x~1)))}
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textcolor(black);
textbackground{(white);
Write (Optslx1);

Repeat

Chi=readkey;

If Cho#0 then Ch:=readkey)}
Until (Ch in [#72,8B0,#13,8#27,8601);
Textcolor (white)}
Textbackground(black);
Casea Ch of

#13

#72 13

H80

#60 1

#27 1

End}
Until Stopj;
Endy

begin

naw(H) }
naw{Ho)}
new(i)}
new(Btor)}
naw(T)}
naw(Tx)}
naw(Ty);
new(LHd) §

Begin
Btopt=truey}
Manu_bar t=x}
Endj
Begin
putat(sc+5S,sr+5+(2%(x-1)),0ptelx]);
xtmx—1j}
If x = 0 then xi=numopts}
End}
Begin
putat (sc+5, sr+5+(2%(x=1)),Cptslx1);
xg=x+1; -
If x>numopts then x3=1
End}
begin
save_data_file;
reopen_data_file;
aend;
Begin
Menu_bar 1=numopts+l;
Stopt=true;j
End;

naw(Leakance)}
newhinitially
new(Hprime);
for xx 1= 1 to matrixsize do
for yy 1= 1 to matrixsize do begin

H Txx,yyl 1= 0.0
ho~Ixx,yy] 1= 0,05
QA Cxx,yy] 1= 0.03
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Stor~lxx,yyl 1= 0.0;

T Lxx%,yyld 1= 0,0;
Tx*{xx,yyl 1= Q0,03
Ty~ Ixx, ¥yl 1= 0.03
Lhd"~(xx,yyl 1= 0,03
Leakance™[xx, yyl 1= 0.0}
Hinitial~[xx,yy?l t= 0,03
Hprima~Exx,yyl 1= 0,04
end;
For i3=1 to 10 do begin
new(elipsepntriil);
endj
newi{wellpntr);
datarec.plumeprob 1= false;
datarec.dewateringprob 1= false;
lm 1= lastmode)
afilename 1= 11y
data_created 1= false;
datafopen 1= false}
well _dry 1= falsej

end.
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Unit Hydrosys)

Inter face
uses Crt,dos.grnph,globalg,spradsht.:olutsy:;

procedure hydrogeclogical _paramj

implamentation

Procedure hydrogeological _param}

const
c 1 integerm=&3d;
title 1 string[30]1 = ?'Hydrolgeological Parameters')
titlel 1 stringl30]1 = 'Dewatering Control Point Data’;
title? 1 stringl30] = 'Pumping Well Characteristics';}
title3d : stringl20) = 'Aguifer Conditions')
sC 1 integer=5;
ar 1 intager=2;
bw 1 integer=70;
bh 1 integer=22}
pwidth 1 integer=10;
var
ch 1 charj

leval 1 integer;
axitlev 1 booleanj

ppos 1 integer;y
exit_menu t boolwmang
window 1 integer;
maxwindow ! integery
% 1 integer;
exit 1 booleang
parameters: parameterstype;
diff 1 intaeger}

maxnuMmpar ams 1t integer;j
exit_window 3 booleanj
begin
clrscr)
param_box(sr,sc,bw,bh)}
putat (¢80-length(title)) shr 1, sr+l,title)}
putat (sc+d,sr+6,'Is the aquifer confined or unconfined (C/tH? ')}
putat (sc+4,sr+3,' Input number of site dewatering control pointsi ')j
putat (sc+4,s8r+12, " Input number of pumping wells utilized:r ')j
textcolor{0)}
textbackground(i)}
lavel 1= 1)
ppost= sr+6j
exitlev 1= false;
repeat
case level of
1 1 begin
gotoxy(sc+c—14,ppos)}
s 1= datarec.aquiferj
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leni=length(s);}
lendiffi=1-1@an;
inveraeon;
for ii=1 to lendliff do begin
write(' *);
and}
write(s))
rapeat
gotoxy{(sc+c—14,pponl);
s 1= getstr_alphanum(l,s);
unti}l (((length(w)=1) and (upcase(s{1]) in ('C','U'1)) or
(lastchar = #72))}
if lastch = #72 then level 1= level - 1j
invarseoff}
parameter[1) 1= upcasw(sl[1]);
end}
2 1 begin
repeat
gotoxy(sc+c—11,ppos+3))
inumisdatarec.no_dewvatering_cntrl_points)
si1wjistringequiv(inum)}
lent=length{s)}
lendi ffam2-1an;
inverseong
for i1=1 to lendiff do begin
write(' ?);
endj
write(s2;
gotoxy(sc+c-11,ppos+3)}
s 1= getnum(2,8)}
until (ivalue(e) in (1..101) or (lastchar = #72);
if lastch = #72 then level 1= lavel-2;
inverseoff}
parameter(2] 1= =;
andj
3 1 begin
repaat
gotoxy(sc+c—19,ppon+6)}
inum 1= datarec.no_pumping_wells)
8 1= istringequiv(inum);
leniwlengthi(x))
lendi ffr=2-1wn;
invarseon)
for ii=] to lendiff do begin
write(' ?);
and)
write(s);
gotoxy(sc+c-19,ppos+6))
s t= getnum(2,8))
until (ivalue(s) in {1..10]) or (lastchar = #72);
if lastch = #72 then level 1= level-2
else exitlev 1= trum
inverseoffs
parameter[3) 1= =;
end}
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end}
leval 1= level+lj}
until

(gxitlev))

datarec.aquifers=parameterlly
datarec.no_dawatering_cntrl_pointsi=ivalus(paramaterl2]))
datarec.no_pumping_wells:i= ivaluw(parameter(31)}

Case datarmc.aquiferfll of

#99,467 1 datarec.Confinedrwtrue;

#117,4B5 1 datarwc.Confinedi=false;

andj

clrscr}
if datarec.no_dewatering_cntrl_points <> O then begin

Y

nti1t);

exit_windows= false;

maxwindowi= datarec.no_dewatering_cntrl_points}
windowi= 1}

repeat

clrscrj

param_box (8r,sc,bw+2,bh+2)

putat ((BO-length(title)) shr 1, sr+i,titlel);

putat (wherex-length(titlel), sr+3,'Dewvatering Control Point # ');
write(window);

putat (sc+4, sr+5,'Enter x grid coordinate: ')

putat (sc+4, #r+9,'Enter y grid coordinates ')

putat (sc+4,sr+12,'Enter desired water elevation for this control point:

putat (sc+4,8r+15,’Enter acceptable range water wlevation at control poi

diffi= 43
pposi= sr+6;
level 1= 1}
exitlev 1= falsa;
repeat
case lavel of
1 & begin
repeat
gotoxy (sc+29, ppos)}
inum 1= datarec.control_pointlwindowl.cpxcoord;
% 1= istringequiv{inum)}
leni=lengthi(nl)
lendiffi=2-1leng
inverseonj
for {i1=1 to lendiff do begin
write(’ '),
end}
write(s))
gotoxy(sc+29,ppos)}
s 1= getnum(2,s);
until (ivaluet(s) in [l..datarec.ncl) or (lastchar = #72);
i1 lastch = #72 then level 1= level-ij;
inversecff)
parameter(1) 1= uj
end;
2 31 begin
repeat
gotoxy (sc+29, ppos+3)

118



inum 1= datarec.control _pointlwindowl.cpycoord;
s 1= {stringegquiviinum)}
leni=lengthi(s);
lendi ffi1e2~lan}
inverseon}
for i1=1 to lendiff do begin
write(? ');
and)
writei(s))
gotoxy(mc+29,ppos+3))
s 1= getnum(2,s))
until (dvalue(s) in [(1,.datarec.nrl) or (lastchar = #72);
if lastch = 472 then level 1= leavel-2;
inversecff}
paramateri2] 1= =
end}
3 1 begin
repeat
gotoxy(sc+35B, ppos+b);
roum 1= datarec.control_pointiwindowl.cphead;
s t= ratringequivi(rnum,B6l}
lent=length(s);
lendi ff1=6—1an)
inverseonj
for 1i1=1 to lendiff do begin
write(' ')
endj
writa(s);
gotoxy{sc+58,ppos+tl}
s 1= qetnum(6,s);
until ((rvalue(s) >= 0.0) and (rvalue(s) <= 999999))
or (lastchar = #72))
if lastch = #72 then lavel 1= level-2;
inverseoffy
par ametar(3) 1=
end}
4 1 begin
repaat
gotoxy(sc+&1,ppos+9);
rnum 1= datarec.control_pointlwindowl.cph_range}
% 1= ratringequivirnum,4))
leni=langth(s)}
lendi ffi=4-1eny
inverseonj
for fi1=1 to lendiff do begin
writa(' *);
and)
writu(s))
gotoxy (sc+6l,ppox+9);
s 1= getnum(4,s)
until ((rvalue(s) >= 0.0) and (rvalue(s) <= 9999))
or (lastchar = #72);
if lastch = #72 then level 1= lavel-2
slse exitlev = truw)
inverseoff)
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bl

parameter{4] 1= g}
endj

endj
level 1= level+l;

until (exitlaev)jy

with datarec.control_pointlwindowl do begin
cpxcoordi= ivalue(parameteril)}
cpycoords= ivalum(parameter[2]1)}
cpheadi= rvalusi{parameter(31)}
cpH_rangei=rvalus(paranater[41)}

and)

window = window + 1)

i { window > maxwindow then exit_window 1= truej

until exit_window}

end;
if datarec.no_pumping_wells <> O then bagin

l)'

')

exit_windowi= false;

maxwindows= datarec.no_pumping_wellsj

windowt= 1}

repeat
clrscr}
param_box (sr,sc,bw+2,bh+2)y
putat ((B0-langth(title2)) shr 1 , sr+l,title?);
putat (wherex-length(title2), sr+3,’Pumping Well #7);
write(windowl}
putat (sc+2,sr+7,'Pumping Rate: '),
putat(sc+2,5r+9,'Enter Maximum Parcent Dewatering of Available Yield: '

putat (sc+2,sr+11,’Enter x coord for top left corner of search area: ');
putat (sc+2,ar+13,’Enter y coord for top left corner of search area: ');
putat(sc+2,sr+15,'Enter x coord for bottom right corner of ssarch area

putat (sc+2,sr+17,'Enter y coord for bottom right corner of search area

diffi= 23

ppos:= sr + 7j

level = 1}

axitlavy 1= false)

repeat

case level of
i1 1 begin
repeat
gotoxy(sc+21,pposdy
roum 1= datarec.wellnolwindowl.well_pump_rates
g 1= ratringequivi(rnua,10);
leni=langthi(s)}
lendi ft:=10-lan}
inversson;
for ii1ml to lendiff do begin
write(® 7))}

end)}
write(s)}
gotoxy(sc+21,ppos)}
% 1= getnum(10,8))
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until ((rvalue(s) >= -9999999,99) and (rvalue(s) <= 99999y
9.99))
or (lastchar = #72);
if lastch = #72 then level 1= level-1;
inverseoff{;
paramester(il 1= g;
ends;
2 t begin
repeat
gotoxy{(sc+61,ppos+2);
roum 1= datarec.wellnolwindowl.percent_dewvater;
s 1= ratringesquivirnum,6}}
leni=langthis);
lendi ffi=6-1enj}
invarseong
for i1=1 to lendiff do begin
write(' *);
end;
write(s);
gotoxy(sc+6]l, ppos+2);
s I= getnum(5,5)};
until (Crvalue(s) >= 0.0) and (rvalued(s) <= 1.0))
or (lastchar = #72);
if lastch = #72 then level 1= lavel-2;
inversaocff;
parameter[2] 1= g}
end)}
3 t begin
repaat
gotoxy(sc+61,ppos+4)}
inum = datarec.wellnofwindowl.tlx;
a 1= igtringequiv(inum)y
lani=langth(x)}
lendi ff1=2-lan;
inverseony
for it=1 to lendiff do begin
write(t *);
end)
write(u);
gotoxy(sc+61,ppos+dd}
% 1= getnumi(2,a);
until C((rvalue(s) >= 0.0) and (rvalues(s) <= datarmc.nc))
or (lastchar = #72);
if lastch = #72 then level t= level-2j
inverseoff}
parametar(3) = u;
end;
4 1 bagin
repeat
gotoxy(sc+61, ppos+6)}
inum 1= datarec.wellnofwindowl.tly;
s 1= istringequiv(inum)y
lent=langthin))
lendi ff1=2-lan;
inverseon;
for ji=i to lendiff do bagin
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write(’ '),
endj}
write(s);
gotoxy(sc+bl,ppos+E)}
s 1= getnum(2,s)}
until ((rvalue(s) >= 0.0) and (rvalue(s) <= datarec.nr))
or (lastchar = #72);
if lastch = #72 then leval 1= level-2}
inverseoff}
parameter(4] 1= 53
end}
S 1 begin
: repaat
gotoxy(ac+61 ppos+B)g
itnum 1= datarec.wellnolwindowl.brx}
g t= jatringequivi(inum)}
leni=laength(s);
lendi ff:=2-1en}
inverseonj
for ii=1 to lendiff do begin
write(? ');
end}
write(s)}
gotoxy{(sc+&1,ppos+B);
8 1= getnum(2,8))
until ((rvalue(s) >= 0.0) and (rvalue(s) <= datarec.nc})
or (lastchar = #72);
if lastch = #72 then level := level-2;
inverseoff}
parameter[5]) := s
endj
& &t begin
repeat
gotoxy(sc+61,ppos+10);
inum 1= datarec.wellnolwindowl.bry)
s 1= istringequiv(inum)j}
lani=length(s)}
landi {f1=2-~1lan}
inverseocn)
for i1=1 to landiff do begin
write(® ')
end}
write(s); .
gotoxy (sc+bl,ppos+10);
s 1= gatnum(2,x))
until ((rvalueis) >= 0.0) and (rvalue(s) <= datarec.nr))
or (lastchar = #72);
if lastch = #72 then level 1= leval-2
alae exitlev 1= true}
invarsaoff)
parametaer[6] 1= g3
end}
end}
lavel := level+l;
until (exitlev);
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with datarac.wellnolwindow] do begin
well_pump_ratet= rvalue(parameterC11))
percent _dewater 1= rvalue(parameter(2]);
tlxi= ivalue(parameter[31);
tly:= ivalue(parameter[41);
brxi1= ivalue(parameter(351);
bryt= ivalue(parameter(61)}
trx 1= brx}
try 1= tly}
blx 1= t1x)
bly 1= bryj}
end}
windows= window + 1}
if window > maxwindow then exit_window 1= true;
until exit_windowj
end;
param_box(sr,sc,bw,bhl;
putat ((80-length(titlel)) shr 1, sr+2,titleld);
exit_windows= false;
maxwindowz= 1}
window:= 1}
Repeat
putat (sc+3,sr+7,'Do You Have Leaking Artesian Conditions (Y/N)? ?);
putat (sc+3,s8r+12,'Do You Have Induced Infiltration from a Stream or Pond?
CY/NX? 1)
textcolor (QJ);
textbackground(1li;
exit_menut=falsej
exitr=false;diffi=5;
pposi= sr+7j
level 1= 13
exitlev 1= false;
repeat
case level of
1 : begin
gotoxy(sc+350,ppos);
& 1= datarec.leakagej
leni=lengthi{s)}
lendiffi=mi-leng
inverseons
for 41m=1 to lendiff do begin
write(' ")
end)
write(s)
repaat

gotoxy(ac+50,ppos)}

s 1= getstr_alphanum(l,sl}
until (((langth(s)=1) and (upcase(s[1)) in L[’Y','N'1)} or
(lastchar=#72));
inverseoff;
parametorC1] 1= upcase(s(11);

end}
2 ¢ begin
gotoxy (sc+66,ppos+5);
s 1= datarec.Infiltrationg
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end}

level

lentolength(s);
lendiffi=l-leny
inverseon;j .
for i1=1 to lendiff do begin
write(' ');
end;
write(s);
repaeat
gotoxy(sc+66, ppos+5)}
s 1= getstr_alphanum(i,s)}
until ({((length{(s)=1) and C(upcased(s[1]) in ['Y','N"1]))
or (lastchar = #72));
if lagtch = #72 then level 1= level-2
else exitlev 1= true}
inversaoff}
parameter[2] 1= upcase(sl[11);

end;

1= level+l;

until (exitlevl;

datarec.Leakaget=parameterl1];

datarec. Infiltrationt=parameter(2];

windowt= window + 1

1 f window > maxwindow then exit_window 1= truej
Until Exit_Window;

Case datarec.Leakagelll of

P Tyt
’N"lnl

end;
Case datarec.Infiltrationll] of

PYr vyt
TN, 'R’

and}

end;

end.

{unit?

t datarec.Leaky_Artesian_Conditionsi=true;
1 datarec.Leaky_Artesian_Conditicnsi=false)

t datarec.Induced_Infiltrationi=true}
datarec. Induced_Infiltrationt=false}

124



unit spredsht;
inter face
Uses Crt,dos,globals;

procedure Spread_sheet (nr,nciinteger; fname,titistringBO);

implementation
Const
Maxcolematrixsize)
Maxrowamatrixsize;
cwidth=11} {12-11 = 1 blank)}
Type
Call_Type=stringlcwidth])
Spread_Type=Arrayll..maxrow,1l..maxcoll] of Cell_Typej
Var

numrow 1 integer;
status 1 boolean;
numcol : integerg

Spread : Spread_Type;
Xy Y, 2, %C, YL, wcrtopx,Scrtopys Integer;
ChiChar}

LastChar :Char;
Exit_Cmd:Booleanj
Exit_Celli1Booleang
Exit:Boolean;
Saved_§SS:tBoolean;
cdi1STRINGBO;

Im ¢ integer;

cdCode: Integer;
cdnum:reals
ValOK:Booleanj

reg t registers;

data 1 text;

procedure Spread_sheet (nr,nciinteger; fname,titistringB0);

procedure Cursor_offj
begin
with reg do begin
ah 1= 13
ch 3o 32)
endj
intr ($10,reg);
end}

procedure Cur sor_ong

begin
with reg do begin
ah:t=1;
if 1lm = mono then begin
ch 1= 114
cl = 125
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end else

begin
ch 1= 63
cl 1= 73
end;
end;
intr ($10,reg)}
end;

Procedure Move_Cursor}

Begin
Gotoxy(4+(xc—-scrtopx)#12,3+(yc—scrtopyll}

End}

procedure Title;

begin
gotoxy((7B-length(tit)) div 2,25);
write(tit);

end;

Procedure Drawtopline;
Var
x: Integer}
Begin
TextColor(black)}
TextBackGround(white);
For x:=1 to 6 do begin
GoToxy(B+(x~1)#12,1);
1f Scrtopx»26 then Hrite('A') else Write(' *);
Writel(chr ((scrtopx+x=2)mod 26 +65))}
End}
textcolor(white)}
" textbackground(black);
End}

Procedure Drawsidelinej
Var
yiintegar)
Begin
textcolor(black)j
textbackground{white)j
For yi=1 to 20 do begin
Gotoxy(l,y+2)}
Write({scrtopy+y—1)12);
End;
textcolor (white))
texthackground(black’;
End;
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Procedure Drawsheet
Var
%y¥s2ilnteger;
Begin
textcolor (whitel;
textbackground(black);
For xi1=1 to 6 do begin
For yi=1 to 20 do begin
Gotoxy (4+(x—1)#12,3+(y-1))y
it ((scrtopx+x—1)<{(=maxcol} and ((scrtopy+y—-1)<{=maxrow}) than begin
Write (Spreadlscrtopx+x—1,scrtopy+y—11);
For zislength(spreadlscrtopx+x—1,scrtopy+y—11)+! to cwidth do
Write(' ');
end}
End)
End}
title;
End;

Procedure Draw_Commands;
Begin
Gotoxy(6,24);
textcolorfblack)}
textbackoroundi{white);
Write(’Save Load Clear Edit Replicate
3
textcolor (whitel
textbackground(black);
End;

procedure Blank_commandsj
begin
Gotoxy(6,24);
Writed!
LY
end}

Procedure Draw_No_Commands}
Begin
GoToxy(6,24);
Writec(’ # Press F1 For Commands #
1}
End}

function Validcell(s:string80) 1 booleanj
var v 1 booleanj
t 1 integer;
x ! integer;
begin
t 1= 0Oy
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v 1= truej
for x 1= 2 to length(s) do
t 1= (t & 10) + (ord(usix))—ord('0'));
case lengthis) of
2..4 1 begin
if not(Cupcase(sC11) in ['A’'..?Z']) and (£<{=nr)) then
v 1= falsej
end}
else
v 1= false}
end};
validcall 1= v
and} ’

procedure Copycells (s, fistring80);
var x,y 1t integery
xl,yl 1 integer;
x2,¥2 1 integer;
curc i cell_type}
begin
curc te= spreadlxc,ycl;
x) 1= ord(upcase(sTi11))—ord('A’)+1;
x2 1= ord(upcase(fl1)))-ord(TAT)+i;
yi 1= 0}
y2 1= 03
for x 1= 2 to length(s) do
yl 1= (yl % 10) + (ord(slx))-ord('0’))}
for x 1= 2 to length(f) do
y2 1= (y2 # 10) + (ord(fIx1)-ord('0"));
for x = x1 to x2 do
for v 1= y1 to y2 do
spreadlix,yl] 1= curc)
and}

Procedure Highlight)
Var
xi1integer}
Bagin
TextColor (black))
TextBackGround(whitel}
For xi=1 to cwidth do
1f x>Length(spreadixc,ycl) then write(’ ')
else write(Spreadlxc,ycllxi)}
GoToxy(wherex-cwidth,wherey)}
Ends

Frocedure UnHighLight;
Var
x1integer)
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Begin
TextColor{(white)j
Textbackground(black);
For xi1=1 to cwidth do
If x>Length(spreadlxc,ycl? then write (' 7)
Else writa(Spreadlixc,ycllxl)j
Gotoxy (Wherex—cwidth,wherey);
Endj

procedure Replicate;
var :
celladd &1 stringB0j
celladd2 ¢ stringB0;
begin
blank_commands;
repeat
gotoxv{c,24);
writel{'REPLICATE CURRENT CELL STARTING WHERE (@.g9. & ) 1 ");
readln(celladd);
until validcell(celladd)s
blank_commands}
repaat
gotoxy(6,24);
write('REPLICATE CURRENT CELL ENDING WHERE (e.g. Z12) 1 *);
readln(calladd2);
until wvalidcell(celladd2);
copycells(celladd,celladd2);
cursor_off;
TextColor (black)
TextBackGround(whitae);
clracr;
DrawTopLine;
DrawSidelLine;
textcolor(white)}
textbackground(black)}
DrawSheet}
Draw_Commands}
move_cursor}
highlight;
cursor_onj
end;

function Load 1 booleany
var
status 1 integeri
X,¥ t integer;
1 1 boolean;
Begin
assign(data, fnamel;
{$1-2>
reset (data);
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{$1+)}
ctatus 1o joresults
if gtatus <> O then begin
1 1= falsej
rewrite(data);
end else begin
{sI-}
for x 1= | to maxrow do
for y 1= 1 to maxcol do
readln(data,spreadlx,yl)}
{sI+)
status 1= ioresult;
if status <> 0 then 1 1= false
alse 1 1= truey
end;
close (datal}
load 1= 1}
End}

procedure Savej
var
X,y I integerj
Begin
assign(data, fnamel}
rewrite(datal;
for x 1= 1 to maxceol do
for vy 1= 1 to maxrow do begin
writeln(data,spreadlix,yl)}
end}
close(data)
End;

Procedure Quit}
Begin
Exitistrum}
Exit_cmdimtrue)
Ends

Procedurae Edit}

Bagin
Exit_cmdi=Trucy
Saved_ssi=false}
cursor_off)
Draw_No_Commands;
cursor _onj

End;
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procedure Newspread;
begin
clrscry
writeln;
swapvectors;
exec (' \COMMAND.COM','/C DIR/W');
{ writeln{(doserrorlj
readlng
swapvectors;
writeln)
write('FPlease entar new name for spreadshaet: 7))
readln(fnamael}
and; .

Procedure Clearj

Var
ys%tintegery

Begin
For xi1=1 to maxcol do

For yi=1 to maxrow do Spreadlx,yli=?';

Saved_ss:=false;
cursor_offj
Dr awsheaet;
cursor_ong

End;

Function GetText_CR(cwidth:Integer)istringB0;
Var
ExitiBooleanj
Wordx:Intager;
Word: stringB0;
dot ,dash,expon,negexp,numb 1 boolean}
chichary}
Begin
Exiti=sFal e}
Exit_Cell:=False;
dot 1= false;
dash 1= false}
expon 1= false}
negexp 1= falsej
numb 1= false}
if lenpth(spreadlxc,ycl)>0 then begin
numb 1= true}
dagh 1= truej
end;
for x:= 1 to langth(spreadixc,ycl) do begin
if spreadixc,yclix] = ?,' then dot t= truej
if spreadixc,yclix] = 'E? then expon 1= truej
if (spreadlxc,yclix]l='-') and (x>1} and (spread(xc,ycllix—i1='E’) then
negexp = true
glse if (spreadixc,yclix)=*=?) then
dash 1= truej
ends
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WordxssLength(Spreadlxc,ycl);
Wordi=Spreadlxc,ycl;
Move_Cur sor)
gotoxy(wherex+wordx,wherey)j
Repeat
Chi=readkey)
Caerp ch of
*'.'" 1 if not dot then begin
Wordxitewordx+1j|
If wordx>cwidth then
wordxi=cwidth
Else
Begin
Writa(Ch);
Wordlwordxlr=Ch;
dot 1= true;
dash 1= truej;
End; {(if)
Endy (begin)
*g!',’E’' 1 if pumb and (not expon) then begin
Wordxi=wordx+1}
If wordx>cwidth. then
wordxtscwidth
Else
Begin
Hrite(Ch);
Wordlwordxl:mupcase(Ch)}
expon 1= truej
dot = trueg
dash 1= truej
Endy (if)
End; {(begin}
*='1 if (not dash) or ((not negexp) and (word{wordx)='E')} and numb)
then Begin
Wordxt=wordx+1jy
If wordx>cwidth than
wordxt=cwidth
Else Bagin
Writei{Ch))
Word{wordxJli=Chj
if (nusb and (wordlwordx—1]='E?)) then
begin
negexp = truaej
dash 1= truej
end mlse
dash 1= true;
Endy {(if)
End; {(begin)
*O'. .79 Begin
Wordxi=wordx+1j}
11t wordx>cwidth then
wordxiscwidth
Else Bagin
HWrite(Chl;
WordIiwordxl:=Ch}
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dash 1= truey
numb 1= trumsj
Endy (if}
End; {begin}
W81 Beaegin
Wordxiwwordx—1)
If wordx<0 then begin
Wordx1 =0y
dot 1= false;
dash 1= falsej
numb 1= false)
expon 1= false;
negexp 1= fulsue;
and Else begin
Write(#B," ' #8);
if wordlwordx+1] = ',? then dot 1= false)
if wordlwordx+1] = 'E' then expon 1= false;
if (wordlwordx+1] = "—7) and (wordlwordx1<>'E') then
dash 1= false
else i1 (wordlwordx+11mf-*) then
negexp 1= falsej
WordLwordx+1Jiot '3
if wordx = 0 then begin
dot 1= falsa;
dash 1= false}
expon 1= false)
negexp 1= falsej
numb 1= false)
and;
End} {If)
End; {begin?
#13:Begin :
LagtChari=#13;
Exiti=True;
Exit_Cell:i=true}
word(Oli=Chr (wordx?;
Gotoxy{wherex-wordx,vherey)}
End} {Bagin)}
#0:1Begin
chi=readkey}
Caswm ch of
W59, 875,477 ,072,480,4711Begin
Gotoxy (wherex-wvordx, wharey)}
Lastchari=Ch)
Exiti1=True;
Exit _Cells=True;
WordCOJs=chr (wordx))
End; {begin)
#60 1 begin
save_data_file;
recopen_data_file;
end;
End; {(Case)
End; {(Begin}
End; {Case?)
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Until Exity
GetText _CRi=Word;
Ends {Function}

Begin
1m 1= lastmode}
TextColor (black)y
TextBackGround(white);
if fname = '' then newsproad}
ClrScr)
Exiti=False}
xcimlsycr=1j}
scrtopxi=ljgcrtopyi=1j}
status 1= Load}
if not status then begin
For xt=i to maxcol do
For y:=1 to maxrow do
Spreadlx,yli='";
end;
cursor_offy
DrawTopl.ine;
DrawSidelLine;
textcolor(whitel}
textbackground(blackl}
DrawSheet)
Draw_No_Commands}
cursor _onj
Repeat
Repeat
move_cursor;
highlight}
cdr=GatText _CR{cwidth)j
unhighlight}
val (cd,cdnum, cdcodel}
ValOKi=(exit_cell=true) or (cdcode=0);
Until ValDKj
Spreadlxc,ycli=cdj}
Case LastChar of
#59:Begin {F1>
move_cursorg
highlight}
Exit_Cmdi=Falsa)
cursor_off}
Draw_Commands}
Repmat
Ch: =Readkey)}
curmor_onj
Case Ch of
#67,8399
*al?,?S’
trt IR
!II'ILI'

Claar,

Savae}

replicate}

begin
neWwspread}
clrscr)
status 1= Load)
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if not status then bapgin
For x:=1 to maxcel do
For yi=l to maxrow do
Spreadix,yli="?;
endj
cursor_off}
TextColor(black)y
TaxtPackGround{(whita))
clrscry
xci1=ljycimiy
scrtopxi=ljscrtopyi=l)
DrawTopLine;
DrawSidelLine;
textcolor (whitel;
textbackground(black))
DrawSheat;
Dr aw_Commands)
cursor_ong
ends
#113,#B1 : begin
save}
exit_cad 1= truej
exit 1= true;
end;
#101,%69 : Edit;
#C:1Begin
chi=readkey;
Case ch of
#60 t begin
save_data_file}
reocpen_data_file;
end;
End; {(Case}
end}
End; {casel}
cursor_off;
uUntil Exit_Cmd;
cursor _onhjg
End;

#7351 Begin { <— )

Unhighlight)
XCi=)XC~1)
I1f xcoagcrtopx then begin
Move CursorjHighlightp
andj}
If Xc<1 then
begin
Writadl#7);
XCiemiy
End
else If Xc<{scrtopx then
begin
scrtopximscriopx—1j}
cursor_off}
drawtopline;
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Drawsheet}
Movae_CursorjHighlighty
cursor_ohj

Endj
End;
#7731Begin { ——-> 12
Unhighlight}

xcroxa+ly
If xce<mpcrtopx+5 then begin
Move_CursorjHighlight)
end}
If xc>nc then
‘Bagin
Write(#7);
XC1=nc}
End
Else If xcd>scrtopx+3d then
begin
scrtopxi=scritopx+1;
wursor_off;
drawtopline;
Drawsheet;
Move_Cursor;Highlight}
cursor_ong
Endj
End}
#72:Begin {~
'Inhighlight;
yci1=yc—1}
If yco=scrtopy then begin
Miave CursorjHighlights
end}
If yc<1 then
Begin
Write(#7);
yci=1;
End
Else If yc{scrtopy then
Begin
scrtopyi=scrtopy—1j}
cursor_offy
Drawsidelineg
Crawasheet;
Move_CursorjHighlight)
cursor_ong
End)
End;}
#8031 Bagin {v)
Unhighlight;
yci=yc+1j
If yc<=scrtopy+19 then begin
Move_CursorjHighlight;
and;
I1f yco>ar then
Brngin
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unhighlight;
yei=nr;
Write(#7);
End
Else if yc>scrtopy +19 then
Begin
scrtopyi=tacrtopy+1;
curgor_offy
Drawsidel ina)
Drawsheet;
Move_Cursor jHighlight,
cursor _on;
Endj
End;

#71:1Begin
xcr=ly yeisl;
scrtopxi=1; scrtopyimlj
cursor _offj
Drawtopline;
Drawsideline;
Drawsheet
CUrsor_on;
End;
#13:Degin
Unhighlight;
yCt=yc+1;
If yc<=scrtopy+19 then
Move_CursoriHighlight};
If ye>rr then
Begin
unhighlight)
YCI=NT}
Write(#7);
End
Else if ycrscrtopy +19 then
Begin
scrtopys=scrtopy+l)
cursor _off;
Drawsideline)
Drawsheet)
Move_CurscrjHighlight)
CUr sor _onj
End;
End)
End; {(Case)
Until Exits;

Endj;

end. {unit)
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{EN+} {$E+)

unit solutsysj

intarface

uses dos,crt,graph,globals;

Procedure Finite_difference_approximationj

Procedure Draw_search_grid{nc,nr 1 integer)j

FProcedure Erase_waell)

Procedure Put_wall (xtintegerl)

Procedure Set_Well(n,a,hrintegar))

Procadurae Search(niintegerly

Procedure Drawallipse{xc,yc,xr,yr 1 reall}

Procedure Put;plumn_arna(Hspacc,Vspac.,nplumalIntegur);
Procedure Put_saarch_areas(Hlpnce,Vnpace,no_pumping_unlls:Integer);
Procedure Create_plumm_solution_summarys;

Procedure Create_dewatering_solution_summary}
Procedure Assess_plume_coverage}

Procedure Capturaliiinteger);

Procedure Plume_Solution_Summaryj

Procedure Dewataring_Solution_Summary;

procedure getmaxinelipse(xiinteger)j

function Getdistance (i, j,xiinteger) t realj;

function inellipse(i, j,x1integer) t boolean;

function inany(i,j : integer) : boolean;

function getconc t real}

implementation

var poutfile 1t texty
doutfile 1 text;

procedure dewaterinqg_solution_summaryjf
begin
endj

procedure plume_solution_summaryg
begin
endj

procedure create_dewatering_solution_summary}
begin
end;

function Getdistance (i, j,xtinteger} 1 raalj
var g 1 real}
begin
getdistance := sqrt(sqr(i~datarec.wellnolxl.x) +
sqr ( j-datarec.wellnolxl.y));
end;
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procedure getmaxinelipse(xiinteger);
var i,J,k,1 t integer;
begin
datarec.wellnolxl.conc 1= 0.0}
for i1= i to datarec.nc do begin
for J 1= 1 to datarec.nr do begin
if inellipsae(i, j,x? and
not ((i=datsrec.wellnolx).x) and
(jodatarec.wellnolx).y)) and
(contaminant_concentration~[i, jl1)=datarec.wellnolxl.conc) then

begin
dat:arec.wellncizi.conc 1= contaminant_concentration~[i, J2;
datarec.wellnolxl.concx 1= i}
datarec.wellnolxl.concy 1= jj

end}

endj
end}
end;

procedure create_plume_solution_summary}
var z t integer}
begin

for 2t= {1 to datarec.no_pumping_weli= do begin
datarec.wellnolzl.x 1= datarec.wellnolzl.maxxl}
datarec.wellnoflzl.y := datarec,wellnolzl.maxyl)
getmaxinelipse(z)}
datarec.wellnolzl.bestdist =
getdistance(datarec.wellnolzl.concx,datarec.weilnolzl.concy
r2) # datarec.delxy}
andj :
finite_difference_approximationy
eNu}

function inmllipse(i, j,xtintegar) 1t booleang
var ri,r2 &t real}
begin
ri 1= (i#1.0) - (datarec.wellnolxl.x#1.0);
rl 1= (rl/datarec.wellnolx).xrad) # (ri/datarec.wallnolx).xrad)}
re 1= (j#5,.0) - (datarec.wallnolxl.y#1.0);
r2 1= (r2#r2) / (datarec.weollnolxl.yradsdatarec.wvellnolxl.yrad);
ifr1 +r2<m 1,0 then inellipse 1= true
@lse inellipse 1= falsej
end)

function inany(i,j t integer) : booleang

var
inone t booleany
X 1 integer;
begin
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inone 1= falsej
for x 1= | to datarec.no_pumping_wells do
if inellipse(i, j,x) then inope 1= truej
inany 1= inonej
end;

function gatconc 1 realj
var
totconc 1 realy
i,J 1 integer;
begin
totconc 1= 0.0}
for i1= 1 to datarec.nc do
for j 1= 1 to datarec.nr do
if itnany(i, J) than
totcone tm totconc + contaminant_concentration~Ci, j1j
getconc 1= totconc;
end;

procedure Assess_plume_coverage;
var r 1t realj}
%x t intagerj
begin
r 1= getconc
if r > datarec.maxconc than begin
datarec.maxconc = rj
for x 12 1 to datarec.no_pumping_wells do begin
datarec.wellnolxl.maxxl 1= datarec.vellnolxl.x;
datarec.wvellnolxl.maxyl 1= datarec.wallnofxl.y)
datarec.wellnolxl.maxxrad 1= datarec.wellnolxl.<radiusy
datarec.wellnolxl.maxyrad 1= datarec.wellnolx].yradiusj
end}
endj
end}

procadure Erase_wellj
Begin .

putimage(0,0,wallpntr=~,0);

11 datarec.plumeprob then Drawnllipse(xcanter,ycenter,xr, yr))
End; {procedurel}

Procedure Finite_Difference_Approximation;

Type
BGType=Array({l..50] of real;

Var
Convergence,Successful ,Exit_FD t Booleany}
B 1B3type;
G 1BGType}
Lhi,Lhj,hi,hj,bgi,bpj,ci,c tIntege: ;
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ni,nj,nci,nrj,ri,rj,wi,wj,i,J
istep,iter, sum

Time, Year

Hd,F,E

ac,bc,cc,dc,ar,br,cr,dr

we,wr HA,wdiff,totout,totin,store,pump
Del xsq,delta

ch

Percent_step

Procedure Print_head_map(timeireal);
Var i, 1 ‘integer;
ch t charg
Begin
Restorecrtmode)
Clrscry
writeln{'Time in Days = ', Timetd4:1)}
writeln(tistep = ’,istep’;
Writeln('iteration number = ' ,iter)y
Writeln(?totin = ’,totin)y
Writeln('totout = ?,totout’;
Chi=readkey;
for i1l to datarec.nc do begin
For ji=1 to datarec.nr do begin
Write(H~[i, j1:5:1);
Write(' 7)3;
end)
writeln(?
end;
chi=readkey}
Initgraphi(gd,gm,'ci\tp’);
endj

!),

Procaedure unsuccessfullj
Const
sC
ur
hw
bh
Var
ch
Begin
RestoraCrtMode}
ClrScr}
Box (sc,sr,bw,bh))

1Integer)
tinteger)
iReal}
1Real)
1Real
ireal}
1Raal)
1chary
irealy

intager=35;
integer=2;
integer=70;
integar=2d);

t chary

Putat¢5,10,'An Optimum Dewatering Well Configuration has not besn Found’);
Putat(s,13,'The Calculated Heads did not Match the Stipulated Control-Point

Heads'’ )}

Putat(5,16,'Try first to Increase your Ervor Margin for Matching the Control

-Point Heads')}

Putat (5,19, 'Subsequently, try altering other input parameter values')j

Exit_FD 1= true;
Istep 1= datarec.nsteps;
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Exit_searchi=truey
ch 1= readkeyj
Endj;

Procedura Success(timetreal)d;

var
windowl,window2 1 windowptrj

Procadure Window (Var Wini,Win2iWindowptrjtime:iraal)}
Const
Wi 'sguccoss%’}
w2='An optimum well configuration';
W3=" has been found';
Wé=!The simulated pumping period equals’}
WS5=?'The solution will be written to an'j
Wem'output file called "filename".0QUT';
W7=? <PRESS RETURN TO CONTINUE>';
Wa=? <PRESS ESC TO EXIT SEARCH>'";
WS=*Days?}
ClipOn=true;
Var
CH t Char}
timestr 1 stringB0;
i, J 1 integery

Begin

gtr(time1S12,timestr))
SetViewPort( 323,20,63%5,196,clipon);
ClearViewPort;
SetLineStyle(0,0,3);
Rectangle(0,0,312,176);
SetTextStyle(1,0,1))
SetTextJusti fy(1,0);

Moveto (160,13 j0utTaxt (W1);

Set TaxtBtyle(0,0,1)y
SetTextJustlify (0, 1))
MovaTo(40,23) )0utText (W2)}
MoveTo(60,31);DutTaxt (W3))
GetTextJustify(0,1);
Moveto(23,70) 0uttext (Wd))
Moveto(150,80) j0uttext (timestr))
Moveto(19%,680);0uttext (W3))
MoveTo(23,96) j0utText (HG);
MoveTo(23,104) 3 0utText (W6);
MoveTo(16,158) j0ut Text (W7);
moveto(16,171)jouttext (wB);

Get Imagw (323, 20,635, 196, Win2*)}

Repeat
CHi=readkey}
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(1

ed’ };

Until (CH in(#13,#271);

Case ch of
begin

#13 1

1,' days');

11D Y

exit_fdi=true;
istepi=datarec.nsteps;
successfuli=fal sey
Append(doutfile))
Writeln(doutfile);
For i 1= | to datarec.no_pumping_wells do begin
Writeln(doutfile,'Pumping rate for well # ',i,* = ¢
rdatarec.wellnolil.well _pump_ratesl10i12);
writeln(doutfile,'Grid coordinates for well *,i,? ( '
ydatarec.wellnolil.x,’ , ',datarsc.wallnolil.y,’

writeln(doutfile);
End;
For i 1= 1 to datarec.no_dewatering_cntrl_points do begin
Write(doutfile,'Control point ?,i,? coordinates = ('
ydatarec.control _pointlil.cpxcoord)y

)

writeln(doutfile,?, *,datarec.control_pointlil.cpycoord,’)')

Writeln(doutfile,'Control point ?,i,’ desired slevation = (!
pdatarec.control _pointlil.cpheadt712,' )?);
Writeln(doutfile,'Control point f,i,' calculated elevation =

vh~ldatarec.control _point[il.cpycoord,datarec.control_point(
iJ.cpxcoordl:7:12,! )?');

end}

Writeln(doutfile,'The following is the solution head map achiev

Writeln(doutfile,”after a simulated pumping period of ',time:zd:

Writeln(doutfile);

For it=1 to datarec.nc do begin
for ji=1 to datarec.nr do begin

write{(doutfile,H"[i, j11712);

end)
writeln(doutfilel)

and}

writeln(doutfile);

closa{doutfile);

wnd}

#27 1 begin

exit_Jdi=true;

istepi=datarac.nsteps)

axit_searchistrues

Append(doutfile))

Writaln(doutfile);

For i 1= 1 to datarec.no_pumping _wells do begin
HWriteln(doutfile,’Pumping rate for well # ?,i," = ',

datarec.wellnolil.wvell _pump_rate))

writeln(doutfile,’Grid coordinates for well *,i," = (!

ydatarec.wellnolil.x,’' , ',datarec.wellnolil

writeln(doutfile);
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End;
For i 1= 1 to datarec.no_dewatering_cntrl_points do begin
Writeln(doutfile,’Control point ",i,’ccordinates = (',datare
c.control_pointlil.cpxcoord,
r , ',datarec.control_pointlil.cpycoord,’
I),
Writeln(doutfile,’'Control point ',i,'desired elevation = (*
ydatarec.control_pointlil.cphead,’ )?)j;
Writeln(doutfile,'Contreol point '",i,'calculated elevation =
(l
‘ sh~[datarec.control _pointlil.cpycoord,datare
c.control_pointlil.cpxcoordl,’ >')}
. endg
Writelntdoutfile,"The following is the wolution head map’)j
Writeln(doutfile,*achieved after ’,time:41l,’ days of pumping:’
by |
Writeln(doutfile);
For i1=1 to datarec.nc do begin
for ji=1 to datarec.nr do begin
writaldoutfile,H [i, j11712))
end;
writeln(doutfilel)y
endj}
writeln(doutfilel;
close(doutfiled)
end;
end; {(casel}
Endj;

Bagin
New(Hindowl}}
New(Window?))
GetImage(323,20,635,196,Windowi™)
Window (HWindowl,window2,timel)
SetViewPort (0,0,639,199,clipon);
Clearviswport;
Put Image (323, 20, Windowl™~,0);
digpose(windowl)}
dispose(window2)}

End};

Procedure Compare_control_points(timeireal?s
Var
i 1 integer}
diff: real)
successful tbool gang
Bagin
successfuli=true}
for it=1 to datarec.no_dewatering_cntrl_points do begin
di fti=abs(h~(datarec.control point(il.cpycoord,datarec.control_pointlil.
cpxcoordl
~datarec.control _point(il.cphead)})
It (diff>datarec.control_pointlil.cph_range) then begin
ii=sdatarec.no_dewatering_cntrl_points)
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successful:i=falaej
end; (if>
end; {(forl
If successful then success(time)j
end; (begin?

Procedurae Itmax_Exceeded;
Conwt
sciinteger=3y
sriinteger=2}
bw:integer=70}
bh:integer=23;
Begin
RestoreCrtMode}
ClrScr}
Box{gc,;sr,bw,bh)};
Putat (20,10, 'Maximum Number of Iterations Has Been Excesded!’);
Putat(20,14,'Finite Difference Approximations have Converged Unsuccessfully'’
)3
Putat (20,18,'Try first using anothaer value for Dalta or Error');
Exit_FDi=true}
Istept=datarec.nstaeps}
Exit_Searchi=true; <{(.....and go to main menu...2
ch 1= readkeay}
End;

Begin
delta 1= datarec.deltag
Time 1= 0,0;
Exit_fd :=falsej
Case datarec.unitslll] of
*If,'i* 1 Begin
storagefctr 1= §.23;
wnd)
*U','u' 1 Baegin
storagefctr 1= 7.48;
end}
*M','m" : Begin
storagefctr 1= 1.0¢
and}
end; {casel)

Delxsqi=datarec.del xysdatarec.del xy#storagefctr}

For i 1= 1 to datarec.nc do
for j 1= 1 to datarec.nr do begin
ho~Ci, §1 1= h~ti, j1;
@*~Li, jl 1= Leakance~li, jl;
tx~Li, J) 1= t~Li, j1;
if anisotropic then ty~[i, j]l 1= datarec.anfctr # t~[{i, j]
else ty~[i,J] 1= t~[i,§1;
End;
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For i 1= 1 to datarec.no_pumping_wells do begin
q*tdatarec.uallnotiJ.y,datlrec.uellno[iJ.x] 1=
datarec.wellnolil.well_pump_rate}
Endj;

1f datarec.confined then
For it=1 to datarec.nc do
for jt=i to datarec.nr do
if datarec.leaky_artesian_conditions then
rlac“ti,JJt-aqtdparm“[i,JJ/aqtdthlckn-ss“Ei,Jll

If not datarec.confined then
for ii1=1 to datarec.nc do
for ji=1 to datarec.nr do bagin
If (h~Ei, J)<aquiferbase~[i,jl) then
h*~[i, jli=aqui ferbase~[i, jl + 0.01;
Tx“ti,j]:-aqfrpnrm“ti,jJ*sqrt((H“ti,JJ—aquiferbasa“Ei,jJ)
#+(H~[i+1, jl-aqui ferbase~Ci+]1, j1I)}
Ty“Ei,JJ:-qurperm“(i,j]!sqrt((H*Ei,J]-aquifarbase“ti,d])
#(H~Zi, j+t1)~aqui ‘erbase~li, j+11))}
It datarec.inducad_infiltration then
iir*ti,JJ:=(wutarbodybedperm“[i,JJ/Ultarbodybedthk“[i,,J)
#waterbodyarea~[i, j1i
End;

for ii=1 to datarec,c do begin
for jiml to datarec.nr do begin
1f datarec.lzaxy_artesian_conditions then begin
ql“tt,J]:ﬂrlac“[l,J]l(sourc._unlt_hcad“E1,JJ-H‘Ci,JJ);
aendj}
if datarec.induced_infiltration then begin
if (h~Ci, jldwaterbodybedelev~ii, j1) then
qi*ti,JJ:-iirhti,JJl(uaturbodylurfcluv‘[i.JJ—h“ti.JJ)|
if (h~[i, jl{waterbodybedelev"[i, j1) then
qi“[i,JJ:ﬂi{r”Es,JJ#(Ultnrbodylurflllv“ti,JJ—unt-rbodybndnl-v‘ti,JJ)|
wnd)
end)
end}

For it= 1 to datarec.nc do begin
for j 1= 1 to datarec.nr do hegin
Hinitial~Ci, 33 1= h~[i, j1y
and}
end;

For istepi=1 to datarec.nsteps do begin

{Preliminary Head Predictor}
for hii=l to datarec.nc do begin
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For hj:=1 to datarec.nr do begin
Hdi=h~L[hi ,hj1-ho"~Chi,h j1}
ho~Chi ,hjl:=h~Chi,hj);

Fi1=1.0;
If (lhd*Chi,hj1<>0.0) then
Beagin
If ¢istep>2) then Fi=Hd/1hd~Lhi, hjl}
If (F>5.0) then F1=5,0}
If (F<0.0) then Fi=0,0;
Endj;
lhd~Lhi, h3J1=Hdy
h~Chi,hjlieh”Thi, hjl+Hd*F}
End; {hJj}
End; {hi}

{Refine Head Estimates)

Timer=Time+delta; {days+seconds*day/sacondsl}
iteri1=0;

Converjencet=false;

fiepeat
E:= 0,03
iters=iter + 1;
{Column Calculations}
For ncii=l to datarec.nc do bagin
{lnitialize B & G Arrays?
For BGj:=1 to datarec.nr do begin
BLbg }11=0.0; GLbhg jli+=0.03
end;
cise=nciy
Sumi=igtep+itery;
If¢(Sum MOD 2)=1) then cii=datarec.nc—ci+l}
For cji=1 to datarec.nr do begin
{calculate b & g arrays)
ac1=0,0;
bermStor~lci,c jl#Del xsq/del ta;
cc1=0.03
dci=ho”lci,c jInBStor~lci,cjlsDal xsq/delta—q~Lci,cjI}

datarec.leaaky_artesian_conditions then begin

bc 1= bec+rlac~lci,cjls

dc 1= dec+(rlac~[ci,cjiusource_unit_head~[ci,cjl)g
End; {lwaky conditions)
If datarec.induced_infiltration then begin

be = bc+iir~lci,cjl;

de 1= dc+(iir~[ci,cjlevaterbodysur felev~Llcl,cjl)y
End; {induced infiltration}

It ((cj=1)1<>0) then
begin
acim—tx~[ci,cj-11}
bci=bc+tx~[ci,cj-11;
endy; {if)
If ({cj~datarec.nr)<>0) thaen
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begin
berxbec+tx~Lci,cjly
cci=—tx~[ci,cjl}
endy {if)
If ((ci—-13<>0) then
bagin
berahe+ty~lci—-1,cjl}
dcimde+h~lci-1,cjluty~lci-1,cjd}
endy {if2
If ((ci-datarec.nc)<>0) than
begin
beimbc+ty*lci,cjlj
‘dci=dc+h~Lci+1,c jity~lci,cjl}
endp {if)
wcisbc~ace#Blc j-11}
Blc jlt=cc/wey
Glec jl1=(dc—ac*Blc j-11) /ucy
End; {cj}
{Re-estimate Heads)
Ei=E+abs (h~[ci,datarec.nr]-Gldatarec.nrl}}
h~Cci,datarec.nr lz=Gldatarec.nrl;
njt=datarec.nr-i;
While (nj<>0) do bagin
HAt=GLn j1-BLnjl#h~Cci,nj+ily
ErmE+abs (HA-h~[ci,njl)}
h~feci,njli=Hay
nji=nj=-1;
Endy (Whilel
End; €cil
{Row Calculations)
For nr ji=l to datarec.nr do bagin
{Initialize B & G Arrays}
For bgii=1 to datarec.nc do begin
BLbgili=0.0; Blbpgili=0.0}
End; {bgi?l
rji=nrJ}
If¢(sum MOD 2) =1} then r ji=datarec.nr-r j*l}
For ri:i=! to datarec.nc do begin
{Calculate B & G Arrays)}
ar:1=0.0y
bri=Stor~lri,r j1xDelxsq/deltaj
cri=0,0;
drisho~[ri,r jl#Stor~lri,r j1eDel xsq/delta-q~lri,r jl}

1{ datarec.leaky_artesian_conditions then begin

br 1= br+rlac~lri,rjly )

dr 1= dr+(rlac~Cri,v jlesource_unit_head~lri,r jl);
Endy {lwaky conditions)
I1f datarec.induced_infiltration then begin

br 1= br+iir~lri,rjly

dr 13 dr+(iir~Cri,r jlsvaterbodysur felav~lri,rjl);
End; {induced infiltration}

1f (tr j—1)<>0) then
begin
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1);

bri=br+tx™~Ilri,r j-11}

driedr+h®iri,r j-11#tx"[ri,rj=-1)

endy (if)
If ((r j-datarec.nr)<>0) then
bagin
brimbr+tx~fri,r jlj

drimdr+h~Cri,r j+tIxtx~lri,rjl)

endy {if)
If ((ri=-1)<>0) then
begin
ertm—ty~Cri-1,r jl}
bri=br+ty~lri-1,r jl;
endy Cifl
It ((ri—-datarec.nc)<>0) then
begin
brishra+t ~Lri,r jl;
crim=ty~lri,rjl;
end; {(if2}
wrimshr—ar#Blri-11;
Blrili=cr/wry
GErili=(dr~arwGLlri—-11)/wr}
End; {ril

E:=E+abs(h~[datarec.nc,r jl-Gldatarcc.ncll}

h*{datarec.nc,r jli=AGldatarec.ncl)

ni:=datarec.nc-1j}

Whnile (ni<>0) do begin
HA:=GLri 1-BEni J¢h~Cni+1,r jJ;
Ei1=E+abs(h~lni,r j1-HA);
h~Cni,r j1i=HA;
nit=ni-1;

End; {(Whilel

End; {rj}

{Water Balancal
Storet=0.0} Pumpt=0.0}

for ii1nl to datarec.nc do begin
for ji=1 to datarec.nr do hagin

If datarec.leaky_artesian_conditions then bagin
ql~Ci, jliwriac~li, jl#(source_unit_head"~{i, J1-H~Ci, j1))

end;

If datarmc.inducec_infiitration then begin
If h~li,jid>waterbodybedelav~(i, 1) then
qi~li, jli=iir~L[i, jis¢(waterbodysur felev~[i, J1-h~(1, j1)}
If ¢(h~[i, jl{waterbodybedalav~Li, }1) then
qi~li, j11=iir~Ci, jle(waterovodysur felev~[i, jl-waterbodybaiel ev~[i, j

end;
end;
endj}

For wii=1 to datarec.nc do begin
For wji=l to datarec.nr do begin

Storer=Store+Stor ~[wi,wjleDel xsqetho lwi,wil-h"[wi,wjl)/delta}
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Pumpt =Pump+q~Lwi,wjl}
1f datarec.leaky_artesian_conditions then
store 1= store+qQl~lwi,wjl;
I1{ datarec.induced_infiltration then
gtore 1= stora+tqi~lwi,wjl}
Endy {(wjl
Endy {wil

Totint=Store)
Totouti=Pumpj
wWdiffi=abs(1.0~-Totout/Totin#100;
If(lter>Itmax) then ltmax_Exceededj
If (totout<>0.0) and (Wdiff>5.0} then Convergencei=false
Else 1f (Eddatarec.wrror) then Convergencai={alss
Elge If (Iter<Itmin) then Convergence i=falae
Else ConvergenceiaTruej
Until Convergence or Exit_fDj

Year1=Time/365)
delta:=delta®l.2}

Privt_head_map(deltal;

for i 1= 1 to datarec.no_pumping_wells do begin
Amount _dewatered 1= h~{datarec.wellnolil.x,datarec.wellnolil.yl/
j-.nitial~[datarec.wellnolil.x,datarec.wellnolil.yl;
1f (amount_dewatered < datarec.wellnolil.percant_dewater) then begin
istep 1= datarec.nsteps;
well_dry 1= true;
end})
end)

Percent_step 1= istep/datarec.nsteps;

If datarec.plumaprob and (percent_step>0.10) then begin
Append{(poutfiled;
writeln(poutfilel;

For i 1= 1 to datarec.no_pusping_wells do begin
Writeln(poutfile,’Wall Number ',i)}

012);

Writeln{poutfile,’Pumping rate = *,datarec.wellnolil.vell pump_rate:l

writeln(poutfile,’@rid coordinates for wall ",i,* (°*
ydatarec.wellnolii.maxxl,”’ , ', datarec.wallnolil.maxyl,” 2');
1t (datarec.wellnolil.well_pump_rate>0.0) then begin
writeln(poutfile, 'Capture width in the X direction = !,datarec.vel

1nolil maxxrad)j}

writeln(poutfile,’'Capture width in the Y direction = '  datarec.wel

lnolil.maxyrad)}

Endy
writeln(poutfilely

End}
Writeln(poutfile,'The following is'the sclution head map®l)}
Writeln(poutfile,’achieved after a simulated pumping period of ',timeid11

.7 days?)j
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Writeln(poutfile);

for i 1= 1 to datarec.nc do begin
for j 1= 1 to datarec.nr do

write(poutfile,h"~Cll, j21712);

writeln(poutfiled;

end}

writeln(poutfile);

closel(poutfile);

end}

1f datarec.dewateringprob then compare_control_points(delta)}

End; {istep}

End} {finite_approx}

Procedure Drawellipse(xc,yc,xr, yr t real);
begin
setcolor (0); {to draw black well}
fillellipse(trunci{xc),trunc(yz) ,$runc(xrd trunclyrl;
setcolor(l); {turn pixels on to redraw imagel
end;

Procedure Capturedlirinteger);
var

radx,rady 1 realy

xcenter,ycenter 1 real;

converted_oump_rate t real}

ch 1 charg

it,34 : integer;
Begin

1{ (datarec.wellnolild.well_pump_ rate>0.0) then Lzgin

Txavg_upr=(T~[datarec.wellnolil.x,datarec,vellnolil.yl
+T~(datarec.wallnolfil.x—1, jatarec.wellnolil.yl
+T"[datarec.wellnolil.x-2,datarec.wellnolil.y13/3.0;

Txavg_down:=(T~[datarec.wellnolil.x,datarec.wellnolil.y]
+T~(datarec.wallnolil).x+1i,datarec.wellnolil.y]l
+T~[datarec.wellnolil.x+2,dat-r=-.wellnolil.¥y3)/3.0;

" Tyavg_righti=(T*[datarec.wsllnolil.x,datarec.wellnolil.y]
+T~[datarec.wellnolil).x,datarec.wallnolil.y+11]
+T*[datarec.wellnolil,.x,datarac.welinolil,y+2))/3.01

Tyavg_lefti=(T~[datarec.wellnclil.x,datarac.wellnofil.yl]
+T~tdatarec.wellnolil,. x,datarec-wellnolil.y-1]
+T~{datarec.wellnolil.x,datarec.wallnolil.y=21)/3.0;

If t(txav,_up >= txavg_down) then txavgi=txavg_down;

If (txavy "p <= txavg_down) then txavgi=txavg_upj}

1f (tyavg_right >= tvavg_left) then tyavgistyavg luftj
If (tyavg_right <= tyavg_left) then tyavgimtyavg_rightj
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Rx;=3, 14%((datarec.wellpolil.well _pump_rate)/(Txavg*(6.28)#datarec.avera
ge_site_gradient));

Ry|~3.14*((datarec.uallno[i].uall_pump_rate)/(Tyavg!(6.28)*datarec.avera
ge_site_gradient))}

datarec.wellnolil.xradi=rx/datarec.delxy;
datarec.wellnolil.yradimry/datarec.delxy;

xcantariovspaces(datarec. wallnolil. x=13+30;
ycanterlwhspacaﬂ(datnrnc.uellnoti].y—1)+38;

radxi=datarec.wellnolil.xradsvspace]
radyt=datarec.vellnolil.yradvhspace)

datarec.wellnolil.xradius t= rxj
datarec.wellnolil.yradius 1= ryj}

Drawellipse(xcenter,ycenter,vadx,rady)}
end; (112
end; {beginl}

Procedure Put_well(xzinteger);

Var
a: array [1..5,1..2]) of integer;
y:Z t integer;
radx,rady : integerj

Begin
Radxt=trunc (vspace#(datarec.wellnolxl. x=1)3+30;
Rady:=trunc (hepace®* (datarec.wellnofxl.y-13)+38;
datarec.wwllnolxl.well_dot(l,1]i=radx+d4}
datarec.wellnolx).well_dotll,2]:=rady}
datarec.wellnolxl.well _dotl2, 1):=rudx;
datarec.wellnolxl.well_doti2,2]li=rady—4}
datarec.wellnolxl.well_dot(3,1]1=radx—4j
datarec.wellnolx).well _doti3,2)i=radyj}
datarec.wellnolxl.well _dot(4,1l1=radx;
datarec.wellnolxl.well_dotl4,211nrady+d)
datarec.wellnolx).well_dot(S, 111=radx+4;
datarec.wellpnolxl.well_dotiS,2]is=rady)
for y 1= 1 to 5 do

for z 1= 1 to 2 do -
aly,z] 1= datarec.welliiolxl.well _dotly,z1}

Setfillstyle(l,1)}
Setcolor(ilg
Drawpoly(S5,a);
Fillpoly(S,al)y

End; {procadurel

Procedure Set Well(n,a,b:integer);
Begin
datarec.wellnolnl.x1nAj
datarec.wvellnolnl.y1=B;
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End}; {procedurel

Procedure Search(niinteger)j

Var
XpYe XXy ¥YY 1 integer;
ends 1 booleanj
ch 1 charg
alldiff 1 booleany
Begin
ends 1= falsgey

for x 1= 1 'to n do xclx] 1= datarec.wellnolxl.tlx)
for x 1= 1 to n do yclx]l 1= datarec.wmllnolxl.tly)
while not ends do begin
alldiff 1= trueg
if n>l then begin
for x 1= 1 to n-1 do
for ¥ 1= x<1 to n do
if (xcCx)axclyl) and (yclxl=yclyl) then
alldiff 1= false;
end;
if alldiff then begin
Exit_searchi=falsej
While not exit_search do begin
for x 1= 1 to n do begin
for xx := 1 to datarec.nc do
for yy 1= 1 to datarec.nr do
H *Lxx,¥yl 1= Hprime~[xx,yyl}
set_well (x,xclx),yclx]);
Put_well(x);
1f datarec.Plumeprcb then Capture(x):
end;

i! datarec.dewateringprob then Finite_Difference_Approximationg
11 datarec.plumeprob then assass_plume_coverage)

Erase_wellj
xcf1] 1= xcl1) + 1y
for x 1= | *5 n-1 do bmgin
1f xcCxl>datarec.wellnolxl.trx then begin
sclx] 1= cdatarec.wellnolxl.tlx}
ycix) 1= yclxl + 1)
and} :
if yclxl>datarec.wellnolxl.bry then begin
yclxl 1= datarec.wallnolxl.tly;
xci{x) 1= datarec.wellnolxl.tlxy
xcix+1] 1= xclx+1] + 1}
endy
end}
i1 xclnl>datarec.wellnolnl.trx then begin
xcinl 1= datarec.wellnolfnl.tlx}
ycInl 1= yclnl + 1;
end)
if ycInl>datarec.-wellnolnl.bry then tegin
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ends 18 true;
exit_search 12 truej

aendj;
end; {whilel
end; {if)

endj
if datarec.plumeprob then
create_plume_sclution_summary;
end} {search}

Procedure put_plun._area(Hlpncu,lencn,nplu-l:Intlgnr)|
Var
Plume_Coord 1 Array[1..5,1..2] of Integarj
i 1 integer;
Bagin
For ii=i to nplume do begin
PIume_Coord[l.1J|=trunc((dltlrcc.plume[iJ.ptlx—l)!Vspacn)+30;
Plume_CoordEl,Z?:-trunc((dataruc.plum-tl1.ptly-1)lHupaceJ+39;
Plumc_Coordtz,l]:-trunc<Cdatarcc.pluuutiJ.ptfx—l)lepncu)+SO;
Plume_Coordtz,ZJx-trunc((dntarlc.plumntiJ.ptry—l)!anacu)+381
Pluma_CoordtB.IJr-trunc((datarlc.plunu[iJ.pbrx—i)lV|pac¢)+30;
Plume_Cocrdta,ZJl-trun:(Cdatar-c.plumntiJ.pbry—l)*Hspaca)+381
P1um¢_Coord[4,Ils-trunc((datlrnc.plunn[iJ.pblx—l)tVspnc.)+30|
Plumn_Coordt4.2J:-trunc((datnrcc.plunn[iJ.pbly—l)lepacu)+38;
Plums_Coord[S.1Jl-trunc<(datarnc.plumn[iJ.ptlx-l)leplc.)+30;
Pluma_Coordts,ZJaﬂtrunc<(datarnc.plum-til.ptly—l}iHspac-)+39;
SetFillStyle(6,1);
Setoolor (1)}
PrawPoly(5,Plume_Coord);
FillPoly(5,Plume_Coord}}
Endy {for)
End}

Procmdure put_lcarch_ar-ls(Hlpa:l.Vnpnc-.no_pu-plng_unllsaIntnglr)'
Var
Search_CoordiArrayl1..5,1..2) of Intagers
i 1 integer;
Bagin
for i 1= 1 to no_pumping_wwlls do bagin
5-;reh_Coord[1,IJI-trunc((datnr.c.unllnotiJ.tlx-l)lleaco)+30|
8.;rch_Coord[1.2]|-trunc((dqtcr.c.uullno[i].tly-l)lﬂnpacl)+38|
Bcnrch_Coordtz,lJl-trunc((datar-c.u-llnotil.trx-l)!lelcu)+30|
Snarch_Coordt2,2J:-trunc((dntarcc.ulllnotiJ.try-l)lHiplc¢)+38|
Search_Coordta,lllﬂtrunc((dataroc.unllnoti].brx-l)*V-pac¢>+30|
S-arch_Coordta.le-trunc((datar-c.w-llnotiJ.hry-i)leplc¢)+38;
Saarch_Coordt4,IJl-trunc<(datar.c.wcllnoti].blx-l)IVsplcc)+30p
Search_CoordEd,Z]a-trunc((dntarcc.ucl!no[iJ.bly—l)lHlpncn)+39;
Snarch_Coordcs,1J|strunc((dntarnc.u'llnotl].tlx-l)lV|pnc.J+301
SIarch_Coord[5,2la-trunc((datarac.uellnotiJ.tly—l)iﬂspaca)+38;
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SetFillStyle(6,1))
SetColor (13}
DrawPoly (5, Search_Coord);
FillPoly(5,5earch_Coord);
end}
End}

Procedure Draw_Search_Grid(nc,nriinteger)}
Const
gdiinteger=0g
Clipon=truej
clipoff=false;
gm: integer=2)
itinteger=1;
Jiintegar=1;
nytinteger=30}
ghistringf40)="# OPTIMUM WELL SEARCH IN PROGRESS #')
gs:stringl35)=' ";
Var
n,xtintegery
m 1 intager)
ch & chary
Sum_vert,Sum_horziintegar}
Windowl, Window2:Windowptrj
pc &t longind;
Begin
Initgraph(gd,gm,'c:\tp?)y
SetViewPort(0,0,639,199,cliponl)}
getaspectratio(xasp,yaspl}
SetTextStyle(1,0,1);
SetTextJustify(1,0);
SetLineStyle(0,0,3);
Rectangle(0,0,639,199);
SetLineStyle(0,0,1);
Moveto(320,15)
DutText (gh);
SetText5tyle(1,0,1)}
MoveTo (320,303
ButText (gs)}
Ni=sdatarec.nc-2j
mi=datarec.nr-2;
Hepacer={196~-38)divin+1)}
Vepacai=(600-30)divim+l)}
Sum_Horzi=trunc ((m+§) *Vapace)+30}
Sum_Varti=trunc ((N+1)#Hspace)+38}
For xt=} to n+2 do '
Line(30, (x-1)#trunc(hspace)+38,S5um_Horz, (x-1)#trunc (hspace)+382)
For xi=1 to m+2 do
Line((x-1)#*trunc{vspace)+30,38, (x—1)#*trunc (Vapace)+30,8um_Vert);
1f datarec.Plumaprob then
Put_Plume_Armal(trunc (hspace),trunc (vepace) ,datarec.nplume)}
If datarec.devateringprob then
Put_Swarch_Arasas(trunc(hspace),trunc(vspace),datarsc.no_pumping_wells);
gatimage(0,0,getmaxx,getmaxy,wallpntr~l)
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datarec.maxconc t= 0.0;

1{ datarec.dewateringprob then begin
Assign(doutfile,sfilename+’ . 0UT? )}
Rewrite(doutfile);
Writeln(doutfile, ' ### Dptimum Dewatering Solution Summary L2 L}
Writeln(doutfile)}
Closei{doutfile)}

eand}

1f detarec.plumeprob then begin
Assignipoutfile,sfilaname+’ ,0UT’)}
Rewrite(poutfilel}}
Writaln(poutfile,’##s# Optimum Plume Control Solution Summary want )y
Writelntpoutfile);
Close(pout filels

end}

Search{(datarec.no_pumping_wells);

1{ datarec.dewateringprob then
Create_dewatering_soclution_summaryj

Closegraph)

End}

End.
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A ndix B

Finite Difference Program Ouiput
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Tiam in days= 9,92992000000939€+0000
intop=6 iter=3
totout= 2. 30000000C00000E+0003  totin= 2,00000016576334E+0003
100.00 100,00 100,00 99.99 99,99 99,99 100.00 100.00 100,00 100.00
100,00 100.00 99.99 99.98 99.97 99.98 99.99 100.00 100.00 100.00
100.00 99.99 99.97 99.93 99.89 99.93 99.97 99.99 100.00 100.00
99.99 99.98 99,93 99.81 99.61 99.81 99.95 99.98 99.99 100.00
52.9% 99.97 99.89 99,61 98.70 99.61 99.89 99.97 99.99 100.00
99.99 99.98 99.93 99.81 99.61 9%.%#( 93.93 99.98 99.99 100,00
100.00 99.99 99.97 99.93 99.89 99.93 99.97 99,99 100,00 100.00
100.00 100,00 99.99 99.98 99.97 99.98 99.99 100.0G 100.00 100.00
100.00 100.00 100.00 99.99 99.99 99.99 100.00 100.%0 100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100,00 100.00
press any key

Figure B.1

Potentiometric surface ~alculated by thesis Model
arter a simulated pumping Period of 9.9 days.

158




Well at ¢ 5 , 5 ) ts pusping 2000 gpd/node
ITER = 1 ER = 3,334363F-02
Time = 10.27912 days

100.00 100.00
100.00 100.00
100.00 99.99
99.99 99.99
99.99 99,97
99.9% 99.98
100.00  99.99
100.00 100.00
100.00 100.00

100.00 100.00

100.00
99.99
99.97
99.93
99.88
99.93
99.97
$9.99

100.00

100.00

Potent 'omelric surface calculated by PLASMER4

TIMR = 10.27912

HEAD ¢f% or m)

99.99
99.98
99.93
99.80
99.39
99.80
99.93
99.98
99.99
100,00

99.99
99.97
99.88
99.59
98,67
99.59
95.88
99.97
99.99
100.00

99.99
99.99
99.93
99.80
99.39
¢9.80
99.93
99.98
99.99
100.00

100.00 100.00
99.99 100.00
99.97 99.9%
99.93 99.98
99.88 99.97
99.93 99.99
99.97. 99.99
99.99 100.00
100.00 100.00

100.00 100.00

100.00
100.00
100.00

99.99

99.99

29.99
100.00
100.90
100.00
100,00

100.60
100.00
100.00
100.00
100,00
100.00
100.00
100.00
100.00
100.00

Figure B.2

Model arter a simulated pumping Perfod of 10.3
days.
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Tise in days= i,.06887999622431E£+0002
fatep=20 f{tar=3

totouts 2, OOOOOOOOOOOOOOE*OOOS

99.07 99.03
99,03 99.02
99,01 98.97
98.98 98.91
98.98 98.90
99.01 98.93
99.08 99.03
99.15 99.12
99.20 99.18
99,23 99.22
press any key

98.98
98.91
98.77
98.34
98.30
98.358
98.04
99,02
99.14
99.19

totin= 1.9999383728:5939€+0003

98.98
98.90
98.70
98. 30
97.33
96.33
98.77
99,01
99.13
99.19

99.02
90.93
98.60
98.38
99.33
98.61
98.87
99.03
99. 16
99.22

99.08
99.03
98.93
90. 84
98.77
98. 087
93.01
99.13
99.21
99.23

93.13
99.12
99.07
99.02
99.01
99-“
99.13
99.21
99.26
99.30

99.20
99.¢8
99,16
99, 14
99.13
99.16
99.21
99.26
99.31
99.33

99.23
99-2
99.20
99.19
99.19
99,22
99.23
99.30
99.33
”Im

Figure B.3

Potentiometric surface calculated by thesis Model
arter 2 simulated pumping Per!cd of 186.7 days.
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Well 0+ i pumping 2000 gpd/node
(Sél-5.ﬂ4“05£-02 TIME =

ITER=|
Time= 1869952

99,07
04

99.01 .

99.98
98.98
99.01
99.08
99. 14
99.20

99.23

99,04
99.02
909.96
98,91
98.89
98.95
99.03
99.12
99.18
99.22

days

99.01
98.96
99.88
98.77
98.70
98.80
98,95
99.07
99.16

99.20

Potentiometric surface calculated by PLASMER4

Model arter a simulated pumping Perfod of 186.9
days.

186

. 8932

HEAD (ft or m)

.98.98

98.91
98.77
98.354
98.30
98.358
989.84
99.02
99.13
99.19

98.98
98.89
98.70
98. 30
97.32
98.33
98.77
99.00
99.13

99.19

93.01
98.93
98.80
98.38
98.33
98,61
98.87
99.05
99.16

99,21

99.08
99.03
98.93
98.04
98.77
98.087
99.01
99.13
99.21
99.23

95.14
99.12
99,07
99.02
99.00
99.03
99.13
99.20
99.26
99.29

99,20 99,23
99.18 99.22
99.16 99.20
99.13  99.19
99.13 92.19
99.16 99.21
99,21 99,23
99.25% 99.29
99.30 99,32
99.33 99.34
Figure B.4
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Time ip days= 2.7103071943424+0002
istep=22 ‘{tear=3 .

totout= 2,
98.60 96.58
98.%58 98.33
98.5% 98.30
98.%2 98.45
98.32 98.44
98.356 98.49
98.62 968.38
98.69 98.67
98.73 38.73
94.78 77

press any key

0000000E+0003

98.33
99.30
99.42
98.31
98.24
98.35
98.49
98.62
98.71
98.73

98.352
98.43
98.31
8. 09
97.84
98.13
98.39

98. 57"

98.69
9g.74

90.32
98,494
98.24
97.84
96.87
97.80
98,32
28, 36
98.69

- 9. m

98.36
98.49
98.35
968.13
97.68
98.16
S8.43
98.61
98.72
98.708

98,62
98, %8
98.49
98.39
98.32
58. 43
98,57
98.69
98.77
98.82

99.69
98,67
98.62
99,57
99.36
28. 61
98.69
98.77
99.83
98.86

_totinm 1.99999217662029E+0003

989.73
90.73
92.71
90.69
98.69
99.72
94.77
98.83
98,87
99.09

Figure B.5

94.79
98.77
98.73
98.74
98.79
98. 78
98.42
99.98

99.91

Potentiometric surface calcutated by thesis Model
arter a simulated pumping Period of 271 days.
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Well at (3 , 5 ) is pumping 2000 gpd/node

ITER =

Tine =
98.61
98.59
98.36
99.33
98.352
99.%6
98.63
98.70
98.75
98.78

1 ER =

270.0002 days

98.39
98.5_6
98, 51
98,46
98.44
98.30
909.358
99.67
98.74
99.77

98.36

‘98.351

99.42
99,32
98,23
98.3%
$8.50
98.63
98.71
98.76

B8.021545E02 TIME =

270.0002

HEAD (ft or m)

98.53
98, 46
98,32
90,09
97,88
$8.13
99,39
98,30
99,69
98.7S

98.52
98. 44

90.23

97.83
96.68
97.89
98.33
98, %6
98.69

98.73

98.56
98.30
92,35
28,13
97.689
98.17
98,43
98.61
98.72
98.78

Well at ¢ S, S) is pusping 2000 gpd/hode

Potentiometric surface calculated by PLASMER4

90.63

.90
98.39
%.39
99.43
98.57

98.69

%52

98.70
98.67
98.63
%9.38
20.36
96.61
98.69
9209.77
90.83
99,06

°8.75 99.76
98.74 98.77
98.71 98.76
99.69 99.78
98.69 90,73
99.72 90.78
98.77 98.82
98.63 98.88
96.87 96.89
99.69 98.91
Figure B.6

Model after a simulated pumping Perfod of 270

days.
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Apper 2ix C
Dewatering Case Study Summary
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C1 Introduction

Realignment of the Welland Canal between Port Robinson and Port Colborne
necessitated both temporary and permanent depressurizing of ar underlying aquifer
(Farvolden and Nunan, 1970). The aquifer is a thin zone of fractured dolomite
underlying approximately 60 to 100 ft of pooily-permeable glacial till and lacustrine
sediments (Farvolden and Nunan, 1970). The confining lay. :r permits recharge and
diccharge through leakage to the aquifer (Frind, 1970). In designing a dewatering
system for the construction project, it became evident that one of the prime
considerations would be the regional impact the dewatering operations would have
upon potable water supplies of nearby residents.

C2  Hydrogeologic Aquifer Testi

The rirst considerations elated to the dewatering project involved
determining the aquifer's hycdrogeologic coefficients and boundary conditions for
design of both the de-watering and monitoring systems, as well as predicting the
spread of the drawdown cone (Farvolden and Nunan, 1970). Based upon the results
of four aquifer pump tests, it was found that a high degree of variability existed
within the aquifer. Transmissivity of the aquifer ranged in value from 2000 to
90 000 gal/day. This high dzgree of variability was attributed to zones of fracture
where solution of the dolomite had taken place.

C.3 Regional Aquifer R

Heavy pumping in connection with excavation was started before any
aftempt could be made to analyze the pump test data fc. regional, lorg term
response. Within a few days, there were reports of interference from ownzrs of
private wells and it became urgent to recognize valid claims, and foresee future ones
(Farvolden and Nunan, 1970). Subsequent to analyzing the pump test data, it was

predicted that portions of the regional aquifer would be dewatered by as much as 20
feet.

Cc4 TI tica! Aquifer Analysi
A finite difference baszd computer groundwater flow program was developed
(Frind, 1970) and applied to the site to predict future impacts upon the regional

aquifer as a result of the dewatering operations. The mode! was found to match
field observations closely and was determined to be a useful prediction tooi.

C5 Summary

The utilization of a computer model to predict aquifer response's was
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considered a useful tool at the Welland Canal Site. The model allowed the
consulting hydrogeologists to assessWhether the aquifer's parameters were regionally
representative.
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Appendix D
Dewatering Case Study Program {nput
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Welland Canal Dewatering Case Study Application Input D

D.1  Finite Difference Parameters

Number of columns:

Number of rows:

Grid Spacing:

Finite Difference Tolerance of Convergence:
Total number of time steps:

Initial time step:

Anisotropy facte: (Txx/Tyy)

D2 Hydrogeologic Parameters

Aquifer:

Induced Infiltration:

Leaky Artesian Conditions:

Number of Dewatering Control Points:
Number of pumping wells:

Dewatering Control roint No.

X grid coordinate of control point:
Y grid coordinate of control point:
Desired control point elevation:

Range for calculated control point elevations:

Dewatering Control Point No.

X grid coordinate of control point:
Y grid coordinate of control point:
Desired control point elevation:

Range for calculated control point elevations:

Dewatering Control Point No.

X grid coordinate of control point:
Y grid coordinate of control point:
Desired control point elevation:

Range for calculated control point el vations:

168

0.1ft

10
10
10000 ft

2 days
1.0

Confined
False
False

9

7

570 ft
10 ft

570 ft
10 ft

570 ft
10 ft



Welland Canal Dewatering Case Study Application Input T

Dewatering Control Point No. 4

X grid coordinate of control point: 4

Y grid coordinate of control point: 5
Desired control -oint elevation: 570 ft.
Range for calculated control point elevations: 10 ft.
Dewatering Control Point No. 5

X grid coordinate of control point: 5

Y grid coordinate of control point: 4
Desired contrcl point elevation: 560 ft.
Range for calculated control point elevations: 10 ft.
Dewatering Control Point No. 6

X grid coordinate of control point: 6

Y grid coordinate of control point: 4
Desired control point elevation: 515 ft.
Range for calculated control point elevations: 5 ft.
Dewatering Control Point No. 7

X grid coordinate of control point: 6

Y grid coordinate of control point: 5
Desired control point elevation: 540 ft.
Range for calculated control point elevations: 5 ft.
Dewatering Control Point No. &

X grid coordinate of control point: 5

Y grid coordinate of control point: 7
Desired control point elevation. 525 ft.
Range for calculated control point elevations: 5 ft.
Dewatering Control Point No. 9

X grid coordinate of control point: 5

Y grid coordinate of control point: 8
Desired control point elevation: 555 ft.
Range for calculated control point elevations: 5 ft.
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I | Dewatering Case Study Aplication Input Daf

Pumping Well ..

Pumping rate:

Maximum permissable percent dewatering

X grid coordinate of top left corner of search area:
Y grid coordinate of top left corner of search area:

X grid coordinate of bottom right corner of searck area:
Y grid coordinate of bottom right corner of search area:

Pumping Well No.

Pumping rate:

Maximum permissable percent dewatering

>" rid coordinate of top left corner of search area:
Y grid coordinate of top left corner of search area:

X grid coordinate of bottom right corner of search area:
Y grid coordinate of bottom right corner of search area:

Pumping Well No.

Pumping rate:

Maximum permissable percent dewatering

X grid coordinate of top left corner of search area:
Y grid coordinate of top left corner of search area:

X grid coordinate of bottom right corner of search area:
Y grid coordinate of bottom right corner of search area:

Pumping Well No.

Pumping rate:

Maximum permissable percent dewatering

X grid coordinate of top left corner of search area:
Y grid coordinate of top left corner of search area:

X grid coordinate of bottom right corner of sez.ch area:
Y grid ccordinate of bottom right corner of search area:

Pumping Well No.

Pumping rate:

Maximum permissable percent dewatering

X grid coordinate of top left corner of search area:
Y grid coordinate of top left corner of search area:

X grid coordinate of bottom right corner of search area:
Y grid coordinate of bottom right corner of search area:

170

1
-150000 r,pd

-150000 gpd

-150000 gpd

2100000 gpd

1200000 gpd



Welland Canal Dewatering Case Study Application Input T

Pumping Well No.

Pumping rate:

Maximum permissable percent dewatering

X grid coordinate of top left corner of search area:
Y grid coordinate of top left corner of search area:

X grid coordinate of bottom right corne:: of search area:
Y grid coordinate of bottor.i right corner of search area:

Pumping Well No.

Pumping rate:

Maximum permissable percent dewatering

X grid coordinate of top left corner of search area:
Y grid coordinate of top left corner of search area:

X grid coordinate of bottom right corner of search area:
Y grid coordinate of bottom right corner of search area:
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TABLEDA1

Thesis Program Data Inpat
Dewatering Case Study Application

Welland Canal Dewatering Project

Inid-1 Dotentlometric Surface Map®
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Appendix E
Dewatering Case S*-1y Program QOutput
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*#% Optimum Devatering Solutlion Summary #*+

Pumping rate for well #§ 1 -150000.00
Grid coordinates for well 1 ( 3, 7 )

Pumplng rate for well § 2 = -150000.00
Grid coordlnates for well 2 ( 3 , 5 )

Pumping rate for well # 3 = -150000.00
Grid coordinates for well 3 ( 4 , 3 )

Pumping rate for vell # 4 = 2100000.00
Grid coorxdirates for vell 4 ( 6 , 4 )

1200000.00
(5, 7)

Pumplng rate for vell § 5
Grid coordinates for wvell

wn

500000.00
(6, 5)

Pumping rate for wvell § 6
Grid coordinates for well

[+,

500000.00
{5, 8)

Pumping rate for wvell #§ 7
Grid coordinates for well

~3

Control point
Control point
Control polnt
Control pelint
Control point
Contrnl point
Controeol point
Concrol point
Control point
Control point
Control polnt
Control polint
Control point
Control point
Contrel point
Controel print
Control point
Control point
Control point
Control polnt
Control polnt
Contrxol point
Control point
Contrel point

coordinates = (4, 8)

desired elevation = { 570.00 )
calculated elevation = { 555.26 )
coordinates = (4, 7)

desired elevation = { 570.00 )
calculated elevation = ( 563.79
coordlnates = (4, §)

desired elecvation = ( 570.00 )
calculated elevatlion = { 568,74 )
coordirates = (4, 5)

desired elevation = ( 570,00 )
calculated elevation = ( 570.30 )
coordlnates = (5, 4)

deaired 2lavation = ( 560.00 )
calculated elevation = { 557,27 )
coordinates = (6, 4)

desired slevation = ( 515.00 )
calculated elevation = { 519.," )
coordlnates = (6, 5)

desired elevation = ( 540,00 )
calculated elevation = { 544.83 )
coordinates = (5, 7)

desired elevation = ( 525,00 )
calculated elevation = ( 525,13 )
Contrel polint coordinates = (5, 8)

Contraoal point desired elevation = ( 555,00 )
Control point 9 calculated elevation = ( 559.37 )
The folloving 1s the solution head map achleved
after a slmulated pumping parlod of 44.4 days

VOO @®~I~DTARANNU Rl W R RN

570.00 570.00 570.00 570.00 570.00 560.00 570.00 570.00 570.00 570.00
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570.00
$70.00
570.00
570.00
570.00
570.00
570.00
570.00
570.00

Pumping rate for well # 1

577.06
576.58
575.00
573.68
571.45
570.65
566.28
567.65
568.46

578.16
577.59
575.46
576.3C
571.37
573.09
566.94
566.25
563.78

576.75
576.3:
570.97
570.30
560.74
563.79
565.26
567.55
568.63

570.81
506.66
557.27
562.66
564.10
525,13
559.137
568.87
571.42

565.55
555.97
519.72
544.83
571.71
572.17
572.42
574.39
573.97

567.48
565.05
562.91
568.46
578.00
580.72
579.53
580.32
582.25

-150000.00

Grid coordinates for well 1 ( 4 , 7 )

Pumping rate for well # 2 = -150000.00
Grid coordinates for well 2 { 3 , 5 )

Pumping rate for well # 3 = -150000.u0
Grld coordinates for well 3 ( 4 , 3 )

Pumpling rate for well # 4 = 2100000.00
Grid coordinates for well 4 ( 6 , 4 )

Pumping rate for wvell § 5
Grld coordinates for well

Pumping rate for well # 6
Grid coordipates for well

Pumping rate for wvell % 7

1200000,00
{5, 7)1

wn

500000.00
{6, 5)

o

500000.00

Grid coordlnates for well 7 ( 5, 8 }

Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Cantrol
Control
Control
Control
Control
Control
Control
Control

peint
pelint
point
point
point
point
point
point
point
point
point
point
point
point
point
polint
point
point
point
polnt
point
polnt
point

1

WO -] =)= NN U Ul ol Wt W AR R

coordinates = (4, 8)

desired elavation = { 570.00 )
calcuvlated elevation = [ 565.56
coordinates = (4, 7)

dealred elevation = { 570.00 )
calculated elevation = { 568,84
coordlinates = {4, 6)

desivzd elevation = ( 570.00 )
calculated alevation = { 569.39
coordlinates = (4, 5)

desired slevation = { 570.00 )
calculated clevation = ( 570.35
coordinatea = (5, 4)

deslred elevation = { 560.00 )
calculated elevation = ( 557.28
coordinates = (6, 4)

desired elevation = ( 515.00 )
caiculated elevation = ( 519,72
coordlinates = (6, 5)

desired elevation = { 540.60 ;
calculated elevation = ( 544.83
coordinates = (5, 7)

desired elevation = { 525.00 )
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570.45
$70.37
571.12
575.52
581.83
583.74
582.91
583.51
585,38

573.24
574.13
576.171
585.18
590.05
587.54
584.57
584.52
586.28

574.88
575.60
573.67
584.43
591.92
589.16
585.08
583.49
580.00



Control
control
Ceontrol
Control

polnt
point
polint
polint

The fclloving

570.00
570.00
570.00
570.00
570.00
570.00
570.00
570.00
570.00
570.00

Pumping rate for well » 1
Grid coordlnates

570.00
577.06
576,57
574.97
573.55
570.96
569.35
567.84
£67.52
560.41

8
3
9
9

calculated elevatlon a { 575,84 )
coordinates = {5, 8)
dealred elevation =
valculated elevation = ( 559,50 )
is the solutlon head map achleved

after a simulated pumping period of

570.00
571.16
577 59
575.45
576.32
570.87
569.28
566.64
565.17
563.75

Punplng rate for well

Grid coorxdlnates

Pumpirg rate for
Grild coordinates

Purping rate for
Grild coordinates

Pumping rate for
Grid coordinates

Pumping rate for
Grid coordinates

Pumping rate for
Grid coordinates

Control
Control
Control
Control
Controil
Control
Control
Control
Control
Control
Control
Control
Control
Control
Controel

peint
point
pelint
point
point
point
point
point
point
point
point
point
point
point
polnt

1

N de e W W WA R R

wvell § 5
for wvell

vell & 6
for well

wvell b 7
for well

570.00
576.75
576.132
570.97
570.35
569,39
68.84
565.56
567.61
568.55

for vell 1

$ 2=

for well 2

vell § 3 =
for weli 3

vell § 4 =
for well 4

w

=]

-3 N

coordinates
desired elevation = ( 570.00 )
calculated elevation = { 566,09 )
coordinates = (4, 7)
desired elevation = ( 570.00 )
calculated elevation = ( 563.32 )
coordlnates = (4, 6)
deslred elevation = { 570.00 )
calculated elevation = ( 566.63 )
coordinates = (4, 5)
desired elevation = {( 570.00 )
calculated elevation = ( 570.28 )
coordinates = (5, 4)
desired elevation = ( 560.00 )
calculated elevation = { 557.27 )

570.00
570.81
566.66
557.28
562.67
564.25
525.84
559.50
568,91
571.43

-150000.
(3,8

-150000.
(3,5

-150000.
(4,3

2100000.
(6, 14

( 555.00 )

44.4 days

560.00
565.55
555.97
519.72
544.83
571.73
572.24
572. 46
574.41
573.98

0c¢
)

00
)

00
)

00
)

1200000.00

(5,7

)

500000.00

(6,5

500000.00

(S, 8
= (4, 8)

10

570.00
567.48
565.05
562,91
568.46
578.01
520.73
579.54
580.132
582.25

570.00
570.45
570.37
571.12
575.52
581.83
583.74
582.91
583.51
585.39

570.00
573.24
574.13
576.7

585.18
590.05
587,54
584.57
584.52
586.28

570.00
574.08
575.60
573.67
584.43
£91.92
589.16
565.08
583.49
580,00



Control
Control
Control
Control
Contral
Control
Control
Control
Control
Control
Control
Control

point
point
point
polint
polnt
polint
point
polint
point
polnt
polnt
point

The folloving

after a

570.00
570.00
570.00
570.00
570.00
570.00
570.00
570.00
570.00
570.00

simula

570.00
577.06
576.57
574.97
573.%5
571.00
569.58
568.85
568.07
568.64

coordinates = (6, 4}

desired elevation = { 515.00 )
calculated elevation = { 519.72 )
coordlnates = (6, 5)

deslred elevation = { 540.00 H
calculated elevatlon = { 544.83 )
coordinates = (5, 7)

desired elevation = { 525,00 )
calculated elevation = ( 525,10 )
coordlnates = (5, 8)

deslred elevation = { 555,00 )
calculated elevation = ( 559.62 )
is the sclution head nap achlieved
ted pumpf .g perlod of 44.4 days

WOODODOd~3 I NN

$70.00 570.00 570.00 560.00 570.00
578.16 576.75 570.81 565.55 567.48
577.59 576.32 566.66 555,37 565,05
575.44 570.96 557.27 519.72 562.91
576.30 570.28 562.66 544.83 568.46
570.80 568.63 564.03% S71.71 578.00
569,11 563.32 525.10 572.18 580.73
569.49 566.09 559.62 572.49 579.54
567.07 567.96 569.02 574.44 580.33
564.19 568.80 571.47 573.99 582.25

570.00
570,45
570.37
571.12
575.52
581.83
583.74
582.91
583.51
$85.39

57¢.00
573.24
574.13
576.71
585.1s%
590.05
587.54
584,57
584,52
586.28

57¢.00
574.88
575.60
573.67
504.43
$91.92
589.16
585.08
583.49
580.00



Appendix E
Plume Case Study Summary
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E Electric G Case Study Application S

F.1  Infroduction

The Emerson Electric Compary site is located in Altamonte Springs, Florida,
near the city of Orlando. The Electronic and Space Division of Emerson Electric
operat. . an electrical component manufacturing and assembly plant at this site
from January 25, 1979, to the mid 1980's. The site is bordered to the south by a
swampy area and on the north and west by a light industrial park. During the site's
history, in addition to burying construction debris south of the plant, waste water
from metal filming operations was discharged to a septic tank and tile drain on the
southeast side of the building (US EPA, 1989).

F.2  Environmental Concerns

A possible contamination problem was discovered on October 20, 1981 during
a site inspection by representatives of the Florida Department of Environmental
Regulation (FDER). The inspectors found that wastewater from metal filming
operations was being discharged to a septic tank without pre-treatment.
Subsequently, an electrical conductivity survey was conducted to detect possible
zones of contamination. An area of high conductance was delineated southwest of
the main building on the property (US EPA, 1989).

F.3 Hydrogeological Invertigation

In August 1982, four monitoring wells were installed to define the site's
hydrogeology and extent of soil and groundwater contamination. The site
hydrogeology corsisted of a 50 ft thick water table aquifer consisting of sandy
sediments, underlain by approximately 50 feet of clayey sediments.

The water samples collected from the surface water table aquifer were found to be
contaminated. Critical contaminants identified were acetone, methyl ethyl ketone,
chrome, and lead (US EPA, 1989). '

F4 Aguifer Remediation

The objective of the remediation was to reduce the concentrations of
contaminants at the site to below regulated levels. The consulting engineers hired
by Emerson designed an extraction system consisting of five pumping wells, with a
total system pumping rate of 30 gallons per minute. The FDER consented to allow
the collected waste water to be discharged directly into the municipal sanitary sewer
network. This water would eventually be treated by the Altamonte Springs water
treatment plant using normal treatment methods. The consultant predicted that
the system would properly purge the aquifer clean in nine months (US EPA, 1989).
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F.5 Summary

The remediation program continued for 22 months before aquifer
concentrations of the critical contaminants fell below regulated limits. In January,
1989, the site was taken off of the State Action Site List and was considered properly
remediated (US EPA, 1989).
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Appendix G
Plume Case Study Program Input
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Emerson Electric Company Case Study Application Input Data

G.1 Finite Difference Parameters

Number of columns: 10

Number of rows: 10

Grid Spacing: 50 ft

Finite Difference Tolerance of Convergence: 0.1ft

Total number of time steps: 20

Initial time step: 2days
Anisotropy factor (Txx/Tyy) 1.0

G2 Hydrogeologic Parameters

Aquifer: Unconfined
Induced Infiltration: False

Leaky Artesian Conditions: False

Average site gradient: 0.01

Average aquifer thickness 50 ft

Number of pumping wells: 2

Pumping Well No. 1

Pumping rate: 7000 US gpd
Maximum permissible percent dewatering 0.25

X grid coordinate of top left comer of search area: 3

y grid coordinate of top left corner of search area: 7

X grid coordinate of bottom right corner of search area: 4

y grid coordinate of bottom right corner of search area: 8

Pumping Well No. 2
Pumping rate: 7000 US gpd
Maximum permissible percent dewatering 0.25 -
X grid coordinate of top left corner of search area: 7

y grid coordinate of top left corner of search area: 7

X grid coordinate of bottom right corner of search area: 8

y grid coordinate of bottom right corner of search area: 8




Emerson Electric Company Case Study Application Input Data

G3 FPlume Parametera
No. of Shapes required to represent the plume 1

X grid coordinate of top left corner of plume area:
y grid coordinate of top left corner of plume area:
X grid coordinate of bottom right corner of plume area:
y grid coordinate of bottom right corner of plume area:

N
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TABLEG2

Thesis Progrem Data Input

Case Stady Applicetion

PFlume

Emerson Electric

Company Aquifer Remedistion Project
Aquifer Hydraulic Conductivity Map®

Colcmmns

10

ZE2BBIBEBES

EERRRBRBRR

ISR

ZEXZRESBEES

ETXETXIREIRZR

EZZZBLEZESR

SRESRR888R

BRI

B2RBLBLRIS

EERBIBERLR

™~

* units are in square fest/day




19

NN NBEB oy

s NNNSRBN N

€ N« NNNY

N N dd3849

w NN JERRIY

NN BRERRE

Input
¢ Case Sindy Application
Columune
s

TABLEG3
Thasls Program Data
Emerson Elsctric Compeny Aquifer Remediastion Project

Cenisminant Concentration Map®

v NI RRARAY
m NN QURRBAYG
o N RQKAY
m NaaeaBA03499

! L LA LY I Y Y-

* units are in ug/Liive
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TABLEGA
Thesls Program Data Input
Plzme Case Study Application
Ememson Electric Company Aquifer Remedistion Project
Polentiometric Surface Elevation Map®
Colunans

288888 R

EEEBBBBRRR

EXBBBBERRR

ZREBRRRERER

BIEERARRRR

BRRARRRERRER

RRRRRERRRRER

RRRRRERERR

RRRRERRRRR

RERRRRRRRR

LLEL L LI X -

190

* units are in fest



NI
Nl
Nl
Nl
Nl
Nl
Nl
NI

Nl

z z g
z r z
z r o g
T z T
T T r o
T T T
T T z
- z T
r T T
T T T
9 [
300
Ay oumgse
pafozg vopvipemry symby Lovdwon sppey vosawy
uwopnddy Lpmig sew) swayy
mdu] mivq wezor] sreeq

NI
NI
Nl
ﬂl
ﬂl

» S

ﬂl
Nl
Nl
Nl
Nl
Nl
Nl
Nl
Nl
Nl

1008 Rq/ Avp/e8 ujre eun |,

Nl
Nl
Nl
Nl
Nl
Nl
NO
NO
NI
NI

I

CLE L LN ¥ S

L



S0 S0 S0
S0 S0 S0
50 50 50
S0 50 50
§0 S0 S0
50 50 50
S0 S0 S0
S0 50 S0
$0 S0 S0
S0 S0 $0
9 § ’
FNR] 0D
<4V Ajanuaog
pafag vopspsmry by Lerdmoy) sy woswy
uopmddy Apmig sev) swnyy
induy v weaSarg speyy,

FOTIEVL

2333333332
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50
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Plume Case Study Application
Emerson Electric Company Aquifer Remediation Project

TABLEG.7
Thesls Programa Data Input

Tranemisslvity Map®

Columns

10

9

]

7

6

5

4

3

2

1

5858888888

5855888888

EHEEEEEEE

§358588888

2838888888

§§38888888

5358858888

5355858588

5338888888

83555588888

* units are in US gallons/day foot
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Plume Case Study Program Output
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**% Optimum Plume Control Solution Summary **»*

Well Number 1

Pumping rate = 7000.00

Grid coordlnates for well 1 ( 4 , 7 )

Capture width in the X direction = 8.75000000000000E+0001
Capture width in the Y direction = 8,75000000000000E+0001

Well Number 2

Pumpling rate = 7000.00

Grid coordinates for well 2 ( 7
Capture width in the X directlion
Capture width in the Y direction

7 )
8.75000000000000E+0001
8.75000000000000E+0001

B

The following is the solution head map
achleved after a simulated pumping period of 4.4 days

78.24 79.21 78.16 78.12 78.08 78.06 78.04 78.03 78.02 78.01
78.38 78.34 76.26 78.10 78.13 78.09 78.06 78.04 78.03 78.02
78.69 78.61 78.46 78.33 78.24 78.17 78.12 78.07 78.05 78.04
79.01 78.91 78.75 78.56 78.44 78.33 76.22 78.14 78.09 78.07
79.38 79,23 79.05 78.87 78.74 78.59 78.38 78.24 78.15 78.11
79.72 79.55 79.32 79.07 78.98 78.82 78.53 78.38 78.26 78.19
82.05 79.78 79.42 78.87 79.16 79.03 78.43 78.55 78.41 78.31
80.35 80.14 73%.78 179.49 79.50 79.39 79.11 78.89 78.64 78,49
80.56 80.43 80.17 79.87 79.76 79.64 79.44 79.18 78.93 78.73
80.67 80.57 80.39 80.15 79.93 79.78 79.60 79.39 79.17 78.96

Well Number 1

Pumping rate = 7000.00

Grid coordinates for well 1 ( 4
Capture width in the X direction
Capture width ln the Y direction

7))
8.75000000000000E+0001
8.75000000000000E+0001

nn~

Well Number 2

fumping rate = 7000.00

Grid coordinates for well 2 ( 7
Capture wldth in the X directlon
Capture width in the Y direction

7))
8.75000000000000E+0001
8.75000000000000E+0001

H~

The follovwling is the solutlon head map
dchieved after a simulated pumping perlod of 7.3 days

78.35 78.32 78.27 76.21 78.16 78.12 78.09 76.06 78.05 78.04
78.46 78.42 78.35 78.28 78.21 78.16 78.12 78.08 78.06 76.05
78.68 78.62 78.52 78.42 78.32 78.25 78.18 78.13 78.10 78.08
78.95 78.88 78.75 78.61 78.49 78.38 78.27 78.20 78.15 78.12
79.25 79.15 78.99 78.81 "B8.68 78.54 78.39 78.29 78.23 78.19
79.54 79.41 79.19 78,93 78.85 78.69 78.45 78.39 78.33 78.29
79.82 79.65 79.34 78.75 78.97 78.82 78.27 78.49 78.4T 78.42
80.09 79.%54 79.68 79.40 79.32 79.17 78.91 76.81 78.69 78.60
80,30 80,18 79.98 79.75 79.60 79.44 79.2% 79.07 78.91 78.80
80.41 B80.32 80.15 79.94 79.76 79.59 79.41 79.22 79.05 178.93
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Well Number 1

Pumpling rate = 7000.00

Grid coordlnates for well 1 ( 4
Capture width in the X directlon
Capture wldth ln the Y direction

7))
8.75000600000000E40001
- 8.75000000000000E+0001

i u-~

Well Number 2

Pumplng rate = 7000.00

Grid coordinates for well 2 ( 7
Capture width In the X directlion
Capture width In the Y direction

7))
8.75000000000000E+0001
8.75000000000000E+0001

Hou-

The following is the solution head map
achleved after a simulated pumping period of 10.7 days

78.44 78.41 78.36 78.30 78.24 78,19 78.15 78.11 178.0% 78.08
78.52 78.49 78.43 78.36 78.29 78.23 78.18 78.14 78.11 78.10
78.69 78.64 78.56 78.47 78.38 78.30 78.23 78.18 78.15 78.13
78.90 78.84 78.74 78.62 786.51 78.40 78.31 78.25 78,21 78.19
79.14 79.06 78.92 78.75 78.63 78,51 76.38 78.32 78.28 178,26
79.38 79.27 79.07 78.81 78.73 78.59 78.38 78.38 78.37 78.36
79.62 79.48 79.19 178.60 78.81 78.66 78.14 78.44 76.49 78.48
79.85 79,73 79.51 79.23 79.14 78.98 78.76 78.72 78.68 78.65
80.03 79.94 79.76 79.56 79.41 79.24 79.07 78,95 78.86 78.80
80.14 80,05 79.90 79.72 79.55 79.38 79.22 179.08 18.96 78.89

Well Number 1

Pumping rate = 7000.00

Grid coordinates for well 1 ( 4
Capture width in the X direction
Capture vidth in the Y direction

7
8.75000000000000E+0001
8.75000000000000E+0001

nu=~

Well Number 2

Pumping rate = 7000.00

Grid coordinates for vell 2 ( 7
Capture width in the X direction
Capture width in the Y direction

7))
§.75000000000000E+0001
8.75000000000000E+0001

I~

The following is the sclution head map
achieved after a simulated pumping period of 14.9 days

78.5) 78.48 78.43 78.38 78.32 78,26 78.21 78.17 78.15 178,14
78.57 78.54 78.49 78.42 78.35 78.29 78.24 78.19 78.17 178.15
78.69 78.65 78.58 78.50 78.42 78.34 78.28 78.23 178.20 78.19
78.85 78.80 78.71 78.60 78.50 78.41 78.33 78.28 78.25 78.24
79.03 78.96 78.83 78.68 78.58 78.47 78.36 78.33 78.31 78.30
79.22 79.12 78.93 78.68 78.62 78.49 78.32 78.36 78.38 78.39
79.41 79.29 79.01 78.43 78.85 78.52 78.04 78.38 78.48 76.50
79.60 79.5¢ 79.30 79.03 78.95 78.8% 78.62 78.63 78.64 78.63
79.76 79.68 79.52 79.34 79.20 79.05 78.91 78.83 78.79 78.76
79.85 79.77 79.64 79.48 79.33 79,18 79.04 178.94 78.87 78.823
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Well Number 1

Pumping rate = 7000.00

Grid coordlnates for well 1 ( 4
Capture width 1n the X dizection
Capture width in the Y directlon

7
8.75000000000000E+0001
§.75000000000000E+0001

H s

Well Number 2

Pumplng rate = 7000.00

Grid coordlnates for well 2 ( 7
Capture width ip the X directlon
Capture width in the Y direction

7
8.75000000000000E+0001
8.75000000000000E+0001

Hn~

The followving is the solutlion head map
achleved after a simulated pumping perlod of 19.9 days

78.55 78.53 78.49 78.43 78.37 78.32 78.27 178.23 78.21 178,19
78.60 78.57 78.52 78.46 78.40 78.34 78.29 78B.25 78.22 78.21
78.68 78.65 78.59 78.51 78.44 78.37 78.31 78.27 78.25 76.24
78.79 178.74 78.66 78.57 786.48 78.40 78.34 78.30 78.28 78.28
786.91 78.85 78.74 78.60 78.51 78.42 78.34 78.32 78.32 18,33
79.05 78.96 78.78 7T8.55 78.50 78.40 78.25 78.32 78.37 78.39
79.19 79.08 78.82 T78.25 78.49 78.38 77.93 78.31 78.44 78.47
79.35 79.25 79.07 78.82 178.75 78.64 78.48 178,53 78.57 78,58
79.48 79.40 79.27 79.10 76.98 78.86 78.75 78.71 78.69 178.69
79.55% 79.49 79.37 79.23 79.10 78.97 78.87 178.80 78.76 78,74

Well Number 1

Pumping rate = 7000.00

Grid coordinates for well 1 ( 4
Capture width in the X directlon
Capture width in the ¥ direction

7}
8.75000000000000E+40001
8.75000000000000E+0001

o~

Well Number 2

Pumping rate = 7000.00

Grid coordinates for well 2 ( 7
Capture width in the X direction
Capture width in the ¥ directlion

7))
8.75000000000000E+0001
8.75000000000000E+0001

nn-~

The following is the solutlion head map
achleved after a simulated pumping perled of 25.8 days

78.57 78.55 178.51 78.46 78.41 78.36 78.31 78.28 78.26 78.25
78.60 78.57 78.53 78.48 78.42 78.37 78.32 78.29 78.27 78.26
78.65 78.62 78.56 78.50 78.44 76.38 78.33 76.30 178.28 78.27
78.71 78.67 78.50 78.52 78.44 78.38 78.33 78.30 78.30 78.30
78.79 78.73 78.63 78.50 78.43 78.36 78.29 76.30 78.31 78.32
78.87 78.19 78.63 78.41 78.38 78.30 78.17 78.26 178.33 78.36
78.97 178.87 178.62 178.07 78.33 78.24 77.82 78.22 78.37 78.42
79.09 79.00 76.83 78.60 78.55 768.46 78.33 7T8.41 78.47 78.50
79.19 79.13 179.00 78.85 78.75 78.66 78.53 78.57 78.58 78.58
79.25 79.19 79.0% 78.97 78.86 78.76 78.69 78.65 7T8.64 78.63

197



Well Number 1

Pumplng rate = 7000.00

Grld coordlnates for well 1 ( 4 ¢ 1)

Capture wldth in the X direction = 6.75000000000000E+0001
Capture width in the Y direction 8.75000000000000E+0001

I

Well Number 2

Pumplng rate = 7000.00

Grid coordlnates for wvell 2 ( 7
Capture width in the X dlrectlon
Capture width in the Y direction

7
8.75000000000000E+0001
8.75000000000000E+0001

The following is the solutlon head map
achieved after a simulated pumpling period of 33.0 days

78.55 78.54 78.50 78.46 78.42 78.37 76.34 78.31 178.29 78.28
78.57 78.55 78.51 78.46 78.41 78.37 78.33 78.31 78.29 178.28
78.59 78.56 78.52 78.46 78.41 78.36 78.32 78.30 78.29 78.29
78.62 78.58 78.52 78,45 78.38 78.33 78.29 78.28 78.29 78.29
78.65 78.60 78.50 78.3% 78.33 78.27 78.23 78.25 78.28 78,29
78.69 78.61 178.46 78.25 78.24 78.18 78.08 78.18 78.26 78.30
78.75 78.65 76.41 77.88 78.15 78.09 77.69 78.11 78.2T 78.33
78.83 78.75 78.59 78.37 78.35 78.28 78.17 78.28 78.36 78.39
78.91 78.85 78.73 78.61 78.53 78.46 78.40 T8. 41 78.44 178.46
78.95 78.90 78.81 78.71 78.62 78.55 78.50 76.49 78.49 78.50

Well Number 1

Pumpling rate = 7000.00

Grld coordinates for well 1 ( 4
Capture width in the X direction
Capture width in the Y direction

1)
8.75000000000000E+0001
8.75000000000000E+0001

0N~

Well Number 2

Pumping rate = 7000.00

Grid coordinates for well 2 ( 7
Capture width in the X direction
Capture width in the Y direction

7))
8.75000000000000E+0001
8.75000000000000E+0001

U~

']

The following is the solutlon head map
achieved after a simulated pumping period of 41.6 days

78.50 78.49 78.46 78.42 78.39 78.35 78.32 78.30 78.29 78.29
78.50 78.48 78.45 78.41 76.38 78.34 78.31 78.29 78.28 78.28
78.50 78.48 78.44 78.39 78.35 78.31 78.29 78.27 78,27 178.27
78.50 78.47 78.41 78.35 78.30 78.26 78.23 78.23 78.24 78.25
78.49 78.45 78.36 78.26 78.2) 78.17 78.14 78.17 78.21 78,23
78.50 76.42 78.28 78.09 78.09 78.04 77.96 78.08 78.17 78.22
78.52 78.42 78.19 77.67 77.97 77.92 77.54 77.98 78.15 78.22
78.57 78.49 76.34 78,14 78.14 78.09 78.00 78.12 78.21 78.26
78.63 78.57 78.47 78.36 78.30 78.24 78.21 78.24 78.28 78.31
78.66 78.61 78.54 78.45 78,38 78.33 78,30 78.30 78.32 78.34

Well Number 1
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Pumping rate =

Grld coordlnates
Capture width in
Capture width in

Well Number 2
Pumping rate =
Grid coordinates
Capture wldth iIn
Capture width in

The following is
achleved after a

78.41
78.40
78.38
78.35
78.32
78.29
78.28
78.31
78.34
78.37

78.39
78.38
78.36
78.32
78.27
78.22
78.19
78.23
78.29
78,33

Well MNumber 1
Pumping rate =
Grid coordinates
Capture width in
Capture width In

¥Well Number 2
Pumping rate =
Grid coordinates
Capture width in
Capture width in

The following is
achieved after a

78.26
78.25
78.21
78.17
78.11
78.06
78.03
78.04
78.06
78.08

78.25
78.23
718.20
78.14
78.07
77.99
77.94
77.87
78.01
78,04

Well Number 1
Pumplng rate =

7000.00

for well 1 ( 4
the X dlirectlon
the Y dlrectlon

7000.00

for vell 2 ( 7
the X directlon
the ¥ direction

"

[T

7

8.75000000000000E+0001
8,75000000000000E+0001

?

8.75000000000000E+0001
8.75000000000000E40001

)

)

the sclutlon head map
simulated pumping period of 51.9 days

78.37
78.35
78.32
78.27
78.19
78.08
77.97
78.09
78.20
78.26

78.34
78.32
78.28
78.22
78.10
77.90
77.46
77.91
78.10
78.18

7000.00

for well 1 ( 4
the X dlrection
the Y directlon

7000.00

for well 2 ( 7
the X dlrection
the Y direction

B U~

H™

the solution head
slmulated pumping

78.23
78.21
78.17
78.10
17.99
77.86
77.713
77.83
77.93
77.98

78.21
78.19
78.14
78.05
77.91
77.69
77.23
77.66
77.84
77.91

7000.00

78.31
78.29
78.25
78.18
78.07
77.91
17.77
77.92
78.06
78.13

7

8.75000000000000E+0001
8.75000000000000E+0001

9

8.75000000000000E+0001
8.75000000000000E+0001

78.29
78.27
78.22
78.15
78.04
77.88
77.74
77.88
78.02
78.10

)

)

P

78.27
718.25
78.21
78.14
78.02
77.81
17.37
77.81
78.00
78.08

78.26
T78.24
78.20
76.15
78.06
77.94
77.82
77.94
78.05
78.10

period of 64.3 days

78.19
78.16
78.11
78.02
77.89
77.71
77.55
77.68
77.81
77.87

B9

78.17
78.15
78.09
78.00
77.817
77.69
77.53
77.66
77.78
77.85

78.16
78.14
78.08
77.99
77.86
77.63
77.17
77.59
77.78
17.85

78.16
78.13
78.09
78.01
77.%1
7.1
77.63
77.74
77.83
77.88

78.25
78.24
78.21
78.16
78.11
76.04
78.01
78.0%5
76.10
78.13

78.15
78.13
78.09
78.03
77.96
77.88
77.82
77.85
77.89
77.92

718.25
78.23
78.21
78.17
78.13
78.09
78.08
78.10
78.13
78.15

78.15
78.13
78.10
78.05
77.99
77.93
77.%0
77.90
77.92
77.%4



Grld coordlnates
Capture width in
Capture width in

Well Number 2
Pumping rate =
Grid coordinates
Capture width n
Capture width in

The following is
achieved after a

78.07 78.06
78.05 78.04
76.01 77.99
77.95 77,92
77.88 77.84
77.81 77.74
77.76  77.67
77.75 77.69
77.77 1717.72
17.78 77.7%

Well Number 1
Pumping rate =
Grld coordinates
Capture width in
Capture width in

Well Number 2
Pumpling rate =
Grid coordinates
Capture width in
Capture width 1n

The following 1s
achieved after a

77.83 77.82
77.80 77.79
T7.75 77.74
77.68 77.66
17.60 77.56
77.52 77.46
77.46 77.38
77.45 717.38
77.46 17,41
77.47 77.43

¥ell Number 1
Puaping rate =

Grid coordinates for well

for well
the X dlrection
the Y dlrectlon

7000.00

for wvell
the X dlrection
the ¥ direction

11

2 (7

4

o n~

LI

the solutlon head
simulated pumping

78.05
78.02
77.97
77.88
77.717
77.62
77.47
77.56
17.64
717.69

78,03
78.00
77.94
77.84
77.69
77.45
76.97
77.39
77.56
77.613

7000.00

for well
the X direction
the Y direction

7000.00

for well
the ¥ directlon
the ¥ direction

1 (4

2 (7

78.02
77.98
17.92
77.82
77.67
77.48
77.30
77.42
77.54
17.60

N~

™~

7

8.75000000000000E+0001
8.75000000000000E+0001

71

8.75000000000000E+0001
8.75000000000000E+0001

map

period of 79.2 days

78.00
717.97
77.91
77.80
77.66
77.47
77.29
77.40
77.52
17.59

7))

8.75000000000000E+0001
8.75000000000000E+0Q01

7))

8.75000000000000E+0001
8.75000000000000E+0001

the solution head map
simulated pumping perlod of 97.0 days

77.81
77.78
77.72
77.62
77.49
77.33
77.117
77.26
77.34
77.38

77.79
71.76
17.69
77.58
77.42
77.17
76.69
77.09
77.26
77.32

7000.00

77.78
77.75
77.68
17.%7
77.41
77.21
77.02
77.13
77.24
77.30

77.78
77.74
17.67
77.56
77.40
77.20
77.01
77.12
77.23
77.29%

1(4,17)

78.00
77.97
77.91
77.81
71.65
17.41
76.94
77.35
77.52
77.59

77.77
77.74
77.67
77.56
77.40
77.15
76.66
77.07
17.24
77.30

78.00
17.97
77.91
77.83
77.71
77.56
77.41
77.50
77.58
77.63

77.78
77.7%
77.68
77.59
77.46
77.30
77.14
77.22
77.30
77.34

78.00
77.%7
77.92
77.85
77.17
17.67
17.60
77.61
17.65
77.67

77.78
77.75
77.70
77.62
77.52
77.42
77.34
77.34
77.37
77.39

78.00
77.98
77.93
77.87
71.80
77.73
77.68
77.67
77.68
77.70

77.78
77.76
77.71
77.64
77.55
77.47
77.41
77.40
77.42
77.42



Capture width in the X direction = 8.75000000000000E+0001
Capture width In the Y dlrection = 8.75000000000000E+0001

Well Number 2

Pumpling rate = 7000.00

Grld coordinates for well 2 ( 7 7))

Capture width in the X direction 8.75000000000000E+0001
Capture vidth in the Y direction = 8.75000000000000E+GS01

H™

The following is ths solutlon head map
achleved after a simulated pumping perlod of 118.4 days

77.52 77.52 77.51 77.50 77.49 17.48 77.48 17.49 77.49 77.50
77.49 77.4% 77.47 77.46 77.45 77.45 77.45 77.46 77.46 77.47
77.44 77.43 717.41 77.39 77.37 77.37 17.38 717.39 17.41 171.42
77.37 77.34 77.31 77.27 77.26 77.25 77.26 77.29 17.32 77.34
77.28 77.24 77.17 77.11 77.09 177.09 77.09 77.16 77.22 77.25
77.19 77.13 77.01 76.85 76.89 76.88 176.84 76.99 77.11 77.16
77.13 77.04 76.84 76.35 76.69 76.68 76.34 76.82 177.02 177.10
77.10 77.04 76.92 76.75 76.79 76.7% 76.74 76.90 77.02 77.08
77.11 717.07 76.99 76.92 76.90 76.90 176.96 76,97 77.04 17.08
77.12 77.09 77.03 76.98 76.96 76.95 76.97 77.01 177.06 177.09

Well Number 1

Pumrning rate = 7000.00

Grid coordinates for well 1 ( 4
Capture vidth in the X direction
Capture width in the Y directlion

7))
8.75000000000000E+0001
8.75000000000000E+0001

wnu~

Well Number 2

Pumping rate = 7000,00

Grid coordinates for wvell 2 ( 7
Capture width in the X dlirection
Capture width in the Y direction

T)
§.75000000000000E+0001
8.75000000000000E+0001

nu-~

The follovwing is the solution head map
achlieved after a sipulated pumping period of 144.1 days

77.15 77.14 77,13 717.13 77,12 77.12 77.12 717.12 717.13 17.14
77.12 77.11 77.10 77.09 77.08 77.08 77.08 77.09 77,10 177.11
77.06 77.05 77.03 77.01 77.00 77.00 77.01 77.02 77.04 77.05
76.99 76.97 76.93 76.90 76.88 76.88 76.89 76.92 76.95 76.97
76.89 76.86 76.79 76.73 76.72 76.71 76.72 76.78 76.84 76.88
76.80 76.74 76.62 7T6.46 76.50 76.50 76.46 76.61 76.73 76.79
76.73 76.65 76.45 75.97 76.30 76.30 75.96 76.44 76,64 76,72
76,71 76.65 76.52 76.36 76.40 76.40 76.36 76.51 76.64 76.70
76.71 76.67 176.60 76.52 76.51 76.51 76.52 76.59 76.66 76.70
76.72 76.69 76.64 76.59 76.57 76.56 76.58 76.63 76,68 76.70

Well Number 1

Pumping rate = 7000.00

Grld coordinates for well 1 ( 4 , 7 )

Capture width in the X direction = 8.75006000000000E+0001



Capturs width In the Y dlrectlon 8.75000000000000E+0001

Well Number 2

Pumping rate = 7000.00

Grid coordinates for well 2 ( 7 7))

Capture width tn the X direction 8.75000000000000E+0001
Capture width in the Y direction = 8.75000000000000E+0001

i~

The following !s the solutlion head map
achleved after a simulated pumping perliod of 174.9 days

76.70 76.69 76.68 76.68 76.67 76.67 76.67 76.68 76.69 76.69
76.67 76.66 76.65 76.64 176.63 76.63 76.63 76.64 76.65 76.66
76.61 76.60 76.58 76.56 76.55 76.55 76.56 76.58 76.59 76.60
76.53 76.51 76.48 76.44 76.43 76.43 176.44 76.47 76.50 76.52
76.44 76.40 76.34 76.27 76.26 76.26 76.27 76.33 76.39 76.43
76.34 76,28 76.16 76.01 76.05 76.05 76.00 76.16 76.28 76.33
76.27 76.19 75.93 75,51 175.84 175.84 75.50 75.98 76.18 76.26
76,25 76,19 76.06 75.90 75.%94 75.94 75.90 76.06 76.18 76.24
76.25 76.21 76.13 76.06 76.05 76.05 76.06 76..3 76.20 76.24
76.25 76.22 76.17 76.12 76.10 76.10 76.12 76.17 76.22 76.25

Well Number 1

Pumping rate = 7000.00

Grid coordinates for well 1 ( 4
Capture width in the X direction
Capture wvidth In the Y directlon

7))
8.75000000000000E+0001
8.75000006000600E+0001

B~

Well Number 2

Pumping rate = 7000.00

Grid coordinates for well 2 { 7
Capture vidth in the X dlrection
Capture wvidth in the Y direction

7
8.75000000000000E+00601
8.75000000000000E+0001

"I

The following ls the solution head map
achleved after a simulated pumplng period of 211.9 days

76.15 76.15 76.14 76.13 76,13 176.13 76.13 76.14 76.15 76.15
76.12 76.12 76.11 76.10 76.09 76.09 76.09 76.10 76.11 76.12
76.07 76.06 76.04 76.02 76.01 76.01 76.02 76.03 76.05 76.06
75.99 75.97 75.93 75.90 75.89 75.88 75.%90 75.°3 75.96 75.98
75.89 75.85 75.79 75.72 75.72 75.71 75.72 75.79 75.85 175.89
75.79 75.74 75.62 75.46 75.50 75.50 75.46 75.61 75.73 75.79
75.72 75.64 75.44 7T4.96 75.30 75.30 74.96 75.44 75.64 75.72
75.70 75.64 75.51 75.35 75.39 75.39 75.35 75.51 75.63 75.69
75.70 75.66 75.58 75.51 75.50 75.50 75,51 75.58 75.65 75.69
75.70 75.67 75.62 75.57 175.5%5 75.55 75.57 75.62 75.67 75.70

Well Number 1

Pumping rate = 7000.00

Grid coordinates for well 1 (4, 7))

Capture width in the X directlion = 8.75000000000000E+0001
Capture width 1n the Y direction = 8.75000000000000E+0001



Well Number 2

Pumplng rate = 7000.00

Grid coordinates for vell 2 ( 7
Capture vidth in the X dlirecttion
Capture width in the ¥ direction

7))
8.75000000000000E+0001
8.75000000000000E+0001

HH~

The following is the solution head map
achieved after a simulated pumping period of 255.2 days

75.50 75.50 75.49 75.48 75.47 75.47 75.48 75.49 75.49 175.50
75.47 75.46 75.45 T5.44 75.44 75.44 15.44 75.45 15.46 715.47
75.41 75.40 75.38 75.36 75.36 75.35 75.36 75.38 75.40 75.41
75.33 75.31 75.28 75.24 75.23 75.23 75.24 175.27 175.31 75.33
75.23 175.20 75.13 75.07 75.06 75.06 75.07 75.13 75.20 75,23
75.14 75.08 74.96 74.80 74.85 74.85 74.60 7T4.96 75.08 75.14
75.07 74.99 74.78 74.30 74.64 74.64 T4.30 74.78 74.98 75.06
75.04 74.98 74.86 74.70 74.74 74.74 74.6%9 74.85 7T4.98 75.04
75.04 75.00 74.93 T4.85 T74.84 T4.84 74.85 74.93 75.00 75.04
75.04 75.01 74.96 74.92 T74.90 74.90 74.92 74.96 75.01 75,04

Well Number 1
Pumping rate = 7000.00

Grid coordlnates for well 1 ( 4 7))

r
Capture wvidth 1in the X direction = 8.75000000000000E+0001
Capture width in the ¥ direction = 8.75000000000000E+0001
Well Number 2
Pumplng rate = 7000.00
Grld coordinates for well 2 ( 7 7))

8.75000000070000E+0001
8.75000000000000E+0001

H ™~

Capture width in the X directlon
Capture width in the Y direction

The followving is the solution head map
achieved after a simulated pumping period of 309.5 days

74,71 74.71 74.70 74.69 74.69 T4.69 74.69 74.70 74.71 7M4.71
74.68 74.68 T4.67 T4.66 74.65 7T74.65 7T74.66 T4.6T7 T4.68 74.68
74.63 74.62 74.60 74.58 74.57 7T4.5T7 74.58 74.60 74.61 74.63
T4.54 T4.52 74.49 74.46 74.45 74.45 14.46 T74.49 74,52 74.54
74.45 T4.41 74.35 74.28 T74.27 T4.27 T4.28 74.35 74.41 7T4.45
74.35 74.29 74.17 74.02 T74.06 74.06 T4.02 74,17 74.29 74.35
74.28 74.20 74.00 73.52 73.85 73.85 73.51 74.00 74.20 74.28
74.25 74.19 74.07 73.9)1 73.95 73.95 73.91 74.07 7T4.19 74.25
74.25 74,21 74.14 74.07 74.05 74.05 74.07 T4.14 74.21 74.25
74.26 T74.23 74.18 74.13 74.11 74.11 74.13 T74.18 T4.23 74.26

Well Number 1

Pumping rate = 7000.00

Grid coordinates for well 1 {( 4 , 7 )

Captuxe width in the X direction = 8.75000000000000E+0001
Capture width in the Y direction = 8.75000000000000E+0001

203



Well Number 2

Punplng rate = 7000.00

Grid coordlnates for well 2 ( 7 e 1)

Capture wldth in the X directlon = 8.75000000000000E+0001
Capture width in the Y direction = 8.75000000000000E+0001

The followving !s the solutlon head map
achleved after a slmulated pumpling perlod of 373.4 days

73.77 73.77 73.76 73.75 73.75 73.7% 73.75 73.76 73.717 73.11
73.74 73.74 73.72 73.71 73.71 173.71 73.71 73.72 73,73 73.74
73.68 73.67 73.65 73.64 7T73.63 173.63 73.64 73.65 73.67 173.68
73.60 73.58 73.55 73.52 73.50 173.50 73.52 73.55 73.58 73.60
73.50 73.47 73.41 73,34 73.33 173.13 73.34 73.40 73.47 173.50
73.41 73.35 173.23 73.07 73.12 73.12 73.07 73,23 73.3% 73.41
73.34 73.26 73.05 72.57 72.91 72,91 72.57 173.05 73.25 73.34
73.31 73.25 73.12 72.96 73.01 73.01 72.96 T73.12 73,2% 173.31
73.31 73.27 73.20 73.12 73.11 73.11 73.12 73.19 73.27 1713.11
73.31 73.28 73.23 73,18 73.16 73.16 73.18  73.23 73.28 73.31

20/
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